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Legal notice

For customers in the U.S.A.
This equipment has been tested and found to comply with the limits for a Class B digital

device, pursuant to Part 15 of the FCC Rules. These limits are designed to provide reasonable
protection against harmful interference when the equipment is operated in a residential envi-
ronment. This equipment generates, uses, and can radiate radio frequency energy and, if not
installed and used in accordance with the instruction manual, may cause harmful interference
to radio communications. However there is no guarantee that interferences will not occur in
a particular installation. If the equipment does cause harmful interference to radio or televi-
sion reception, the user is encouraged to try to correct the interference by one or more of the
following measures:

e Reorient or relocate the receiving antenna.

e Increase the distance between the equipment and the receiver.
¢ Use a different line outlet for the receiver.

e Consult a radio or TV technician for help.

You are cautioned that any changes or modifications not expressly approved in this manual
could void your authority to operate this equipment. The shielded interface cable recom-
mended in this manual must be used with this equipment in order to comply with the limits
for a computing device pursuant to Subpart B of Part 15 of FCC Rules.

For customers in Canada
This apparatus complies with the Class B limits for radio noise emissions set out in the Radio

Interference Regulations.

Pour utilisateurs au Canada
Cet appareil est conforme aux normes classe B pour bruits radioélectriques, spécifiées dans le

Réglement sur le brouillage radioélectrique.

Life support applications
These products are not designed for use in life support appliances, devices, or systems where

malfunction of these products can reasonably be expected to result in personal injury. Allied
customers using or selling these products for use in such applications do so at their own risk
and agree to fully indemnify Allied for any damages resulting from such improper use or sale.

Trademarks
Unless stated otherwise, all trademarks appearing in this document of Allied Vision

Technologies are brands protected by law.

Warranty
The information provided by Allied Vision Technologies is supplied without any guarantees or

warranty whatsoever, be it specific or implicit. Also excluded are all implicit warranties con-
cerning the negotiability, the suitability for specific applications or the non-breaking of laws
and patents. Even if we assume that the information supplied to us is accurate, errors and
inaccuracy may still occur.

Copyright

All texts, pictures and graphics are protected by copyright and other laws protecting intellec-
tual property. It is not permitted to copy or modify them for trade use or transfer, nor may
they be used on web sites.

Allied Vision Technologies GmbH 08/2008

All rights reserved.
Managing Director: Mr. Frank Grube
Tax ID: DE 184383113

Support:

Taschenweg 2A

D-07646 Stadtroda, Germany
Tel.: +49 (0)36428 6770

Fax: +49 (0)36428 677-28
e-mail: info@alliedvisiontec.com
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Contacting Allied Vision Technologies

Info

®

Technical information:
support@alliedvisiontec.com

phone (for Germany): +49 (0)36428 677-270

phone (for USA): +1 978-225-2030

outside Germany/USA: Please check the link for your
local dealer.
http://www.alliedvisiontec.com/partner.html

Ordering and commercial information:
customer-care@alliedvisiontec.com

phone (for Germany): +49 (0)36428 677-230

phone (for USA): +1 978-225-2030

outside Germany/USA: Please check the link for your
local dealer.
http://www.alliedvisiontec.com/partner.html

Please note order number/text given in the

AVT Modular Camera Concept.

STINGRAY Technical Manual vV2.2.0

10



Introduction / / /

Introduction

This STINGRAY Technical Manual describes in depth the technical specifica-
tions, dimensions, all camera features (IIDC standard and AVT smart fea-
tures) and their registers, trigger features, all video and color formats, band-
width and frame rate calculation.

For information on hardware installation, safety warnings, pin assignments
on I/0 connectors and 1394b connectors read the Hardware Installation

Guide.
Note Please read through this manual carefully.
We assume that you have read already the Hardware
@ Installation Guide and that you have installed the hard-
ware and software on your PC or laptop (FireWire card,
cables).
Document history
Version Date Remarks
V2.0.0 31.03.08 New Manual - RELEASE status
V2.1.0 23.05.08 New CAD drawings due to new flange in Chapter Camera dimen-

sions on page 56ff.

Added Appendix: Chapter Sensor position accuracy of AVT cam-
eras on page 298

Added direct fiber technology in Chapter STINGRAY cameras on
page 18

Added fiber cameras (1 x copper, 1 x GOF) and fiber power con-
sumption in all tables in Chapter Specifications on page 38ff.

Added Chapter Pulse-width modulation (Stingray housing and
Stingray board level models) on page 89ff.

Added Chapter Horizontal mirror function on page 108ff.
Added Chapter Shading correction on page 109

to be continued on next page

Table 1: Document history
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Introduction
Version Date Remarks
continued from last page
V2.1.0 23.05.08 Added 4 x and 8 x binning in
[continued] [continued] Chapter Binning (only Stingray b/w models and F-201C) on

page 119ff.

Added 2 out of 8 sub-sampling in Chapter Sub-sampling (Stin-
gray b/w and color) on page 125ff.

Changed Figure 83: Mapping of possible Format_7 modes to
F7M1...F7M7 on page 132

Added fiber models in Table 49: FIFO memory size on page 140
Added Chapter Temperature register on page 251

Added Shading control registers (0XF1000250, 0XF1000254,
0XF1000258) in Table 114: Advanced registers summary on
page 252ff.

Added Mirror image register (0XF1000410) in Table 114:
Advanced registers summary on page 252ff.

Added board level variants in Table 116: Camera type ID list on
page 256

Added Shading and Mirror image in Table 117: Advanced regis-
ter: Advanced feature inquiry on page 257

Added Chapter Shading correction on page 266ff.
Added Chapter Mirror image on page 277

Added Appendix Chapter Sensor position accuracy of AVT cam-
eras on page 298

Added 0x09 PWM in Table 28: Output routing on page 87

Added Chapter Board level camera: IEEE 1394b port pin assign-
ment on page 74

Added Chapter Board level camera: I/0 pin assignment on page
76

Added PWM feature in Chapter I0_OUTP_CTRL 1-4 on page 86ff.

Added Pulse-width modulation (Stingray housing and Stingray
board level models) on page 89

Added PWM feature in Table 28: Output routing on page 87.

to be continued on next page

Table 1: Document history
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Remarks

continued from last page

V2.1.0

[continued]

23.05.08

[continued]

[continued]

Added board level in Video formats, modes and bandwidth on
page 184ff.

Added board level (BL) in Table 116: Camera type ID list on
page 256

Added PWM in Table 117: Advanced register: Advanced feature
inquiry on page 257f.

Changed resolutions of Format_7 modes in Chapter Video for-
mats, modes and bandwidth on page 184ff.

Corrected RGB8 frame rates in Format_7 Mode_0 in Chapter
Video formats, modes and bandwidth on page 184ff.

Added frame rates for binning and sub-sampling modes in
Chapter Video formats, modes and bandwidth on page 184ff.

Added Chapter Sensor position accuracy of AVT cameras on
page 298

Changed provisions directive to 2004/108/EG in Chapter Dec-
larations of conformity on page 19.

V2.2.0

15.08.08

Corrected HIROSE connector in CAD drawings in Chapter Camera
dimensions on page 56ff.

Added cross-reference from upload LUT to GPDATA_BUFFER in
Chapter Loading a shading image into the camera on page 115

Added cross-reference from upload/download shading image
to GPDATA_BUFFER in:

- Chapter Loading a shading image out of the camera on
page 114

- Chapter Loading a shading image into the camera on
page 115

Added little endian vs. big endian byte order in Chapter
GPDATA_BUFFER on page 296

Added detailed cross-reference in Chapter Camera I/0 connec-
tor pin assignment on page 75

Added detailed level values of I/0s in Chapter Camera I/0 con-
nector pin assignment on page 75.

Rounded shutter speeds in Chapter Specifications on page 38.

to be continued on next page

Table 1: Document history
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Introduction
Version Date Remarks
continued from last page
V2.2.0 15.08.08 [continued]
[continued] [continued] Rounded offsets in Chapter Exposure time (shutter) and offset

on page 164f. and in Figure 94: Data flow and timing after end
of exposure on page 169.

Added new image of Stingray camera with two screws on either
side of the cameras for fixing the front flange:

- See title page

- See Figure 35: Fixing the front flange on page 69

New Stingray photo on title page (with new screws on either
side of camera)

New photo of LED positions in Figure 43: Position of status
LEDs on page 77

Table 1: Document history

Manual overview

This manual overview describes each chapter of this manual shortly.

Chapter Contacting Allied Vision Technologies on page 10 lists AVT con-

tact data for both:

- technical information / ordering

- commercial information

Chapter Introduction on page 11 (this chapter) gives you the document

history, a manual overview and conventions used in this manual (styles

and symbols). Furthermore you learn how to get more information on
how to install hardware (Hardware Installation Guide), available AVT
software (incl. documentation) and where to get it.

Chapter STINGRAY cameras on page 18 gives you a short introduction to

the STINGRAY cameras with their FireWire technology. Links are provided

to data sheets and brochures on AVT website.

Chapter Declarations of conformity on page 19 gives you information

about conformity of AVT cameras.

Chapter FireWire on page 20 describes the FireWire standard in detail,

explains the compatibility between 1394a and 1394b and explains

bandwidth details (incl. Stingray examples).

- Read and follow the FireWire hot-plug and screw-lock precau-
tions in Chapter FireWire hot-plug and screw-lock precautions on
page 33.

- Read Chapter Operating system support on page 34.

STINGRAY Technical Manual vV2.2.0
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Chapter Filter and lenses on page 35 describes the IR cut filter and suit-
able camera lenses.

Chapter Specifications on page 38 lists camera details and spectral sen-
sitivity diagrams for each camera type.

Chapter Camera dimensions on page 56 provides CAD drawings of stan-
dard housing (copper and GOF) models, tripod adapter, available angled
head models, cross sections of CS-Mount and C-Mount.

Chapter Camera interfaces on page 73 describes in detail the inputs/
outputs of the cameras (incl. Trigger features). For a general description
of the interfaces (FireWire and I/0 connector) see Hardware Installa-
tion Guide.

Chapter Description of the data path on page 95 describes in detail IIDC
conform as well as AVT-specific camera features.

Chapter Controlling image capture on page 156 describes trigger modi,
exposure time, one-shot/multi-shot/ISO_Enable features. Additionally
special AVT features are described: sequence mode and secure image
signature (SIS).

Chapter Video formats, modes and bandwidth on page 184 lists all avail-
able fixed and Format_7 modes (incl. color modes, frame rates, binning/
sub-sampling, AOI=area of interest).

Chapter How does bandwidth affect the frame rate? on page 214 gives
some considerations on bandwidth details.

Chapter Configuration of the camera on page 218 lists standard and
advanced register descriptions of all camera features.

Chapter Firmware update on page 297 explains where to get information
on firmware updates and explains the extended version number scheme
of FPGA/uC.

Chapter Appendix on page 298 lists the sensor position accuracy of AVT
cameras.

Chapter Index on page 299 gives you quick access to all relevant data in
this manual.

STINGRAY Technical Manual vV2.2.0
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Conventions used in this manual

To give this manual an easily understood layout and to emphasize important
information, the following typographical styles and symbols are used:

Styles
Style Function Example
Bold Programs, inputs or highlighting |bold
important things
Courier Code listings etc. Input
Upper case Register REGISTER
Ttalics Modes, fields Mode
Parentheses and/or blue Links (Link)
Table 2: Styles
Symbols
Note This symbol highlights important information.
Caution This symbol highlights important instructions. You have to
/ follow these instructions to avoid malfunctions.
www This symbol highlights URLs for further information. The URL

itself is shown in blue.

Example:

http://www.alliedvisiontec.com

STINGRAY Technical Manual vV2.2.0
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More information

For more information on hardware and software read the following:

® Hardware Installation Guide describes the hardware installation proce-
dures for all 1394 AVT cameras (Dolphin, Oscar, Marlin, Guppy, Pike,
Stingray). Additionally you get safety instructions and information
about camera interfaces (IEEE1394a/b copper and GOF, I/0 connectors,
input and output).

Note You find the Hardware Installation Guide on the product CD
in the following directory:

@ products\cameras-general

www All software packages (including documentation and
release notes) provided by AVT can be downloaded at:

T?” www.alliedvisiontec.com/avt-products/software.html

All software packages are also on AVT's product CD.

Before operation

We place the highest demands for quality on our cameras.

Target group. This Technical Manual is the guide to detailed technical information of the
camera and is written for experts.

Getting started. For a quick guide how to get started read Hardware Installation Guide first.

Note Please read through this manual carefully before operat-
ing the camera.

@ For information on AVT accessories and AVT software read
Hardware Installation Guide.

Caution Before operating any AVT camera read safety instructions
/ and ESD warnings in Hardware Installation Guide.

STINGRAY Technical Manual vV2.2.0
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Introduction

Note To demonstrate the properties of the camera, all examples in
this manual are based on the FirePackage OHCI API software

@ and the SmartView application.

www These utilities can be obtained from Allied Vision
Technologies (AVT). A free version of SmartView is available

-:?” for download at:

www.alliedvisiontec.com

Note The camera also works with all IIDC (formerly DCAM) compat-
ible IEEE 1394 programs and image processing libraries.

STINGRAY Technical Manual vV2.2.0
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STINGRAY cameras

Stingray

IEEE 1394b

Image applications

FireWire

With Stingray cameras, entry into the world of digital image processing is
simpler and more cost-effective than ever before.

With the new Stingray, Allied Vision Technologies presents a wide range of
cameras with IEEE 1394b interfaces. Moreover, with daisy chain as well as
direct fiber technology they gain the highest level of acceptance for demand-
ing areas of use in manufacturing industry.

Allied Vision Technologies can provide users with a range of products that
meet almost all the requirements of a very wide range of image applications.

The industry standard IEEE 1394 (FireWire or i.Link) facilitates the simplest
computer compatibility and bidirectional data transfer using the plug-and-
play process. Further development of the IEEE 1394 standard has already
made 800 Mbit/second possible — and the FireWire roadmap is already envis-
aging 1600 Mbit/second, with 3.2 Ghit/second as the next step. Investment
in this standard is therefore secure for the future; each further development
takes into account compatibility with the preceding standard, and vice versa,
meaning that IEEE 1394b is backward-compatible with IEEE 1394a. Your
applications will grow as technical progress advances.

Note For further information on FireWire read Chapter FireWire on
page 20.

www For further information on the highlights of Stingray types,

" the Stingray family and the whole range of AVT FireWire

-:?n cameras read the data sheets and brochures on the website
. , of Allied Vision Technologies:

www.alliedvisiontec.com

STINGRAY Technical Manual vV2.2.0
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Declarations of conformity

Allied Vision Technologies declares under its sole responsibility that the fol-
lowing products

Category name Model name

Digital camera (IEEE 1394) STINGRAY F-033B
STINGRAY F-033C
STINGRAY F-046B
STINGRAY F-046C
STINGRAY F-080B
STINGRAY F-080C
STINGRAY F-145B
STINGRAY F-145C
STINGRAY F-146B
STINGRAY F-146C
STINGRAY F-201B
STINGRAY F-201C

Table 3: Model names

to which this declaration relates are in conformity with the following stan-
dard(s) or other normative document(s):

® FCC Class B (Stingray board level cameras: prepared for FCC Class B)

e CE (Stingray board level cameras do not have CE)
(following the provisions of 2004/108/EG directive)

o RoHS (2002/95/EC)

STINGRAY Technical Manual vV2.2.0
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FireWire provides one of the most comprehensive, high-performance, cost-
effective solutions platforms. FireWire offers very impressive throughput at
very affordable prices.

Definition

FireWire (also known as i.Link or IEEE 1394) is a personal computer and
digital video serial bus interface standard, offering high-speed communica-
tions and isochronous real-time data services. FireWire has low implemen-
tation costs and a simplified and adaptable cabling system.

FireWire

Figure 1: FireWire Logo

IEEE 1394 standards

FireWire was developed by Apple Computer in the late 1990s, after work
defining a slower version of the interface by the IEEE 1394 working commit-
tee in the 1980s. Apple's development was completed in 1995. It is defined
in IEEE standard 1394 which is currently a composite of three documents:

e the original IEEE Std. 1394-1995

e the IEEE Std. 1394a-2000 amendment

e the IEEE Std. 1394b-2002 amendment

FireWire is used to connect digital cameras, especially in industrial systems
for machine vision.

Advantages over USB are:

e Faster effective speed

® Higher power distribution capabilities

e Multi-camera applications are easier to set up than in USB.

STINGRAY Technical Manual vV2.2.0
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Why use FireWire?

Digital cameras with on-board FireWire (IEEE 1394a or 1394b) communica-

tions conforming to the IIDC standard (V1.3 or V1.31) have created cost-

effective and powerful solutions options being used for thousands of differ-

ent applications around the world. FireWire is currently the premier robust

digital interface for industrial applications for many reasons, including:

® (uaranteed bandwidth features to ensure fail-safe communications

e Interoperability with multiple different camera types and vendors

® Diverse camera powering options, including single-cable solutions up to
45 W

e Effective multiple-camera solutions

® Llarge variety of FireWire accessories for industrial applications

® Availability of repeaters and optical fibre cabling

e Forwards and backward compatibility blending 1394a and 1394b

® Both real-time (isochronous) and demand-driven asynchronous data
transmission capabilities

FireWire in detail

Serial bus

Briefly summarized, FireWire is a very effective way to utilize a low-cost
serial bus, through a standardized communications protocol, that establishes
packetized data transfer between two or more devices. FireWire offers real
time isochronous bandwidth for image transfer with guaranteed low latency.
It also offers asynchronous data transfer for controlling camera parameters,
such as gain and shutter, on the fly. As illustrated in the diagram below,
these two modes can co-exist by using priority time slots for video data
transfer and the remaining time slots for control data transfer.

STINGRAY Technical Manual vV2.2.0
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Cycle Sync: 1394a
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Figure 2: 1394a data transmission
In case of 1394b no gaps are needed due to parallel arbitration, handled by

bus owner supervisor selector (BOSS) (see the following diagram). Whereas
1394a works in half duplex transmission, 1394 does full duplex transmission.

Cycle Sync: 1394b

Camera 1
Camera 2

Isochronous
Isochronous
Camera 3
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Asynchronous
Acknowledge
Asynchronous
Acknowledge

Parallel arbitration, handled by BOSS, can eliminate gaps

A

Nominal Cycle Period: 125ps -

Figure 3: 1394b data transmission

Additional devices may be added up to the overall capacity of the bus, but
throughput at guaranteed minimum service levels is maintained for all
devices with an acknowledged claim on the bus. This deterministic feature is
a huge advantage for many industrial applications where robust performance
is required. Such is the case when it is not acceptable to drop images within
a specific time interval.
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Note How to extend the size of an isochronous packet up to 11.000

byte at S800:

@ ® see register 0xF1000048, ADV_INQ_3, Max IsoSize [1]
in Table 117: Advanced register: Advanced feature
inquiry on page 257
e see Chapter Maximum ISO packet size on page 280

FireWire connection capabilities

FireWire can connect together up to 63 peripherals in an acyclic network
structure (hubs). It allows peer-to-peer device communication (between dig-
ital cameras), to take place without using system memory or the CPU.

But even more importantly, a FireWire camera can directly, via direct mem-
ory access (DMA), write into or read from the memory of the computer with
almost no CPU load.

FireWire also supports multiple hosts per bus. FireWire requires only a cable
with the correct number of pins on either end (normally 6 or 9). It is
designed to support plug-and-play and hot swapping. It can supply up to
45 W of power per port at 30 V, allowing high consumption devices to oper-
ate without a separate power cord.

Caution While supplying such an amount of bus power is clearly a

beneficial feature, it is very important not to exceed the
/ inrush current of 18 mJoule in 3 ms.
Higher inrush current may damage the Phy chip of the

camera and/or the Phy chip in your PC.

Capabilities of 1394a (FireWire 400)

FireWire 400 (S400) is able to transfer data between devices at 100, 200 or
400 MBit/s data rates. Although USB 2.0 claims to be capable of higher
speeds (480 Mbit/s), FireWire is, in practice, not slower than USB 2.0.

The 1394a capabilities in detail:

e 400 Mbit/s

® Hot-pluggable devices

® Peer-to-peer communications

® Direct Memory Access (DMA) to host memory

e (Guaranteed bandwidth

® Multiple devices (up to 45 W) powered via FireWire bus

IIDC V1.3 camera control standards

IIDC V1.3 released a set of camera control standards via 1394a which estab-
lished a common communications protocol on which most current FireWire
cameras are based.
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In addition to common standards shared across manufacturers, a special
Format_7 mode also provided a means by which a manufacturer could offer
special features (smart features), such as:

* higher resolutions
e higher frame rates
e diverse color modes

as extensions (advanced registers) to the prescribed common set.

Capabilities of 1394b (FireWire 800)

FireWire 800 (S800) was introduced commercially by Apple in 2003 and has
a 9-pin FireWire 800 connector (see details in Hardware Installation Guide
and in Chapter IEEE 1394b port pin assignment on page 73). This newer
1394b specification allows a transfer rate of 800 MBit/s with backward com-
patibilities to the slower rates and 6-pin connectors of FireWire 400.

The 1394b capabilities in detail:

e 800 Mbit/s

e All previous benefits of 1394a (see above)

e Interoperability with 1394a devices

® Longer communications distances (up to 500 m using GOF cables)

IIDC V1.31 camera control standards

Twinned with 1394b, the IIDC V1.31 standard arrived in January 2004, evolv-
ing the industry standards for digital imaging communications to include
I/0 and RS232 handling, and adding further formats. At such high band-
widths it has become possible to transmit high-resolution images to the PC’s
memory at very high frame rates.
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Compatibility between 1394a and 1394b

1394b port 1394b camera
13542 camera| 115943 port

1394a camera connected to 1394b bus 1394b camera connected to 1394a bus

The cable explains dual compatibility: This cable |The cable explains dual compatibility: In this case,
serves to connect an IEEE 1394a camera with its |the cable connects an IEEE 1394b camera with its
six-pin connector to a bilingual port (a port which |nine-pin connector to a 1394a port.

can talk in a- or b-language) of a 1394b bus. In this case the b-camera communicates in

In this case the b-bus communicates in a-language |a-language with the camera achieving
and a-speed with the camera achieving a-performance
a-performance

Figure 4: 1394a and 1394b cameras and compatibility

FireWire cable Description Ordering number
FireWire cable -2x Interlock | IEEE 1394a; (2x Interlock) 4.5 m with Ferrites, K1200064

for Marlin / Oscar / Guppy
FireWire cable -2x Interlock | IEEE 1394a; (2x Interlock) 10 m with Ferrites, K1200163

for Marlin / Oscar / Guppy

FireWire cable -2x Interlock | IEEE 1394a; (2x Interlock) 12.5 m with Ferrites, for |K1200165
Marlin / Oscar / Guppy

FireWire cable -2x Interlock | IEEE 1394a; (2x Interlock) 17.5 m with Ferrites, for |K1200162
Marlin / Oscar / Guppy

FireWire cable -1x Interlock | IEEE 1394a; (1x Interlock) 3.0 m, K1200167
for Marlin / Oscar / Guppy

FireWire cable -1x Interlock | IEEE 1394a; (1x Interlock) 4.5 m, K1200091
for Marlin / Oscar / Guppy

FireWire cable -1x Interlock | IEEE 1394a; (1x Interlock) 6.0 m, K1200160
for Marlin / Oscar / Guppy

FireWire cable -1x Interlock | IEEE 1394a; (1x Interlock) 10 m, K1200159

for Marlin / Oscar / Guppy

Table 4: 1394 locking cables

STINGRAY Technical Manual vV2.2.0
25



FireWire

FireWire cable

/1

Description Ordering number

Cable 0.5 m 9 pin - 6 pin, |IEEE 1394b/a; 9 pin (screw lock)/6 pin (latch), 0.5 m|K1200198

industrial

Cable 4.5 m 9 pin - 6 pin, |IEEE 1394b/a; 9 pin (screw lock)/6 pin (latch), 4.5 m|K1200171

industrial

Cable 0.5 m 9-pin - 9-pin, |IEEE 1394b; 2x screw lock, 0.5 m, black, 2x ferrite |K1200201

industrial

Cable 5.0 m 9-pin - 9-pin, |IEEE 1394b; 2x screw lock, 5.0 m, black, 2x ferrite |K1200133

industrial

Cable 7.5 m 9-pin - 9 pin, |IEEE 1394b; 2x screw lock, 7.5 m, black, 2x ferrite |K1200134

industrial

Table 4: 1394 locking cables

Compatibility example
It's possible to run a 1394a and a 1394b camera on the 1394b bus.

You can e.g. run a STINGRAY F-033B and a MARLIN F-033B on the same bus:

e STINGRAY F-033B @ S800 and 60 fps (2560 bytes per cycle, 32% of the
cycle slot)

e MARLIN F-033B @ S400 and 30 fps (1280 bytes, 32% of the cycle slot)

Bus runs at 800 Mbit/s for all devices. Data from Marlin’s port is up-converted

from 400 Mbit/s to 800 Mbit/s by data doubling (padding), still needing 32%

of the cycle slot time. This doubles the bandwidth requirement for this port,

as if the camera were running at 60 fps. Total consumption is thus
2560+ 2560 = 5120 bytes per cycle.
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Image transfer via 1394a and 1394b

Technical detail

Transmission mode

1394a
Half duplex (both pairs needed)
400 Mbit/s data rate

aka: a-mode, data/strobe (D/S)

mode, legacy mode

1394b
Full duplex (one pair needed)

1 Gbhit/s signaling rate, 800
Mbit/s data rate

10b/8b coding (Ethernet), aka:
b-mode (beta mode)

Devices

Up to 63 devices per network

Number of cameras

Up to 16 cameras per network

Number of DMAs

4 to 8 DMAs (parallel) cameras / bus

Real time capability

Image has rea

L time priority

Available bandwidth acc. IIDC
(per cycle 125 ps)

4096 bytes per cycle
~1000q @ 400 Mbit/s

8192 bytes per cycle

~ 2000q @ 800 Mbit/s
(@1 GHz clock rate)

For further detail read Chapter Frame rates on page 203.

Max. image bandwidth

31.25 MByte/s

62.5 MByte/s

Max. total bandwidth

~45 MByte/s

~85 MByte/s

Number of busses

Multiple busses per PC
limit: PCI bus

Multiple busses per PC
limit: PCI (Express) bus

CPU load

Almost none for D

MA image transfer

Gaps

Gaps negatively affect asynchro-
nous performance of widespread
network (round trip delay),
reducing efficiency

No gaps needed, BOSS mode for
parallel arbitration

Table 5: Technical detail comparison: 1394a and 1394b

Note

®

The bandwidth values refer to the fact:

1 MByte = 1024 kByte
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1394b bandwidths

According to the 1394b specification on isochronous transfer, the largest
recommended data payload size is 8192 bytes per 125 ps cycle at a band-
width of 800 Mbit/s.

Note Certain cameras may offer, depending on their settings in
combination with the use of AVT FirePackage higher packet

sizes.
@ Consult your local dealer's support team, if you require addi-
tional information on this feature.

For further details read Chapter How does bandwidth affect the frame rate?
on page 214.

Requirements for PC and 1394b

One Stingray camera connected to a PC’'s 1394b bus can saturate the standard
PCI bus.

1394b also requires low latency for data transmission (due to small receive-
FIFO). In order to get the most out of your camera-to-PC configuration, we
recommend the following chipsets for your PC:

® For Intel-based desktops, chipset 945 (or higher)

® For non-Intel based desktops (e.g. AMD), PCI Express compatible
chipset

www For more information:

D

For multi-camera applications one of the following bus cards is needed:

e PCI ExpressCard with potential 250 MByte/s per lane (up to 6 supported
by chipset) or

®  64-bit PCI-X card (160 MByte/s)

http://support.intel.com/support/chipsets/#desktop
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PCl Express*

Graphics

PCl Express*
! Graphics

PCl Express®

6 PCI Express” x1

Intel® Integrated
10/100/1000 MAC

Intel® Gigabit LAN Connect

Intel® Core™2 Extreme
Processor

| 10.6 GB/s

DDRZ OR DDR3
6.4 GB/s or 10.6 GB/fs

DDRZ OR DDR3

6.4 GB/s or 10.6 GB/fs

2 GBfs| DMI

Intel* High
Definition Audio

| Intel® Quiet System
Technology

BN Scrial ATA Ports; eSATA;

| Port Disable

|

Intel® Matrix
Storage Technology

BIOS Support Intel® Turbo Memory

I - Optional

Intel® X38 Express Chipset Block Diagram

Figure 5: Block diagram of modern PC (X38 chipset by INTEL)

Caution

N

As mentioned earlier, it is very important not to exceed an
inrush current of 18 mJoule in 3 ms. (This means that a
device, when powered via 12 V bus power must never draw
more than 1.5 A, even not in the first 3 ms.)

Higher inrush current may damage the physical interface
chip of the camera and/or the phy chip in your PC.

Whereas inrush current is not a problem for one Stingray cam-
era, daisy chaining multiple cameras or supplying bus power
via (optional) HIROSE power out to circuitry with unknown
inrush currents needs careful design considerations to be on
the safe side.
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Requirements for laptop and 1394b

As mentioned above, 1394b requires low latency for data transmission (small
receive-FIFQ). In order to get the most out of your camera-to-laptop config-
uration, we recommend the following chipset for your laptop:

® For Intel-based laptops, chipset 915 (or higher)

® For non-Intel based laptops (e.g. AMD), PCI Express compatible chipset
Because most laptops have (only) one PC-card interface, it is possible to con-

nect one Stingray camera to your laptop at full speed. Alternatively laptops
with an additional 1394 ExpressCard interface can be used.

Note Recent developments at Apple (TM) allow the INTEL based
Apple computers (both laptops as well as desktops) to run a
Win-0S. This makes it possible to use AVT 1394 camera tech-
nology with the same AVT-SDKs.

The following cardbus adapter for laptops allows the connection of two
industrial screw locking cables (obtainable at AVT).

screw lock

<—— Power in

Figure 6: Cardbus adapter with two screw locks (AVT order number E3000104)
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ExpressCard”

Figure 7: ExpressCard Logo, ExpressCard/54 (SIIG)

ExpressCard Technology vs. CardBus

33V 1.5V, 3.3 Vaux

Vo iy
Attach
Figure 8: ExpressCard technology
www ExpressCard is a new standard set by PCMCIA.

For more information visit:

‘gﬁ http://www.expresscard.org/web/site/

Example 1: 1394b bandwidth of Stingray cameras

STINGRAY model Resolution Frame rate Bandwidth

Stingray F-033 B/C 0.3 megapixel 84 fps 27.11 MByte/s
Stingray F-046 B/C 0.45 megapixel 61 fps 27.60 MByte/s
Stingray F-080 B/C 0.8 megapixel 31 fps 24.83 MByte/s
Stingray F-145 B/C 1.44 megapixel 16 fps 23.05 MByte/s

Table 6: Bandwidth of Stingray cameras
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STINGRAY model Resolution Frame rate Bandwidth
Stingray F-146 B/C 1.44 megapixel 15 fps 21.61 MByte/s
Stingray F-201 B/C 2 megapixel 14 fps 17.20 MByte/s

Table 6: Bandwidth of Stingray cameras

Note All data are calculated using Raw8 / Mono8 color mode.
Higher bit depths or color modes will double or triple band-

@ width requirements.

Example 2: More than one Stingray camera at full speed

Due to the fact that one Stingray camera can, depending on its settings, sat-
urate a 32-bit PCI bus, you are advised to use either a PCI Express card and/
or multiple 64-bit PCI bus cards, if you want to use 2 or more Stingray cam-
eras simultaneously (see the following table).

# cameras PC hardware required

1 Stingray camera at full speed 1 x 32-bit PCI bus card (85 MByte/s)
2 or more Stingray cameras at full PCI Express card and/or
speed Multiple 64-bit PCI bus cards

Table 7: Required hardware for multiple camera applications
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FireWire Plug & play capabilities

FireWire devices implement the ISO/IEC 13213 configuration ROM model for
device configuration and identification, to provide plug & play capability. All
FireWire devices are identified by an IEEE EUI-64 unique identifier (an exten-
sion of the 48-bit Ethernet MAC address format) in addition to well-known
codes indicating the type of device and protocols it supports. For further
details read Chapter Configuration of the camera on page 218.

FireWire hot-plug and screw-lock precautions

Caution

N

Hot-plug precautions

Although FireWire devices can theoretically be hot-
plugged without powering down equipment, we
strongly recommend turning the computer power off,
before connecting a digital camera to it via a FireWire
cable.

Static electricity or slight plug misalignment during
insertion may short-circuit and damage components.

The physical ports may be damaged by excessive ESD
(electrostatic discharge), when connected under pow-
ered conditions. It is good practice to ensure proper
grounding of computer case and camera case to the
same ground potential, before plugging the camera
cable into the port of the computer. This ensures that
no excessive difference of electrical potential exists
between computer and camera.

As mentioned earlier, it is very important not to exceed
the inrush energy of 18 mJoule in 3 ms. (This means
that a device, when powered via 12 V bus power must
NEVER draw more than 1.5 A, but only 0.5 A in the first
3 ms, assuming constant flow of current.)

Higher inrush current over longer periods may damage
the physical interface chip of the camera and/or the
phy chip in your PC. Whereas inrush current is not a
problem for one Stingray camera, daisy chaining multi-
ple cameras or supplying bus power via (optional)
HIROSE power out to circuitry with unknown inrush cur-
rents needs careful design considerations to be on the
safe side.

Screw-lock precautions

Also, all AVT 1394b camera and cables have industrial
screw-lock fasteners, to insure a tight electrical con-
nection that is resistant to vibration and gravity.

We strongly recommend using only 1394b adapter
cards with screw-locks.
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Operating system support

Operating system 1394a 1394b

Linux Full support Full support

Apple Mac 0S X Full support Full support

Windows XP With service pack 2 the default speed for 1394b is S100 (100 Mbit/s).

A download and registry modification is available from Microsoft to
restore performance to either S400 or S800.

http://support.microsoft.com/kb/885222
Alternatively use the drivers of SP1 instead.

We strongly recommend to install AVT FirePackage, which replaces
the Microsoft driver. (See AVT FirePackage User Guide for details.)

Windows Vista Full support from beginning Vista incl. SP1 supports 1394b
only with S400.

Contact Microsoft for further
information when S800 will be
supported.

Table 8: FireWire and operating systems
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IR cut filter: spectral transmission

The following illustration shows the spectral transmission of the IR cut filter:

Transmittance (T)
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All data are mean values of various melts

Figure 9: Spectral transmission of Hoya C5000

Note Stingray uses a different IR cut filter than the other AVT cam-

eras.
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Camera lenses

AVT offers different lenses from a variety of manufacturers. The following
table lists selected image formats in width x height depending on camera

type, distance and the focal length of the lens.

Focal length
for type 1/3 sensors

Stingray F-080

Distance = 500 mm

Distance = 1000 mm

4.8 mm 495 mm x 371 mm 995 mm x 746 mm
8 mm 295 mm x 221 mm 595 mm x 446 mm
12 mm 195 mm x 146 mm 395 mm x 296 mm
16 mm 145 mm x 109 mm 295 mm x 221 mm
25 mm 91 mm x 68 mm 187 mm x 140 mm
35 mm 64 mm x 48 mm 132 mm x 99 mm
50 mm 43 mm x 32 mm 91 mm x 68 mm

Table 9: Focal length vs. field of view (Stingray F-080)

Focal length
for type 1/2 sensors

Stingray F-033/046/146

Distance = 500 mm

Distance = 1000 mm

4.8 mm

660 mm x 495 mm

1327 mm x 995 mm

8 mm 394 mm x 295 mm 794 mm x 595 mm
12 mm 260 mm x 195 mm 527 mm x 395 mm
16 mm 194 mm x 145 mm 394 mm x 295 mm
25 mm 122 mm x 91 mm 250 mm x 187 mm
35 mm 85 mm x 64 mm 176 mm x 132 mm
50 mm 58 mm x 43 mm 122 mm x 91 mm

Table 10: Focal length vs. field of view (Stingray F-033/046/146)
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for type 1/1.8 sensors

Stingray F-201

Distance = 500 mm
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Distance = 1000 mm

4.8 mm

740 mm x 549 mm

1488 mm x 1103 mm

8 mm 441 mm x 327 mm 890 mm x 660 mm
12 mm 292 mm x 216 mm 591 mm x 438 mm
16 mm 217 mm x 161 mm 441 mm x 327 mm
25 mm 136 mm x 101 mm 280 mm x 207 mm
35 mm 95 mm x 71 mm 198 mm x 147 mm
50 mm 65 mm x 48 mm 136 mm x 101 mm

Focal length

for type 2/3 sensors

Stingray F-145

Table 11: Focal length vs. field of view (Stingray F-201)

Distance = 500 mm

Distance = 1000 mm

4.8 mm

908 mm x 681 mm

1825 mm x 1368 mm

8 mm 541 mm x 406 mm 1091 mm x 818 mm
12 mm 358 mm x 268 mm 725 mm x 543 mm
16 mm 266 mm x 200 mm 541 mm x 406 mm
25 mm 167 mm x 125 mm 343 mm x 257 mm
35 mm 117 mm x 88 mm 243 mm x 182 mm
50 mm 79 mm x 59 mm 167 mm x 125 mm

Table 12: Focal length vs. field of view (Stingray F-145)

Note

®

Lenses with focal lengths < 8 mm may show shading in the
edges of the image and due to micro lenses on the sensor's

pixel.

Ask your dealer if you require non C-Mount lenses.
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Specifications

For information on bit/pixel and byte/pixel for each color
mode see Table 92: ByteDepth on page 215.

®

STINGRAY F-033B/C (fiber)

Feature

Image device

Specification

Type 1/2 (diag. 8 mm) progressive scan SONY IT CCD ICX414AL/AQ with
HAD microlens

Chip size

7.48 mm x 6.15 mm

Cell size

9.9 um x 9.9 pm

Picture size (max.)

656 x 492 pixels (Format_7 Mode_0)

Lens mount Adjustable C-Mount: 17.526 mm (in air); @ 25.4 mm (32 tpi)
mechanical flange back to filter distance: 9.3 mm
(see Figure 34: Stingray C-Mount dimensions on page 68)
Adjustable CS-Mount: 12.526 mm (in air), @ 25.4 mm (32 tpi)
mechanical flange back distance: 7.3 mm
(see Figure 33: Stingray CS-Mount dimensions on page 67)
ADC 14 bit

Color modes

Only color: Raw8, Raw12, Raw16, Mono8, YUV422, YUV411, RGB8

Frame rates

1.875 fps; 3.75 fps; 7.5 fps; 15 fps; 30 fps; 60 fps
Up to 84 fps in Format_7

Gain control

Manual: 0-24.4 dB (0.0359 dB/step); auto gain (select. AOI)

Shutter speed

31 ps ... 67,108,864 us (~67s); auto shutter (select. AOI)

External trigger shutter

Programmable, trigger level control, single trigger,
bulk trigger, programmable trigger delay

Internal FIFO memory

32 MByte, up to 50 frames

Look-up tables

User programmable (12 bit = 10 bit); default gamma (0.45)

Table 13: Specification STINGRAY F-033B/C (fiber)
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Feature Specification

Smart functions

AGC (auto gain control), AEC (auto exposure control), real-time shad-
ing correction, LUT, 32 MByte image memory, mirror, binning (only
b/w), sub-sampling, High SNR, deferred image transport, SIS (secure
image signature), sequence mode, 4 storable user sets

only color: AWB (auto white balance), color correction, hue, satura-
tion, sharpness

Two configurable inputs, four configurable outputs
RS-232 port (serial port, IIDC V1.31)

Transfer rate

100 Mbit/s, 200 Mbit/s, 400 Mbit/s, 800 Mbit/s

Digital interface

IEEE 1394b (IIDC V1.31), 2 x copper connectors (bilingual) (daisy
chain)

fiber: IEEE 1394b, 2 connectors: 1 x copper (bilingual), 1 x GOF con-
nector (2 x optical fiber on LCLC), (daisy chain)

Power requirements

DC 8V - 36 V via IEEE 1394 cable or 12-pin HIROSE

Power consumption

Typical <3.5 watt (@ 12 V DC); fiber: typical <4 watt (@ 12 V DC)

(full resolution and maximal frame rates)

Dimensions 72.8 mm x 44 mm x 29 mm (L x W x H); incl. connectors, without tripod
and lens
Mass 92 g (without lens)

Operating temperature

+5 °C... + 45 °C ambient temperature (without condensation)

Storage temperature

- 10 °C ... + 60 °C ambient temperature (without condensation)

Regulations

CE, FCC Class B, RoHS (2002/95/EC)

Standard accessories

b/w: protection glass

color: IR cut filter

Optional accessories

b/w: IR cut filter, IR pass filter

color: protection glass

On request

Host adapter card, angled head, power out (HIROSE)

Software packages

API (FirePackage, Active FirePackage, Fire4Linux)

Table 13: Specification STINGRAY F-033B/C (fiber)

Note The design and specifications for the products described

above may change without notice.
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STINGRAY F-046B/C (fiber)

Feature Specification

Image device

Type 1/2 (diag. 8 mm) progressive scan SONY IT CCD ICX415AL/AQ with
HAD microlens

Chip size

7.48 mm x 6.15 mm

Cell size

8.3 um x 8.3 pm

Picture size (max.)

780 x 580 pixels (Format_7 Mode_0)

Lens mount Adjustable C-Mount: 17.526 mm (in air); @ 25.4 mm (32 tpi)
mechanical flange back to filter distance: 9.3 mm
(see Figure 34: Stingray C-Mount dimensions on page 68)
Adjustable CS-Mount: 12.526 mm (in air), @ 25.4 mm (32 tpi)
mechanical flange back distance: 7.3 mm
(see Figure 33: Stingray CS-Mount dimensions on page 67)
ADC 14 bit

Color modes

Only color: Raw8, Raw12, Raw16, Mono8, YUV422, YUV411, RGBS

Frame rates

1.875 fps; 3.75 fps; 7.5 fps; 15 fps; 30 fps; 60 fps
Up to 61 fps in Format_7

Gain control

Manual: 0-24.4 dB (0.0359 dB/step); auto gain (select. AOI)

Shutter speed

31 ps ... 67,108,864 ps (~67s); auto shutter (select. AOI)

External trigger shutter

Programmable, trigger level control, single trigger,
bulk trigger, programmable trigger delay

Internal FIFO memory

32 MByte, up to 35 frames

Look-up tables

User programmable (12 bit > 10 bit); default gamma (0.45)

Smart functions

AGC (auto gain control), AEC (auto exposure control), real-time shad-
ing correction, LUT, 32 MByte image memory, mirror, binning (only
b/w), sub-sampling, High SNR, deferred image transport, SIS (secure
image signature), sequence mode, 4 storable user sets

Only color: AWB (auto white balance), color correction, hue, satura-
tion

Two configurable inputs, four configurable outputs
RS-232 port (serial port, IIDC V1.31)

Transfer rate

100 Mbit/s, 200 Mbit/s, 400 Mbit/s, 800 Mbit/s

Digital interface

IEEE 1394b (IIDC V1.31), 2 x copper connectors (bilingual) (daisy
chain)

fiber: IEEE 1394b, 2 connectors: 1 x copper (bilingual), 1 x GOF con-
nector (2 x optical fiber on LCLC), (daisy chain)

Power requirements

DC 8 V- 36 V via IEEE 1394 cable or 12-pin HIROSE

Table 14: Specification STINGRAY F-046B/C (fiber)
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Feature Specification

Power consumption Typical <3.5 watt (@ 12 V DC); fiber: typical <4 watt (@ 12 V DC)

(full resolution and maximal frame rates)

Dimensions 72.8 mm x 44 mm x 29 mm (L x W x H); incl. connectors, w/o tripod
and lens

Mass 92 g (without lens)

Operating temperature +5 °C... + 45 °C ambient temperature (without condensation)

Storage temperature - 10 °C... + 60 °C ambient temperature (without condensation)

Regulations CE, FCC Class B, RoHS (2002/95/EC)

Standard accessories b/w: protection glass

color: IR cut filter

Optional accessories b/w: IR cut filter, IR pass filter

color: protection glass
On request Host adapter card, angled head, power out (HIROSE)
Software packages API (FirePackage, Active FirePackage, Fire4Linux)

Table 14: Specification STINGRAY F-046B/C (fiber)

Note The design and specifications for the products described

above may change without notice.
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STINGRAY F-080B/C (fiber)

Feature Specification

Image device

Type 1/3 (diag. 6 mm) progressive scan SONY IT CCD ICX204AL/AK with
HAD microlens

Chip size

5.80 mm x 4.92 mm

Cell size

4.65 pm X 4.65 pm

Picture size (max.)

1032 x 776 pixels (Format_7 Mode_0)

Lens mount Adjustable C-Mount: 17.526 mm (in air); @ 25.4 mm (32 tpi)
mechanical flange back to filter distance: 9.3 mm
(see Figure 34: Stingray C-Mount dimensions on page 68)
Adjustable CS-Mount: 12.526 mm (in air), @ 25.4 mm (32 tpi)
mechanical flange back distance: 7.3 mm
(see Figure 33: Stingray CS-Mount dimensions on page 67)
ADC 14 bit

Color modes

Only color: Raw8, Raw12, Raw16, Mono8, YUV422, YUV411, RGBS

Frame rates

1.875 fps; 3.75 fps; 7.5 fps; 15 fps; 30 fps; 60 fps
Up to 31 fps in Format_7

Gain control

Manual: 0-24.4 dB (0.0359 dB/step); auto gain (select. AOI)

Shutter speed

49 ps ... 67,108,864 ps (~67s); auto shutter (select. AOI)

External trigger shutter

Programmable, trigger level control, single trigger,
bulk trigger, programmable trigger delay

Internal FIFO memory

32 MByte, up to 19 frames

Look-up tables

User programmable (12 bit > 10 bit); default gamma (0.45)

Smart functions

AGC (auto gain control), AEC (auto exposure control), real-time shad-
ing correction, LUT, 32 MByte image memory, mirror, binning (only
b/w), sub-sampling, High SNR, deferred image transport, SIS (secure
image signature), sequence mode, 4 storable user sets

only color: AWB (auto white balance), color correction, hue, satura-
tion, sharpness

Two configurable inputs, four configurable outputs
RS-232 port (serial port, IIDC V1.31)

Transfer rate

100 Mbit/s, 200 Mbit/s, 400 Mbit/s, 800 Mbit/s

Digital interface

IEEE 1394b (IIDC V1.31), 2 x copper connectors (bilingual) (daisy
chain)

fiber: IEEE 1394b, 2 connectors: 1 x copper (bilingual), 1 x GOF con-
nector (2 x optical fiber on LCLC), (daisy chain)

Power requirements

DC 8 V- 36 V via IEEE 1394 cable or 12-pin HIROSE

Table 15: Specification STINGRAY F-080B/C fiber
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Feature Specification

Power consumption Typical <3.5 watt (@ 12 V DC); fiber: typical <4 watt (@ 12 V DC)

(full resolution and maximal frame rates)

Dimensions 72.8 mm x 44 mm x 29 mm (L x W x H); incl. connectors, w/o tripod
and lens

Mass 92 g (without lens)

Operating temperature +5 °C... + 45 °C ambient temperature (without condensation)

Storage temperature - 10 °C... + 60 °C ambient temperature (without condensation)

Regulations CE, FCC Class B, RoHS (2002/95/EC)

Standard accessories b/w: protection glass

color: IR cut filter

Optional accessories b/w: IR cut filter, IR pass filter

color: protection glass
On request Host adapter card, angled head, power out (HIROSE)
Software packages API (FirePackage, Active FirePackage, Fire4Linux)

Table 15: Specification STINGRAY F-080B/C fiber

Note The design and specifications for the products described

above may change without notice.
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STINGRAY F-145B/C (fiber)

Feature Specification

Image device

Type 2/3 (diag. 11 mm) progressive scan SONY IT CCD ICX285AL/AQ
with EXview HAD microlens

Chip size

10.2 mm x 8.3 mm

Cell size

6.45 pm x 6.45 pm

Picture size (max.)

1388 x 1038 pixels (Format_7 Mode_0)

Lens mount Adjustable C-Mount: 17.526 mm (in air); @ 25.4 mm (32 tpi)
mechanical flange back to filter distance: 9.3 mm
(see Figure 34: Stingray C-Mount dimensions on page 68)
Adjustable CS-Mount: 12.526 mm (in air), @ 25.4 mm (32 tpi)
mechanical flange back distance: 7.3 mm
(see Figure 33: Stingray CS-Mount dimensions on page 67)
ADC 14 bit

Color modes

Only color: Raw8, Raw12, Raw16, Mono8, YUV422, YUV411, RGBS

Frame rates

1.875 fps; 3.75 fps; 7.5 fps; 15 fps; 30 fps; 60 fps
Up to 16 fps in Format_7

Gain control

Manual: 0-24.4 dB (0.0359 dB/step); auto gain (select. AOI)

Shutter speed

74 ps ... 67,108,864 ps (~67s); auto shutter (select. AOI)

External trigger shutter

Programmable, trigger level control, single trigger,
bulk trigger, programmable trigger delay

Internal FIFO memory

32 MByte, up to 10 frames

Look-up tables

User programmable (12 bit > 10 bit); default gamma (0.45)

Smart functions

AGC (auto gain control), AEC (auto exposure control), real-time shad-
ing correction, LUT, 32 MByte image memory, mirror, binning (only
b/w), sub-sampling, High SNR, deferred image transport, SIS (secure
image signature), sequence mode, 4 storable user sets

only color: AWB (auto white balance), color correction, hue, satura-
tion, sharpness

Two configurable inputs, four configurable outputs
RS-232 port (serial port, IIDC V1.31)

Transfer rate

100 Mbit/s, 200 Mbit/s, 400 Mbit/s, 800 Mbit/s

Digital interface

IEEE 1394b (IIDC V1.31), 2 x copper connectors (bilingual) (daisy
chain)

fiber: IEEE 1394b, 2 connectors: 1 x copper (bilingual), 1 x GOF con-
nector (2 x optical fiber on LCLC), (daisy chain)

Power requirements

DC 8 V - 36 V via IEEE 1394 cable or 12-pin HIROSE

Table 16: Specification STINGRAY F-145B/C (fiber)
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Feature Specification

Power consumption Typical <3.5 watt (@ 12 V DC); fiber: typical <4 watt (@ 12 V DC)

(full resolution and maximal frame rates)

Dimensions 72.8 mm x 44 mm x 29 mm (L x W x H); incl. connectors, w/o tripod
and lens

Mass 92 g (without lens)

Operating temperature +5 °C... + 45 °C ambient temperature (without condensation)

Storage temperature - 10 °C... + 60 °C ambient temperature (without condensation)

Regulations CE, FCC Class B, RoHS (2002/95/EC)

Standard accessories b/w: protection glass

color: IR cut filter

Optional accessories b/w: IR cut filter, IR pass filter

color: protection glass
On request Host adapter card, angled head, power out (HIROSE)
Software packages API (FirePackage, Active FirePackage, Fire4Linux)

Table 16: Specification STINGRAY F-145B/C (fiber)

Note The design and specifications for the products described

above may change without notice.
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STINGRAY F-146B/C (fiber)

Feature Specification

Image device

Type 1/2 (diag. 8 mm) progressive scan SONY IT CCD ICX267AL/AK with
HAD microlens

Chip size

7.60 mm x 6.20 mm

Cell size

4.65 pm X 4.65 pm

Picture size (max.)

1388 x 1038 pixels (Format_7 Mode_0)

Lens mount Adjustable C-Mount: 17.526 mm (in air); @ 25.4 mm (32 tpi)
mechanical flange back to filter distance: 9.3 mm
(see Figure 34: Stingray C-Mount dimensions on page 68)
Adjustable CS-Mount: 12.526 mm (in air), @ 25.4 mm (32 tpi)
mechanical flange back distance: 7.3 mm
(see Figure 33: Stingray CS-Mount dimensions on page 67)
ADC 14 bit

Color modes

Only color: Raw8, Raw12, Raw16, Mono8, YUV422, YUV411, RGBS

Frame rates

1.875 fps; 3.75 fps; 7.5 fps; 15 fps; 30 fps; 60 fps
Up to 15 fps in Format_7

Gain control

Manual: 0-24.4 dB (0.0359 dB/step); auto gain (select. AOI)

Shutter speed

39 ps ... 67,108,864 ps (~67s); auto shutter (select. AOI)

External trigger shutter

Programmable, trigger level control, single trigger,
bulk trigger, programmable trigger delay

Internal FIFO memory

32 MByte, up to 10 frames

Look-up tables

User programmable (12 bit > 10 bit); default gamma (0.45)

Smart functions

AGC (auto gain control), AEC (auto exposure control), real-time shad-
ing correction, LUT, 32 MByte image memory, mirror, binning (only
b/w), sub-sampling, High SNR, deferred image transport, SIS (secure
image signature), sequence mode, 4 storable user sets

only color: AWB (auto white balance), color correction, hue, satura-
tion, sharpness

Two configurable inputs, four configurable outputs
RS-232 port (serial port, IIDC V1.31)

Transfer rate

100 Mbit/s, 200 Mbit/s, 400 Mbit/s, 800 Mbit/s

Digital interface

IEEE 1394b (IIDC V1.31), 2 x copper connectors (bilingual) (daisy
chain)

fiber: IEEE 1394b, 2 connectors: 1 x copper (bilingual), 1 x GOF con-
nector (2 x optical fiber on LCLC), (daisy chain)

Power requirements

DC 8 V- 36 V via IEEE 1394 cable or 12-pin HIROSE

Table 17: Specification STINGRAY F-146B/C (fiber)
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Feature Specification

Power consumption Typical <3.5 watt (@ 12 V DC); fiber: typical <4 watt (@ 12 V DC)

(full resolution and maximal frame rates)

Dimensions 72.8 mm x 44 mm x 29 mm (L x W x H); incl. connectors, w/o tripod
and lens

Mass 92 g (without lens)

Operating temperature +5 °C... + 45 °C ambient temperature (without condensation)

Storage temperature - 10 °C... + 60 °C ambient temperature (without condensation)

Regulations CE, FCC Class B, RoHS (2002/95/EC)

Standard accessories b/w: protection glass

color: IR cut filter

Accessories b/w: IR cut filter, IR pass filter

color: protection glass
On request Host adapter card, angled head, power out (HIROSE)
Software packages API (FirePackage, Active FirePackage, Fire4Linux)

Table 17: Specification STINGRAY F-146B/C (fiber)

Note The design and specifications for the products described

above may change without notice.
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STINGRAY F-201B/C (fiber)

Feature Specification

Image device

Type 1/1.8 (diag. 8.923 mm) progressive scan SONY IT CCD ICX274AL/
AQ with Super HAD microlens

Chip size

8.50 mm x 6.80 mm

Cell size

4.40 pm X 4.40 pm

Picture size (max.)

1624 x 1234 pixels (Format_7 Mode_0)

Lens mount Adjustable C-Mount: 17.526 mm (in air); @ 25.4 mm (32 tpi)
mechanical flange back to filter distance: 9.3 mm
(see Figure 34: Stingray C-Mount dimensions on page 68)
Adjustable CS-Mount: 12.526 mm (in air), @ 25.4 mm (32 tpi)
mechanical flange back distance: 7.3 mm
(see Figure 33: Stingray CS-Mount dimensions on page 67)
ADC 14 bit

Color Modes

Only color: Raw8, Raw12, Raw16, Mono8, YUV422, YUV411, RGBS

Frame rates

1.875 fps; 3.75 fps; 7.5 fps; 15 fps; 30 fps; 60 fps
Up to 14 fps in Format_7

Gain control

Manual: 0-24.4 dB (0.0359 dB/step); auto gain (select. AOI)

Shutter speed

48 ps ... 67,108,864 ps (~67s); auto shutter (select. AOI)

External trigger shutter

Programmable, trigger level control, single trigger,
bulk trigger, programmable trigger delay

Internal FIFO memory

32 MByte, up to 7 frames

Look-up tables

User programmable (12 bit > 10 bit); default gamma (0.45)

Smart functions

AGC (auto gain control), AEC (auto exposure control), real-time shad-
ing correction, LUT, 32 MByte image memory, mirror, binning, sub-sam-
pling, High SNR, deferred image transport, SIS (secure image
signature), sequence mode, 4 storable user sets

only color: AWB (auto white balance), color correction, hue, satura-
tion, sharpness

Two configurable inputs, four configurable outputs
RS-232 port (serial port, IIDC V1.31)

Transfer rate

100 Mbit/s, 200 Mbit/s, 400 Mbit/s, 800 Mbit/s

Digital interface

IEEE 1394b (IIDC V1.31), 2 x copper connectors (bilingual) (daisy
chain)

fiber: IEEE 1394b, 2 connectors: 1 x copper (bilingual), 1 x GOF con-
nector (2 x optical fiber on LCLC), (daisy chain)

Power requirements

DC 8 V- 36 V via IEEE 1394 cable or 12-pin HIROSE

Table 18: Specification STINGRAY F-201B/C (fiber)
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Feature Specification

Power consumption Typical <3.5 watt (@ 12 V DC); fiber: typical <4 watt (@ 12 V DC)
(full resolution and maximal frame rates)
Dimensions 72.8 mm x 44 mm x 29 mm (L x W x H); incl. connectors, w/o tripod
and lens
Mass 92 g (without lens)
Operating temperature +5 °C... + 45 °C ambient temperature (without condensation)
Storage temperature - 10 °C... + 60 °C ambient temperature (without condensation)
Regulations CE, FCC Class B, RoHS (2002/95/EC)
Standard accessories b/w: protection glass
color: IR cut filter
Optional accessories b/w: IR cut filter, IR pass filter
color: protection glass
On request Host adapter card, angled head, power out (HIROSE)
Software packages API (FirePackage, Active FirePackage, Fire4Linux)

Table 18: Specification STINGRAY F-201B/C (fiber)

Note The design and specifications for the products described

above may change without notice.
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Figure 11: Spectral sensitivity of Stingray F-033C (without IR cut filter)
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Figure 13: Spectral sensitivity of Stingray F-046C (without IR cut filter)
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Specifications
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Relative Response
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Figure 21: Spectral sensitivity of Stingray F-201C (without IR cut filter)

STINGRAY Technical Manual vV2.2.0

55



Camera dimensions / / /

Camera dimensions

Note For information on sensor position accuracy:
(sensor shift x/y, optical back focal length z and sensor rota-
@ tion a) see Chapter Sensor position accuracy of AVT cameras
on page 298.

STINGRAY standard housing (2 x 1394b copper)
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Stingray (2x IEEE 1394b)
72.8 x 44 x 29 (L x W x H)

Figure 22: Camera dimensions (2 x 1394b copper)
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STINGRAY (1394b: 1 x GOF, 1 x copper)
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Figure 23: Camera dimensions (1394b: 1 x GOF, 1 x copper)
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Tripod adapter

This five hole tripod adapter (AVT order number E 5000007) ...

e ... can be used for Stingray as well as for Marlin. The original four hole
adapter of the Marlin should not be used with Stingray.

e ...is only designed for standard housings, but not for the angled head
versions.

Note If you need a tripod adapter for angled head versions,

please contact AVT support.

‘ @3.4 (5x)

32

o

o

o
o

[s2]
—

UNC 1/4-20, 8 mm thread depth
M6, 6 mm thread depth (2x)

10

—

Body size: 56 mm x 32 mm x 10 mm (L x W x H)

Figure 24: Tripod dimensions
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Stingray W90 (2 x 1394b copper)

This version has the sensor tilted by 90 degrees clockwise, so that it views
upwards.
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Figure 25: Stingray W90 (2 x 1394b copper)
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Stingray W90 (1394b: 1 x GOF, 1 x copper)

upwards.

This version has the sensor tilted by 90 degrees clockwise, so that it views
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Figure 26: Stingray W90 (1394b: 1 x GOF, 1 x copper)
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Stingray W90 S90 (2 x 1394b copper)

This version has the sensor tilted by 90 degrees clockwise, so that it views
upwards.

The sensor is also rotated by 90 degrees clockwise.
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Figure 27: Stingray W90 S90 (2 x 1394b copper)
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Stingray W90 S90 (1394b: 1 x GOF, 1 x copper)

This version has the sensor tilted by 90 degrees clockwise, so that it views
upwards.

The sensor is also rotated by 90 degrees clockwise.
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Figure 28: Stingray W90 S90 (1394b: 1 x GOF, 1 x copper)
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Stingray W270 (2 x 1394b copper)

This version has the sensor tilted by 270 degrees clockwise, so that it views
downwards.
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Figure 29: Stingray W270 (2 x 1394b copper)
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Stingray W270 (1394b: 1 x GOF, 1 x copper)

This version has the sensor tilted by 270 degrees clockwise, so that it views

downwards.
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Vision Technologies

Stingray W270 S90 (2 x 1394b copper)

This version has the sensor tilted by 270 degrees clockwise, so that it views
downwards.

The sensor is also rotated by 90 degrees clockwise.
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Figure 31: Stingray W270 S90 (2 x 1394b copper)
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Camera dimensions

C-Mount
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downwards.

Stingray W270 S90 (1394b: 1 x GOF, 1 x copper)

/1

This version has the sensor tilted by 270 degrees clockwise, so that it views

The sensor is also rotated by 90 degrees clockwise.
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Figure 32: Stingray W270 S90 (1394b: 1 x GOF, 1 x copper)
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Cross section: CS-Mount

All Stingray cameras can be delivered with CS-Mount.

7.8

Filter / protection glass

[

12.526 = CS-Mount

Adjustment spacer

Figure 33: Stingray CS-Mount dimensions

Note Pay attention to the maximum sensor size of the applied CS-

Mount lens.
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Cross section: C-Mount

e All monochrome Stingrays are equipped with the same model of protec-

tion glass.

e All color Stingrays are equipped with the same model of IR cut filter.

10.3

Filter / protection glass

17.526 = C-Mount

Adjustment spacer

Figure 34: Stingray C-Mount dimensions
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Adjustment of C-Mount and CS-Mount

The dimensional adjustment is done by means of the adjustment spacer(s) as
shown in Figure 33: Stingray CS-Mount dimensions on page 67 and in Figure
34: Stingray C-Mount dimensions on page 68.

After dismantling and reassembling please make sure that all adjustment
spacers are back on place.

Caution

While dismantling adjustment spacers may get out of place
and get in the thread. To avoid this:

Hold the camera with the sensor down, put the adjust-
ment spacers on top of the adapter and screw camera and
adapter together.

For all customers who know the C-Mount adjustment proce-
dure from Pike and Oscar cameras:

As mentioned above: adjustment of C-/CS-Mount with
Stingray cameras is done by means of adjustment spacers
(and not by two screws as with Pike/Oscar cameras).

The two screws on either side of the Stingray cameras are for
fixing the front flange.

fixing the front flange

Figure 35: Fixing the front flange
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Camera dimensions

Stingray board level: dimensions

FFC45 cable

13-pole connector

@ P e Al LLLLLLA =
R OI |l| |0-AD-Board
pas 6 r—lﬁj e
P t
| processor board
; interface board
©
=
2x IEEE 1394b
' 5\ spacer M2x10 (4x) sensor board
27 C-Mount adapter
2 . 25
o Sensor - Pinl «
— ) T \ 23 mm
|13 & .,O '.H'o..L
o r . G

o

<
2x HOLE N L

— ) 29mmPTH (£ ||
23 2 o 12 |65

41

Figure 36: Stingray board level dimensions

Pixel 1,1
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Stingray board level: CS-Mount

M2x14 1ISO7045-A2 (2x;

CS-Mount adapter with filter
or protection glas

Spacer, 3.2 mm (2x]

front flange

top contacts!

bottom contacts!
M2x8 1IS04762-A2 (4x,

M2x10 1SO7045-A2 (2x)
Camera =

Figure 37: Stingray board level: CS-Mount
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Stingray board level: C-Mount

M2x14 1ISO7045-A2 (2x;

C-Mount adapter with filter
or protection glas

spacer, 3.2 mm (2x)

,
(=)

front flange

bottom contacts!
M2x8 1ISO4762-A2 (4x

Figure 38: Stingray board level: C-Mount
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Camera interfaces

This chapter gives you detailed information on status LEDs, inputs and out-
puts, trigger features and transmission of data packets.

Note For a detailed description of the camera interfaces

— (FireWire, I/0 connector), ordering numbers and operat-
ing instructions see the Hardware Installation Guide,
Chapter Camera interfaces.

Read all Notes and Cautions in the Hardware Installation
Guide, before using any interfaces.

IEEE 1394b port pin assignment

The IEEE 1394b connector is designed for industrial use and has the following
pin assignment as per specification:

TPB-

TPB+

TPA-

TPA+

TPA (Reference ground)
VG (GND)

N.C.

VP (Power, VCC)

TPB (Reference ground)

43|—|21

5 6 7 8 9

O| O N O U1 | W DN =

Figure 39: IEEE 1394b connector

Note e Both IEEE 1394b connectors with screw lock mecha-
nism provide access to the IEEE 1394 bus and thus
makes it possible to control the camera and output
frames. Connect the camera by using either of the con-

nectors. The other connector can be used to daisy chain
a second camera.

e (ables with latching connectors on one or both sides
can be used and are available with lengths of 5 m or
7.5 m. Ask your local dealer for more details.
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Board level camera: IEEE 1394b port pin
assignment

Board level STINGRAY cameras have two 1394b ports to allow daisy chaining
of cameras.

They have the same pin assignment as the STINGRAY housing cameras.

13-pole connector FFC45 cable

FFC45 cable length:

FFC45L- 34mm K7500284 ; AD-
FFC45L~ 56 mm K7500307 g] ﬂilll r—lﬁ': 10-AD-Board
FFC45L - 75mm K7500308 S processor board

FFC45L = 90 mm K7500317
FFC45L =110 mm K7500318

14.8

1.2

15

interface board
27 C-Mount adapter

~
o
2x IEEE 1394b M
@ — spacer M2x10 (4x sensor board
J 2 2 25
1 :
L\
—
(=]
S
L

0 oL

33 L - —
2x HOLE " s
’j 2.9mm PTH }—ﬁ» o XM o (]
[3Y]
r\ 23 2 12|65
41\\
1in
J2
——— 1]
M = PCB Spacer M2x5
GNDChassis
G
NA
IN

N\

AR A A=A

[ |
36
Assaaasama

—~

[l
Il
1in
]3
0—| 1
M E—X PCB Spacer M2x5

- GNDChassis
GND

Figure 40: Board level camera: two IEEE 1394b FireWire connectors
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Camera 1/0 connector pin assignment

(For board level see Chapter Board level camera: I/0 pin assignment on page 76)

Pin Signal Direction Description
1 |External GND GND for RS232 and | External Ground for RS232
ext. power and external power

2 |External Power +8...+36 V DC Power supply

3 |Camera Out 4 |Out Open emitter Camera Output 4
(GPOut4)
default: -

4 |CameraIn 1 In Ui (high) = 3 V...24 V| Camera Input 1

Ui, (low) = 0 V...1.5 V | (GPIn1)
default: Trigger

Camera Out 3 | Out Open emitter Camera Output 3
(GPQOut3)
default: Busy
Camera Out 1 | Out Open emitter Camera Output 1
(GPOut1)
default: IntEna
7 |Camera In GND |In Common GND for Camera Common Input
inputs Ground (In GND)
RxD RS232 In RS232 Terminal Receive Data
TxD RS232 Out RS232 Terminal Transmit Data
10 [Camera Out In Common VCC for Camera Output Power
Power outputs for digital outputs
max. 36 V DC (OutVvCC)
11 |Camera In 2 In U;,(high) = 3 V...24 V| Camera Input 2
U, (low) = 0 V...1.5 V [ (GPIn2)
default: -
12 |Camera OQut 2 |Out Open emitter Camera Output 2
(GPOut2)

default: Follow CameraIn?2

Figure 41: Camera I/0 connector pin assignment

Note GP = General Purpose
For a detailed description of the I/0 connector and its oper-
@ ating instructions see the Hardware Installation Guide,
Chapter STINGRAY input description.

Read all Notes and Cautions in the Hardware Installation
Guide, before using the I/0 connector.
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Board level camera: 1/0 pin assignment

The following diagram shows the 13-pole I/0 pin connector of a board level

camera:
13-pole connector:

1 = GND (for RS232, Ext PWR) 7 = GND (for Inputs) FFC45 cable length:
2 = Ext PWR input 8 =RxDc 9 =TxD

(PWR output on demand) 10 = Power Input FFC45L = 34 mm K7500284
3 = Output 4 (for Output ports) FFC45L = 56 mm K7500307
4 = Input 1 11 = Input 2 FFC45L = 75mm K7500308
5 = Output 3 12 = Output 2 FFC45L = 90 mm K7500317
6 = Output 1 13 = Cable Shield FFC45L =110 mm K7500318

13-pole connector FFC45 cable

14.8

10-AD-Board

11.2

j
7Z

pMgcessor board

8.7

2x IEEE 1394b

sensor board

C-Mount adapter

25

‘02.‘3mm [o]) L

RBTH -

[ .

40

36
AmA A SSS A S
R R R

2x HOLE N “o3mm
— G 29mmPTH (¥ © P O r_

[aV}
23 2 12 |65

41

13] |12} |11} |10 9 8 7 6 5 4 3 2 1

Figure 42: Board level camera: I/0 pin assignment
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Status LEDs

Status LEDs
LED?2 LED1

Figure 43: Position of status LEDs

Each of the two LEDs is tricolor, showing green, red or orange.
RED means: red LED permanent on
RED blinking means: red LED blinks fast

+RED pulsing means: red LED is switched on for a short time. If the red LED
is already on, the LED will be switched off. The state of the other color of the
same LED could be on or off.

GREEN means: green LED permanent on
GREEN blinking means: green LED blinks fast

+GREEN pulsing means: green LED is switched on for a short time. If the
green LED is already on, the LED will be switched off. The state of the other
color of the same LED could be on or off.
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LED2 GREEN

'

FPGA boot error

Normal conditions

Event

Camera startup

LED1

/1

LED2

During startup all LEDs are switched on consecu-
tively to show the startup progress:

Phasel: LED1 RED

Phase2: LED1 RED +
Phase3: LED1 RED +
Phase4: LED1 RED +

+ LED2 RED

+ LED2 RED +

Power on

Bus reset

Asynchronous traffic

Isochronous traffic

+RED pulsing

Waiting for external RED
trigger
External trigger event  |RED +RED pulsing

Table 19: LEDs showing normal conditions

Error conditions

Warning DCAM

1 pulse

2 pulse

MISC
3 pulse

FPGA
4 pulse

1-5 pulse

Stack setup

1 pulse

Stack start

2 pulse

No FLASH object

1 pulse

No DCAM object

1 pulse

Register mapping

3 pulse

VMode_ERROR_STATUS

1 pulse

FORMAT_7_ERROR_1

2 pulse

FORMAT_7_ERROR_2

3 pulse

Table 20: Error codes
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Control and video data signals

The inputs and outputs of the camera can be configured by software. The dif-
ferent modes are described below.

Inputs

Note For a general description of the inputs and warnings see the
Hardware Installation Guide, Chapter STINGRAY input

@ description.

The optocouplerinverts all input signals. Inversion of the signal is controlled
via the I0_INP_CTRL1..2 register (see Table 21: Advanced register: Input
control on page 80).

Polarity

selectable
via software

%

| Opto- :
Input signal |J
Coupler AN >
Input {>€ Input state
Figure 44: Input block diagram
Triggers

Allinputs configured as triggers are linked by AND. If severalinputs are being
used as triggers, a high signal must be present on all inputs in order to gen-
erate a trigger signal. Each signal can be inverted. The camera must be set

to external triggering to trigger image capture by the trigger signal.
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All input and output signals running over the camera I/0 connector are con-
trolled by an advanced feature register.

Register Name Field Bit Description
0xF1000300 I0_INP_CTRL1 Presence_Ing [0] Indicates presence of this
feature (read only)
--- [1..6] Reserved
Polarity (7] 0: Signal not inverted
1: Signal inverted
--- [8..10] |Reserved
InputMode [11..15] |Mode
see Table 22: Input routing
on page 81
--- [16..30] |Reserved
PinState [31] RD: Current state of pin
0xF1000304 I0_INP_CTRL2 Same as

I0_INP_CTRL1

Table 21: Advanced register: Input control
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The Polarity flag determines whether the input is low active (0) or high
active (1). The input mode can be seen in the following table. The PinState
flag is used to query the current status of the input.

The PinState bit reads the inverting optocoupler status after an internal
negation. See Figure 44: Input block diagram on page 79.

This means that an open input sets the PinState bit to 0. (This is different
to AVT Marlin/Dolphin/Oscar, where an open input sets PinState bit to 1.)

ID Mode Default
0x00 Off
0x01 Reserved
0x02 Trigger input Input 1
0x03 Reserved
0x06 Sequence Step
0x07 Sequence Reset
0x08..0x1F Reserved
Table 22: Input routing
Note If you set more than 1 input to function as a trigger input,

all trigger inputs are ANDed.

®
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Trigger delay

Stingray cameras feature various ways to delay image capture based on exter-
nal trigger.

With IIDC V1.31 there is a standard CSR at Register FOF00534/834h to control
a delay up to FFFh x time base value.

The following table explains the inquiry register and the meaning of the var-
ious bits.

Register Name i Description
0xFOF00534 | TRIGGER_DELAY_INQUIRY |Presence_Ing [0] Indicates presence of this
feature (read only)
Abs_Control_Ing |[[1] Capability of control with
absolute value
[2] Reserved
One_Push_Ing [3] One-push auto mode (con-

trolled automatically by the
camera once)

Readout_Ing [4] Capability of reading out the
value of this feature

ON_OFF [5] Capability of switching this
feature ON and OFF

Auto_Ing [6] Auto mode (controlled auto-
matically by the camera)

Manual_Ing [7] Manual mode (controlled by
user)

Min_Value [8..19] [Minimum value for this fea-
ture

Max_Value [20..31] [Maximum value for this fea-
ture

Table 23: Trigger delay inquiry register
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Register i Description
0xFOF00834 TRIGGER_DELAY Presence_Ing [0] Presence of this feature:
0: N/A
1: Available
Abs_Control [1] Absolute value control

0: Control with value in the
value field

1: Control with value in the
absolute value CSR.

If this bit=1 the value in
the value field has to be

ignored.

--- [2..5] Reserved

ON_OFF [6] Write ON or OFF this feature
Read: Status of the feature
ON=1
OFF=0

[7..19] Reserved

Value [20..31] |Value

Table 24: Trigger Delay CSR

The cameras also have an advanced register which allows even more precise
image capture delay after receiving a hardware trigger.

Trigger delay advanced register

Register i Description
0xF1000400 TRIGGER_DELAY Presence_Ing [0] Indicates presence of this
feature (read only)
--- 1..5] Reserved
ON_OFF 6] Trigger delay on/off

7..10] Reserved
11..31] |Delay time in ps

[
[
[
[

DelayTime

Table 25: Trigger delay advanced CSR

The advanced register allows the start of the integration to be delayed by
max. 221 ps, which is max. 2.1 s after a trigger edge was detected.
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Note e Switching trigger delay to ON also switches external
Trigger_Mode_0 to ON.

@ e This feature works with external Trigger_Mode_0 only.

Outputs

Note For a general description of the outputs and warnings see

the Hardware Installation Guide, Chapter STINGRAY output

@ description.

Output features are configured by software. Any signal can be placed on any
output.

The main features of output signals are described below:

Signal Description

IntEna (Integration Enable) signal This signal displays the time in which exposure
was made. By using a register this output can be
delayed by up to 1.05 seconds.

Fval (Frame valid) signal This feature signals readout from the sensor. This
signal Fval follows IntEna.

Busy signal This signal appears when:

e the exposure is being made or
e the sensor is being read out or
e data transmission is active.

The camera is busy.

Table 26: Output signals
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Output
mode
selectable _
via software Polarity
selectable
v via software
IntEna Operation state
< \ read

FVal \

A

—_—
Busy | {>O_‘ . Opt°'| Output signal=

Coupler

Operation state
read

Y

Figure 45: Qutput block diagram
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10_OUTP_CTRL 1-4

The outputs (Output mode, Polarity) are controlled via 4 advanced feature
registers (see Table 27: Advanced register: Output control on page 86).

The Polarity field determines whether the output is inverted or not. The out-
put mode can be viewed in the table below. The current status of the output
can be queried and set via the PinState.

It is possible to read back the status of an output pin regardless of the output
mode. This allows for example the host computer to determine if the camera
is busy by simply polling the BUSY output.

Note Outputs in Direct Mode:
For correct functionality the Polarity should always be set
@ to O (SmartView: Trig/I0 tab, Invert=No).

Description

0xF1000320

I0_OUTP_CTRL1

Indicates presence of this
feature (read only)

Presence_Inq [0]

PWMCapable [1] All Stingray cameras (housing

and board level):

Indicates if an output pin
supports the PWM feature.

See Table 29: PWM configura-
tion registers on page 89.

--- [2..6] Reserved

Polarity [7]

0: Signal not inverted
1: Signal inverted

--- [8..10] |Reserved

Output mode [11..15] |Mode

see Table 28: Output routing
on page 87

- [16..30] |Reserved
PinState [31]

RD: Current state of pin
WR: New state of pin

0xF1000324

I0_OUTP_CTRL2 Same as

I0_OUTP_CTRL1

Table 27: Advanced register: Output control
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Register Name Field Bit Description
0xF1000328 I0_OUTP_CTRL3 Same as
I0_OUTP_CTRL1
0xF100032C I0_OUTP_CTRL4 Same as
I0_OUTP_CTRL1
Table 27: Advanced register: Output control
Output modes

ID Mode Default / description

0x00 Off

0x01 Output state follows PinState bit | Using this mode, the Polarity bit
has to be set to 0 (not inverted).
This is necessary for an error free
display of the output status.

0x02 Integration enable Output 1

0x03 Reserved

0x04 Reserved

0x05 Reserved

0x06 FrameValid

0x07 Busy Output 2

0x08 Follow corresponding input

(Inp1-> Outl, Inp2 - Out2)

0x09 PWM (=pulse-width modulation) |Stingray housing and board level
models

0x0A..0x1F Reserved

Table 28: Output routing

PinState 0 switches off the output transistor and produces a low level over
the resistor connected from the output to ground.

The following diagram illustrates the dependencies of the various output sig-
nals.
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External Trigger input

Trigger_Mode_0
Delay sat by ragister
LTrigger Delay”

- |ntegration_Enable (IntEna)-»

Delay set by register
JntEna_Deday*

#——INtEna delayed—-|

——Frame_Walid (FVal)—»

Busy

Figure 46: Output impulse diagram

Note The signals can be inverted.
Caution Firing a new trigger while IntEna is still active can result in

missing image.

N
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¢ Note that trigger delay in fact delays the image cap-
ture whereas the IntEna_Delay only delays the leading
edge of the IntEna output signal but does not delay the
image capture.

¢ As mentioned before, it is possible to set the outputs
by software. Doing so, the achievable maximum fre-
quency is strongly dependent on individual software
capabilities. As a rule of thumb, the camera itself will
limit the toggle frequency to not more than 700 Hz.

Pulse-width modulation (Stingray housing and
Stingray board level models)

The 2 inputs and 4 outputs are independent. Each output has pulse-width
modulation (PWM) capabilities, which can be used (with additional external
electronics) for motorized speed control or autofocus control.

Period (in ps) and pulse width (in ps) are adjustable via the following regis-
ters (see also examples in Chapter PWM: Examples in practice on page 91):

Description

0xF1000800 I0_OUTP_PWM1 Presence_Ing [0] Indicates presence of this
feature (read only)
- [1] Reserved
--- [2..3] Reserved
MinPeriod [4..19] Minimum PWM period in ps
(read only)
--- [20..27] |Reserved
--- [28..31] |Reserved
0xF1000804 PulseWidth [0..15] PWM pulse width in ps
Period [16..31] |PWM period in ps
0xF1000808 I0_OUTP_PWM2 Same as
I0_OUTP_PWM1
0xF100080C I0_OUTP_PWM3 Same as
I0_OUTP_PWM1
0xF1000810 I0_OUTP_PWM4 Same as

10_OuUTP_PWM1

Table 29: PWM configuration registers

To enable the PWM feature select output mode 0x09. Control the signal state
via the PulseWidth and Period fields (all times in microseconds (ps)).
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[« Period————»!

l«— PulseWidth—p)|

Figure 47: PulseWidth and Period definition
Note Note the following conditions:
® PulseWidth < Period
@ e Period > MinPeriod

PWM: minimal and maximal periods and frequencies

In the following formulas you find the minimal/maximal periods and frequen-
cies for the pulse-width modulation (PWM).

= frequency,,, = W = 3%5 = 333.33kHz
min
frequency i, = -1 - 15.26Hz
2"°x107%
= period . = — - leus

x frequency i,

Formula 1: Minimal/maximal period and frequency
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PWM: Examples in practice

In this chapter we give you two examples, how to write values in the PWM
registers. All values have to be written in microseconds (ps) in the PWM reg-
isters, therefore remember always the factor 10,

Example 1:
Set PWM with 1kHz at 30% pulse width.

1 B 1

RegPeriod = — = "
frequencyx10 °s  1kHzx10 s

= 1000
RegPulseWidth = RegPeriod x 30% = 1000 x 30% = 300

Formula 2: PWM example 1

Example 2:
Set PWM with 250 Hz at 12% pulse width.

RegPeriod = ! = ! = 4000

frequencyxlOfss 250Hzx10 %5

RegPulseWidth = RegPeriod x 12% = 4000 x 12% = 480

Formula 3: PWM example 2
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Pixel data

Pixel data are transmitted as isochronous data packets in accordance with
the 1394 interface described in IIDC V1.31. The first packet of a frame is
identified by the 1 in the sync bit (sy) of the packet header.

sync bit
[

0-7 8-15 16-23 24-31
data_length tg channel tCode

header_CRC

Video data payload

data_CRC

Table 30: Isochronous data block packet format. Source: IIDC V1.31

Field Description

data_length Number of bytes in the data field
tg Tag field
shall be set to zero

channel Isochronous channel number, as programmed in the iso_channel
field of the cam_sta_ctrl register

tCode Transaction code
shall be set to the isochronous data block packet tCode

sy Synchronization value (sync bit)
This is one single bit. It indicates the start of a new frame.

It shall be set to 0001h on the first isochronous data block of a frame,
and shall be set to zero on all other isochronous blocks

Video data payload Shall contain the digital video information

Table 31: Description of data block packet format

e The video data for each pixel are output in either 8-bit or 14-bit format
(Packed 12-Bit Mode: 12-bit format).

® Each pixel has a range of 256 or 16384 (Packed 12-Bit Mode: 4096)
shades of gray.

® The digital value 0 is black and 255 or 16383 (Packed 12-Bit Mode:
4095) is white. In 16-bit mode the data output is MSB aligned.
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The following tables provide a description of the video data format for the
different modes. (Source: IIDC V1.31; packed 12-bit mode: AVT)

=Y UY (4: 2: 2) format =
L= (k401 {01 V(KD T(k+1)
L-[K+3) Yokt N Y-[K+3)
U-(K-+4) Y-{K+d W{H+d ) - [K+5)
LJ-{H+Pn-6) -(K+Pn-f) =Ko+ Pn-G) -{K+Fn-5)
U-{K+Pn-4) -[K+Pn-4) W-(H#Pn-4) W-{K+Pn-3]
LI-(K+Pn-2 ¥-{K4+Pr-2) (K4 Pn-2) Yo K+Pn-1]
=VUW (4= 1: 1) Tormat =
LI-{K+0) YK+ Y-{K+1) W-(K+ )
o {H+2) Y-{k+3] U-[K+d) W-(krd)
Y- K+5] WK+ YK AG] Y-[BAT)
L-(K+Pn-) W-(K+Pn-8) Y-(K+Pn-7) W(K+Pn-B)
W-(K+Pn-6) W-(K+Pn-5) U-(K+Pn-4] -{k+Pn-4]
¥-(K+Pn-3) -(K+Pn-4) Y-{K+Pn-2) W-(K4Pn-11

Figure 48: YUV 4:2:2 and YUV 4:1:1 format: Source: IIDC V1.31

=Y (Mono) format =

Vo) | YRl | Y-kl | v-ikd)
Yolrd) | vwerkss) | vekeE) | KT
V-RAPr-B) | T-IRePn7) | F-(RvPn-B) | Y-[RePn-g)
Wok+Pn-4) | Y-(K#Pn-3) | YeK+Pn-Z) | Y-{K+Pn-1)
=Y (Monol6) format =
| High byie ? Low byle |

Y-(K+0) | F-(K+1)

Y-{K+2) | Y-{K+3)

- [HoAHPr-d ) | Y- [K+Pn-3]

- [K+Pn-2) | Y- (K+Pn-1)

Figure 49: Y8 and Y16 format: Source: IIDC V1.31 specification

<Y (Mono12) format>

Y-(K+0) [11..4]

Y-(K+1) [3..0]
Y-(K+0) [3..0]

Y-(K+1) [11..4]

Y-(K+2) [11..4]

Y-(K+3) [3..0]
Y-(K+2)[3..0]

Y-(K+3) [11..4]

Y-(K+4) [11..4]

Y-(K+5) [3..0]
Y-(K+4)[3..0]

Y-(K+5) [11..4]

Y-(K+6) [11..4]

Y-(K+7) [3..0]
Y-(K+6) [3..0]

Y-(K+7) [11..4]

Table 32: Packed 12-Bit Mode (mono and raw) Y12 format
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<Y, R, G, B>

Each component has Bbit data, The data type is "Unsigned Char',

/1

Signal level {Dacimal) Data (Hexadecimal)
Highest 255 [xFF
254 xFE
1 001
Lowest x00

<1, V=

Each component has Bbit data, The data tvpe 15 "Straight Binary™,

Signal level {Decimal) Data (Hexadecimal)
Highast (+) 127 (xFF
126 (xFE
1 0x81
Lowest (x50
=1 0x7F
427 0x01
Highest (-] -128 0x00
< ¥Y{Monolé) =
Y component has 16bit data. The data type is "Unsigned Short (big-endian)™.
Y Signal leval {Decimal) Data (Hexadecimal)
Highast 65535 (%FFFF
65534 OxFFFE
1 0x0001
Lowes! { 00000

Figure 50: Data structure: Source: IIDC V1.31

<Y(Mono12)>
Y component has 12-bit data. The data type is ,unsigned”.

Y Signal level (decimal) Data (hexadecimal)
Highest 4095 OxOFFF
4094 OxOFFE
1 0x0001
Lowest 0 0x0000

Table 33: Data structure of Packed 12-Bit Mode (mono and raw)
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Description of the data path

Block diagrams of the cameras

The following diagrams illustrate the data flow and the bit resolution of
image data after being read from the CCD sensor chip in the camera. The indi-
vidual blocks are described in more detail in the following paragraphs. For
sensor data see Chapter Specifications on page 38.

Black and white cameras
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Figure 51: Block diagram b/w camera

IEEE 1394b
interface

Setting LUT = OFF effectively makes full use of the 14 bit by bypassing the
LUT circuitry; setting LUT = ON means that the most significant 12 bit of the
14 bit are used and further down converted to 10 bit.
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Color cameras
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Figure 52: Block diagram color camera

Setting LUT = OFF effectively makes full use of the 14 bit by bypassing the
LUT circuitry; setting LUT = ON means that the most significant 12 bit of the
14 bit are used and further down converted to 10 bit.
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White balance

Register

/1

Stingray color cameras have both manual and automatic white balance.
White balance is applied so that non-colored image parts are displayed non-
colored. From the user's point, the white balance settings are made in regis-
ter 80Ch of IIDC V1.31. This register is described in more detail below.

Description

0xFOF0080C

WHITE_BALANCE | Presence_Inqg

Presence of this feature:
0: N/A
1: Available

Abs_Control

Absolute value control

0: Control with value in the Value field
1: Control with value in the Absolute
value CSR

If this bit=1, the value in the Value field
will be ignored.

[2..4]

Reserved

One_Push

(5]

Write 1: begin to work (self-cleared after
operation)

Read:

1: in operation

0: not in operation

If A_M_Mode = 1, this bit will be ignored.

ON_OFF

Write: ON or OFF this feature
Read: read a status

0: OFF

1: ON

A_M_MODE

Write: set mode

Read: read current mode
0: MANUAL

1: AUTO

U/B_Value

[8..19]

U/B value

This field is ignored when writing the
value in Auto or OFF mode.

If readout capability is not available, read-
ing this field has no meaning.

V/R_Value

[20..31]

V/R value

This field is ignored when writing the
value in Auto or OFF mode.

If readout capability is not available, read-
ing this field has no meaning.

Table 34: White balance register
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The values in the U/B_Value field produce changes from green to blue; the
V/R_Value field from green to red as illustrated below.

Note While lowering both U/B and V/R registers from 284 towards
0, the lower one of the two effectively controls the green

@ gain.

U/B register

e —

‘ VIR register i

Figure 53: U/V slider range

Type Range Range in dB
Stingray color cameras |0 ... 568 +10dB

Table 35: Manual gain range of the various Stingray types

The increment length is ~0.0353 dB/step.

One-push automatic white balance

Note Configuration
To configure this feature in control and status register (CSR):
@ See Table 34: White balance register on page 97.

The camera automatically generates frames, based on the current settings of
all registers (GAIN, OFFSET, SHUTTER, etc.).

For white balance, in total 9 frames are processed. For the white balance
algorithm the whole image or a subset of it is used. The R-G-B component
values of the samples are added and are used as actual values for both the
one-push and the automatic white balance.
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This feature uses the assumption that the R-G-B component sums of the sam-
ples shall be equal; i.e., it assumes that the average of the sampled grid pix-
els is to be monochrome.

Note The following ancillary conditions should be observed for suc-
cessful white balance:
@ e There are no stringent or special requirements on the
image content, it requires only the presence of mono-

chrome pixels in the image.
e Automatic white balance can be started both during

active image capture and when the camera is in idle
state.

If the image capture is active (e.g. IsoEnable set in register 614h), the
frames used by the camera for white balance are also output on the 1394 bus.
Any previously active image capture is restarted after the completion of
white balance.

Automatic white balance can also be enabled by using an external trigger.
However, if there is a pause of >10 seconds between capturing individual
frames this process is aborted.

The following flow diagram illustrates the automatic white balance sequence.

Pause image
capture

<

Capture image
via one-shot ﬁ W
Repeat steps
nine times
Calculate and fj
set correction
values

<

Restart image
capture if
necessary

<~

Figure 54: Automatic white balance sequence
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9ZIS-A IOV

Finally, the calculated correction values can be read from the
WHITE_BALANCE register 80Ch.

Automatic white balance

The auto white balance feature continuously optimizes the color characteris-
tics of the image.

For the white balance algorithm the whole image or a subset of it is used.

Note Configuration
To set position and size of the control area

@ (Auto_Function_AOI) in an advanced register: see Table 132:
Advanced register: Autofunction AOI on page 275.

AUTOFNC_AOI affects the auto shutter, auto gain and auto white balance fea-
tures and is independent of the Format_7 AOI settings. If this feature is
switched off the work area position and size will follow the current active
image size.

Within this area, the R-G-B component values of the samples are added and
used as actual values for the feedback.

The following drawing illustrates the AUTOFNC_AOQI settings in greater detail.

< AQI: X-size >

< AF_AREA_SIZE: Width: n x 4 >

Figure 55: AUTOFNC_AOI positioning

STINGRAY Technical Manual vV2.2.0

100



Description of the data path / / /

The algorithm is based on the assumption that the R-G-B component sums of
the samples are equal, i.e., it assumes that the mean of the sampled grid pix-
els is to be monochrome.

Auto shutter

In combination with auto white balance, Stingray cameras are equipped with
auto shutter feature.

When enabled, the auto shutter adjusts the shutter within the default shutter
limits or within those set in advanced register F1000360h in order to reach
the reference brightness set in auto exposure register.

Note Target grey level parameter in SmartView corresponds to
Auto_exposure register 0xFOF00804 (IIDC).

@ Increasing the auto exposure value increases the average
brightness in the image and vice versa.

The applied algorithm uses a proportional plus integral controller (PI control-
ler) to achieve minimum delay with zero overshot.
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To configure this feature in control and status register (CSR):

Register Name Field i Description
0xFOF0081C |SHUTTER |Presence_Ing |[O] Presence of this feature:
0: N/A
1: Available
Abs_Control  [[1] Absolute value control

0: Control with value in the Value field

1: Control with value in the Absolute value
CSR

If this bit=1, the value in the Value field will
be ignored.

--- [2..4] Reserved

One_Push [5] Write 1: begin to work (self-cleared after oper-
ation)

Read:

1: in operation

0: not in operation

If A_M_Mode = 1, this bit will be ignored.

ON_OFF [6] Write: ON or OFF this feature
Read: read a status
0: OFF
1: ON
A_M_MODE (7] Write: set mode
Read: read current mode
0: MANUAL
1: AUTO
--- [8..19] Reserved
Value [20..31] |Read/Write Value

This field is ignored when writing the value in
Auto or OFF mode.

If readout capability is not available, reading
this field has no meaning.

Table 36: CSR: Shutter

Note Configuration
To configure this feature in an advanced register: See Table
@ 130: Advanced register: Auto shutter control on page 273.
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Auto gain

All Stingray cameras are equipped with auto gain feature.

Note Configuration
To configure this feature in an advanced register: See Table
@ 131: Advanced register: Auto gain control on page 274.

When enabled auto gain adjusts the gain within the default gain limits or
within the limits set in advanced register F1000370h in order to reach the
brightness set in auto exposure register as reference.

Increasing the auto exposure value (aka target grey value) increases the
average brightness in the image and vice versa.

The applied algorithm uses a proportional plus integral controller (PI control-
ler) to achieve minimum delay with zero overshot.

The following tables show the gain and auto exposure CSR.
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Register Name i Description
0xFOF00820  |GAIN Presence_Inqg |[0] Presence of this feature:
0: N/A
1: Available
Abs_Control  [[1] Absolute value control

0: Control with value in the value field
1: Control with value in the absolute
value CSR

If this bit=1 the value in the value field
has to be ignored.

--- [2..4] Reserved

One_Push [5] Write: Set bit high to start
Read: Status of the feature:
Bit high: WIP

Bit low: Ready

ON_OFF [6] Write: ON or OFF this feature
Read: read a status

0: OFF

1: ON

A_M_MODE [7] Write: set mode

Read: read current mode
0: MANUAL

1: AUTO

--- [8..19] |Reserved

Value [20..31] |Read/Write Value

This field is ignored when writing the
value in Auto or OFF mode.

If readout capability is not available,
reading this field has no meaning.

Table 37: CSR: Gain
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Name

/1

Description

0xFOF00804

AUTO_EXPOSURE | Presence_Ing

Presence of this feature:
0: N/A
1: Available

Abs_Control

Absolute value control

0: Control with value in the value field
1: Control with value in the absolute
value CSR

If this bit=1 the value in the value field
has to be ignored.

[2..4]

Reserved

One_Push

[5]

Write: Set bit high to star
Read: Status of the feature:

Bit high: WIP
Bit low: Ready

ON_OFF

Write: ON or OFF this feature
Read: read a status

0: OFF
1: ON

A_M_MODE

[7]

Write: set mode
Read: read current mode

0: MANUAL
1: AUTO

[8..19]

Reserved

Value

[20..31]

Read/Write Value

This field is ignored when writing the
value in Auto or OFF mode.

If readout capability is not available,
reading this field has no meaning.

Table 38: CSR: Auto Exposure

Note Configuration
To configure this feature in an advanced register: See Table
@ 131: Advanced register: Auto gain control on page 274.
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Note e Values can only be changed within the limits of gain
CSR.

@ e Changes in auto exposure register only have an effect
when auto gain is active.

® Auto exposure limits are 50..205. (SmartView->Ctrl1
tab: Target grey level)

Stingray cameras are equipped with a gain setting, allowing the gain to be
manually adjusted on the fly by means of a simple command register write.

The following ranges can be used when manually setting the gain for the ana-
log video signal:

Range in dB Increment length

Stingray color cameras

0...680 0...24.4dB
~0.0359 dB/step

Stingray b/w cameras

0...680 0...24.4 dB

Table 39: Manual gain range of the various Stingray types

Note e Setting the gain does not change the offset (black
value)

@ ® A higher gain produces greater image noise. This
reduces image quality. For this reason, try first to

increase the brightness, using the aperture of the cam-
era optics and/or longer shutter settings.

Brightness (black level or offset)

It is possible to set the black level in the camera within the following ranges:
0 ... +16 gray values (@ 8 bit)
Increments are in 1/16 LSB (@ 8 bit)

Note e Setting the gain does not change the offset (black

value).

The IIDC register brightness at offset 800h is used for this purpose.
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/1

The following table shows the BRIGHTNESS register:

Name

Description

0xFOF00800

BRIGHTNESS

Presence_Ing

Presence of this feature:
0: N/A
1: Available

Abs_Control

Absolute value control

0: Control with value in the value field
1: Control with value in the absolute
value CSR

If this bit= 1 the value in the value field
has to be ignored

Reserved

One_Push

Write: Set bit high to start
Read: Status of the feature:

Bit high: WIP
Bit low: Ready

ON_OFF

[6]

Write: ON or OFF this feature
Read: read a status

0: OFF
1: ON

A_M_MODE

Write: set mode
Read: read current mode

0: MANUAL
1: AUTO

[8..19]

Reserved

Value

[20..31]

Read/Write Value; this field is ignored
when writing the value in Auto or OFF
mode; if readout capability is not avail-
able reading this field has no meaning.

Table 40: CSR: Brightness
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Horizontal mirror function

All Stingray cameras are equipped with an electronic mirror function, which
mirrors pixels from the left side of the image to the right side and vice versa.

The mirror is centered to the current FOV center and can be combined with
all image manipulation functions, like binning, shading and DSNU.

This function is especially useful when the camera is looking at objects with
the help of a mirror or in certain microscopy applications.

Note Configuration
To configure this feature in an advanced register: See Table
@ 135: Advanced register: Mirror on page 277.

Note The use of the mirror function with color cameras and image
output in RAW format has implications on the BAYER-

@ ordering of the colors.

Mirror OFF: R-G-G-B (all Stingray color cameras)  Mirror ON: G-R-B-G (all Stingray color cameras)

Figure 56: Mirror and Bayer order

Note During switchover one image may be temporarily corrupted.

®
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Shading correction

horizontal

vertical

Shading correction is used to compensate for non-homogeneities caused by
lighting or optical characteristics within specified ranges.

To correct a frame, a multiplier from 1...2 is calculated for each pixel in
1/256 steps: this allows for shading to be compensated by up to 50 %.

Besides generating shading data off-line and downloading it to the camera,
the camera allows correction data to be generated automatically in the cam-
era itself.

Note e Shading correction does not support the mirror func-
tion.

@ e If you use shading correction, don’t change the mirror
function.

e Due to binning and sub-sampling in the Format_7
modes read the following hints to build shading image
in Format_7 modes.

Building shading image in Format_7 modes

Binning/sub-sampling is always done after shading correction. Shading is
always done on full horizontal resolution. Therefore shading image has
always to be built in full horizontal resolution.

Binning/sub-sampling is done in the sensor, before shading correction.
Therefore shading image has to be built in the correct vertical resolution.

Note Build shading image always with the full horizontal reso-

~ lution (0 x horizontal binning / 0 x horizontal sub-sam-
pling), but with the desired vertical binning/sub-
sampling.

First example

4 x horizontal binning, 2 x vertical binning
= build shading image with 0 x horizontal binning and 2 x vertical binning

Second example

2 out of 8 horizontal sub-sampling, 2 out of 8 vertical sub-sampling
= build shading image with 0 x horizontal sub-sampling and 2 out of 8 ver-
tical sub-sampling
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How to store shading image

There are two storing possibilities:

e After generating the shading image in the camera, it can be uploaded to
the host computer for nonvolatile storage purposes.

® The shading image can be stored in the camera itself.

The following pictures describe the process of automatic generation of cor-
rection data. Surface plots and histograms were created using the Imagel

program.

255.0

surface plot
—

0.0

histogram

I ]
0 256

Count: 307200  Min: 79
Mean: 135.337 Max. 19
StdDev. 30.497 Mode: 88 (4200)

Figure 57: Shading correction: Source image with non-uniform illumination

e 0On the left you see the source image with non-uniform illumination.

e The surface plot on the right clearly shows a gradient of the brightness
(0: brightest = 255: darkest pixels).

e The histogram shows a wide band of gray values.

By defocusing the lens, high-frequency image data is removed from the
source image, therefore its not included in the shading image.
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Automatic generation of correction data

Requirements

Shading correction compensates for non-homogeneities by giving all pixels
the same gray value as the brightest pixel. This means that only the back-
ground must be visible and the brightest pixel has a gray value of less than
255 when automatic generation of shading data is started.

It may be necessary to use a neutral white reference, e.g. a piece of paper,
instead of the real image.

Algorithm

After the start of automatic generation, the camera pulls in the number of
frames set in the GRAB_COUNT register. Recommended values are 2, 4, 8, 16,
32, 64, 128 or 256. An arithmetic mean value is calculated from them (to
reduce noise).

After this, a search is made for the brightest pixel in the mean value frame.
The brightest pixel(s) remain unchanged. A factor is then calculated for each
pixel to be multiplied by, giving it the gray value of the brightest pixel.

All of these multipliers are saved in a shading reference image. The time
required for this process depends on the number of frames to be calculated
and on the resolution of the image.

Correction alone can compensate for shading by up to 50% and relies on full
resolution data to minimize the generation of missing codes.

How to proceed:

Set GrabCount to # of
desired frames

<~

Set Buildimage Flag to true

<>

Poll SHGD_Control
Register until Busy and
Buildimage Flag are
resetted

<~

Figure 58: Automatic generation of a shading image
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/1

Configuration

To configure this feature in an advanced register: See Table
125: Advanced register: Shading on page 267.

The SHDG_CTRL register should not be queried at very
short intervals. This is because each query delays the
generation of the shading image. An optimal interval
time is 500 ms.

The calculation of shading data is always carried out at
the current resolution setting. If the AOI is later larger
than the window in which correction data was calcu-
lated, none of the pixels lying outside are corrected.

For Format_7 mode, it is advisable to generate the
shading image in the largest displayable frame format.
This ensures that any smaller AQOIs are completely cov-
ered by the shading correction.

The automatic generation of shading data can also be
enabled when image capture is already running. The
camera then pauses the running image capture for the
time needed for generation and resumes after genera-
tion is completed.

Shading correction can be combined with the image
mirror and gamma functionality.

Changing binning modes involves the generation of
new shading reference images due to a change in the
image size.

After the lens has been focused again the image below will be seen, but now
with a considerably more uniform gradient.
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255.0

surface plot

histogram

0 256

Count: 307200  Min: 139
Mean: 157.039 Max: 162
StdDev: 2.629  Mode: 158 (84449)

Figure 59: Example of shaded image

e 0On the left you see the image after shading correction.

e The surface plot on the right clearly shows nearly no more gradient of
the brightness (0: brightest = 255: darkest pixels). The remaining gra-
dient is related to the fact that the source image is lower than 50% on
the right hand side.

e The histogram shows a peak with very few different gray values.

STINGRAY Technical Manual vV2.2.0

.|
113



/1

Description of the data path

Loading a shading image out of the camera

GPDATA_BUFFER is used to load a shading image out of the camera. Because
the size of a shading image is larger than GPDATA_BUFFER, input must be

handled in several steps:

Query limits from
register:

SHDG_INFO and
GPDATA_INFO

<

Set EnableMemRD
to true (1)

<

Set AddrOffset to 0

?7

Read n databytes

of
GPDATA_BUFFER w

Increase Repeat steps until
AddrOffset by n all data is read

bytes

<

Check
EnableMemRD for
no change

< -

Set EnableMemRD
to false (0)

Figure 60: Uploading shading image to host

Note Configuration
® To configure this feature in an advanced register: See
Table 125: Advanced register: Shading on page 267.

@ e For information on GPDATA_BUFFER: See Chapter
GPDATA_BUFFER on page 296.
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Loading a shading image into the camera

GPDATA_BUFFER is used to load a shading image into the camera. Because
the size of a shading image is larger than GPDATA_BUFFER, input must be

handled in several steps (see also Chapter Reading or writing shading image
from/into the camera on page 268):

Query limits from
register:
SHDG_INFO and
GPDATA_INFO

<~

Set EnableMemWR
to true (1)

<

Set AddrOffset to 0

< -

Write n databytes
in

GPDATA_BUFFER

Increase Repeat steps until

AddrOffset by n all data is written
bytes

<

Check
EnableMemWR for
no change

< -

Set EnableMemWR
to false (0)

Figure 61: Loading the shading reference image

Note Configuration
® To configure this feature in an advanced register: See
@ Table 125: Advanced register: Shading on page 267.
e For information on GPDATA_BUFFER: See Chapter

GPDATA_BUFFER on page 296.
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Look-up table (LUT) and gamma function

Output

1000 4

800 -

600 -

400

200

The AVT Stingray camera provides one user-defined look-up table (LUT). The
use of this LUT allows any function (in the form Output = F(Input)) to be
stored in the camera's RAM and to be applied on the individual pixels of an
image at run-time.

The address lines of the RAM are connected to the incoming digital data,
these in turn point to the values of functions which are calculated offline,
e.g. with a spreadsheet program.

This function needs to be loaded into the camera's RAM before use.
One example of using an LUT is the gamma LUT:

There is one gamma LUT (gamma=0.45)

Output = (Input)®-4°

This gamma LUT is used with all Stingray models.

Gamma is known as compensation for the nonlinear brightness response of
many displays e.g. CRT monitors. The look-up table converts the incoming
12 bit from the digitizer to outgoing 10 bit.

Output = f (Input)

—Stingray, gamma=0.45 ‘

500

1000 1500 2000 2500 3000 3500 4000
Input

Figure 62: LUT with gamma=0.45
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Note e The input value is the most significant 12-bit value
from the digitizer.

@ ® (Gamma 1 (gamma=0.45) switches on the LUT. After
overriding the LUT with a user defined content, gamma

functionality is no longer available until the next full
initialization of the camera.

e LUT content is volatile if you do not use the user pro-
files to save the LUT.
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Loading an LUT into the camera

Loading the LUT is carried out through the data exchange buffer called
GPDATA_BUFFER. As this buffer can hold a maximum of 2 kB, and a complete
LUT at 4096 x 10 bit is 5 kByte, programming can not take place in a one
block write step because the size of an LUT is larger than GPDATA_BUFFER.
Therefore input must be handled in several steps. The flow diagram below
shows the sequence required to load data into the camera.

Query limits from
register:
LUT_INFO and
GPDATA_INFO

<

Set EnableMemWR
to true (1)

<

Set AddrOffset to 0

<

Write n databytes
in

GPDATA_BUFFER

Offset is increased Repeat steps until
in camera after n all data is written

bytes are written

< -

Check
EnableMemWR for
no change

< -

Set EnableMemWR
to false (0)

<~

Figure 63: Loading an LUT

Note Configuration

¢ To configure this feature in an advanced register: See
@ Table 124: Advanced register: LUT on page 264.

® For information on GPDATA_BUFFER: See Chapter

GPDATA_BUFFER on page 296.

STINGRAY Technical Manual vV2.2.0
118



Description of the data path / / /

Binning (only Stingray b/w models and F-201C)

Definition

Only Format_7

Types

2 x/ 4 x/ 8 x binning (F-201C only 2 x vertical
binning)

Binning is the process of combining neighboring pixels while being read out
from the CCD chip.

Note e Only Stingray b/w cameras and Stingray F-201C have
this feature.

@ e Binning does not change offset, brightness or black-
level.

Binning is used primarily for 3 reasons:

e areduction in the number of pixels and thus the amount of data while
retaining the original image area angle

® anincrease in the frame rate (vertical binning only)

e a3 brighter image, also resulting in an improvement in the signal-to-
noise ratio of the image

Signal-to-noise ratio (SNR) and signal-to-noise separation specify the
quality of a signal with regard to its reproduction of intensities. The value
signifies how high the ratio of noise is in regard to the maximum achievable
signal intensity.

The higher this value, the better the signal quality. The unit of measurement
used is generally known as the decibel (dB), a logarithmic power level. 6 dB
is the signal level at approximately a factor of 2.

However, the advantages of increasing signal quality are accompanied by a
reduction in resolution.

Binning is possible only in video Format_7. The type of binning used
depends on the video mode.

Note Changing binning modes involves the generation of new
shading reference images due to a change in the image size.

In general, we distinguish between the following types of binning
(H=horizontal, V=vertical):

e 2 x H-binning

® 2 x V-binning

® 4 x H-binning

® 4 x V-binning
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® 8 x H-binning

e 8 x V-binning

and the full binning modes:

e 2 x full binning (a combination of 2 x H-binning and 2 x V-binning)
e 4 x full binning (a combination of 4 x H-binning and 4 x V-binning)
e 8 x full binning (a combination of 8 x H-binning and 8 x V-binning)

Vertical binning

Vertical binning increases the light sensitivity of the camera by a factor of
two (4 or 8) by adding together the values of two (4 or 8) adjoining vertical
pixels output as a single pixel. This is done directly in the horizontal shift
register of the sensor.

Format_7 Mode_2 By default and without further remapping use Format_7 Mode_2 for
2 x vertical binning.

This reduces vertical resolution, depending on the model.

NN
NN
NN N
NN N

2

x

vertical binning

Figure 64: 2 x vertical binning
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4 x vertical binning (not F-201C)
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Figure 65: 4 x vertical binning
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HiNINININININ.
HiNINININININ.

HiNININININININ
HiNINININININ.

8 x vertical binning (not F-201C)

Figure 66: 8 x vertical binning

Vertical resolution is reduced, but signal-to noise ratio
(SNR) is increased by about 3, 6 or 9 dB (2 x, 4 x or 8 x bin-

ning).

If vertical binning is activated the image may appear to be
over-exposed and may require correction.

The image appears vertically compressed in this mode and
no longer exhibits a true aspect ratio.
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Definition

Light sensitivity

Horizontal
resolution

Format_7 Mode 1

Horizontal binning (F-201C only 2 x horizontal
binning)
In horizontal binning adjacent horizontal pixels in a line are combined dig-

itally in the FPGA of the camera without accumulating the black level:

2 x horizontal binning: 2 pixel signals from 2 horizontal neighboring pixels
are combined.

4 x horizontal binning: 4 pixel signals from 4 horizontal neighboring pixels
are combined.

8 x horizontal binning: 8 pixel signals from 8 horizontal neighboring pixels
are combined.

This means that in horizontal binning the light sensitivity of the camera is
also increased by a factor of two (6 dB), 4 (12 dB) or 8 (18 dB). Signal-to-
noise separation improves by approx. 3, 6 or 9 dB.

Horizontal resolution is lowered, depending on the model.

By default and without further remapping use Format_7 Mode_1 for
2 x horizontal binning.

NN
NN
NN
NN

2 x horizontal binning

Figure 67: 2 x horizontal binning
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4 x horizontal binning (not F-201C)

Figure 68: 4 x horizontal binning

STINGRAY Technical Manual vV2.2.0
122



Description of the data path / / /

Light sensitivity

Resolution
Format_7 Mode_3

HiNININININININ
HiNININININININ
HiNININININININ
HiNININININININ

8 x horizontal binning (not F-201C)

Figure 69: 8 x horizontal binning

Note The image appears horizontally compressed in this mode
and does no longer show true aspect ratio.

@ If horizontal binning is activated the image may appear to
be over-exposed and must eventually be corrected.

2 x full binning/4 x full binning/8 x full binning
(F-201C only 2 x full binning)

If horizontal and vertical binning are combined, every 4 (16 or 64) pixels are
consolidated into a single pixel. At first two (4 or 8) vertical pixels are put
together and then combined horizontally.

This increases light sensitivity by a total of a factor of 4 (16 or 64) and at
the same time signal-to-noise separation is improved by about 6 (12 or 18)
dB.

Resolution is reduced, depending on the model.

By default and without further remapping use Format_7 Mode_3 for
2 x full binning.

.
LT
.

NN

2 x full binning

Figure 70: 2 x full binning
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4 x full binning (not F-201C)

Figure 71: 4 x full binning
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8 x full binning (not F-201C)

Figure 72: 8 x full binning
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Sub-sampling (Stingray b/w and color)

Definition

Format_7 Mode_4

2 out of 4

What is sub-sampling?

Sub-sampling is the process of skipping neighboring pixels (with the same
color) while being read out from the CCD chip.

Which Stingray models have sub-sampling?
All Stingray models, both color and b/w, have this feature.

Description of sub-sampling

Sub-sampling is used primarily for the following reason:
® A reduction in the number of pixels and thus the amount of data while
retaining the original image area angle and image brightness

Similar to binning mode the cameras support horizontal, vertical and h+v
sub-sampling mode.

By default and without further remapping use Format_7 Mode_4 for
e b/wcameras: 2 out of 4 horizontal sub-sampling
® color cameras: 2 out of 4 horizontal sub-sampling

The different sub-sampling patterns are shown below.

0] 0] 0] (][]
0] 0] 0] (0]
0] 0] 0] (][]
LI L] LI I

Figure 73: Horizontal sub-sampling 2 out of 4 (b/w)
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Figure 74: Horizontal sub-sampling 2 out of 8 (b/w)
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Figure 75: Horizontal sub-sampling 2 out of 4 (color)
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Figure 76: Horizontal sub-sampling 2 out of 8 (color)

Note The image appears horizontally compressed in this mode

and no longer exhibits a true aspect ratio.
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Format_7 Mode_5 By default and without further remapping use Format_7 Mode_5 for
® b/wcameras: 2 out of 4 vertical sub-sampling
e color cameras: 2 out of 4 vertical sub-sampling

The different sub-sampling patterns are shown below.

2 out of 4 2 out of 8 (only F-145, F-146, F-201)
EEEN EEEN
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Figure 77: Vertical sub-sampling (b/w)
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2 out of 4 2 out of 8 (only F-145, F-146, F-201)
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Figure 78: Vertical sub-sampling (color)

Note The image appears vertically compressed in this mode and no

longer exhibits a true aspect ratio.

Format_7 Mode_6 By default and without further remapping use Format_7 Mode_6 for
2 out of 4 H+V sub-sampling

The different sub-sampling patterns are shown below.

2 out of 4 H+V sub-sampling
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Figure 79: 2 out of 4 H+V sub-sampling (b/w)
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2 out of 8 H+V sub-sampling (only F-145, F-146, F-201)
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Figure 80: 2 out of 8 H+V sub-sampling (b/w)
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2 out of 4 H+V sub-sampling
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Figure 81: 2 out of 4 H+V sub-sampling (color)

2 out of 8 H+V sub-sampling (only F-145, F-146, F-201)
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Figure 82: 2 out of 8 H+V sub-sampling (color)

Note Changing sub-sampling modes involves the generation of new
shading reference images due to a change in the image size.
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Binning and sub-sampling access

Format_7

The binning and sub-sampling modes described in the last two chapters are
only available as pure binning or pure sub-sampling modes. A combination

of both is not possible.

As you can see there is a vast amount of possible combinations. But the num-
ber of available Format_7 modes is limited and lower than the possible com-

binations.

Thus access to the binning and sub-sampling modes is implemented in the

following way:

e Format_7 Mode_0 is fixed and cannot be changed
e A maximum of 7 individual AVT modes can be mapped to Format_7

Mode_1 to Mode_7

(see Figure 83: Mapping of possible Format_7 modes to F7M1...F7M7 on

page 132)

® Mappings can be stored via register (see Chapter Format_7 mode map-
ping on page 285) and are uploaded automatically into the camera on

camera reset.

e The default settings (per factory) in the Format_7 modes are listed in

the following table

Stingray monochrome cameras Format_7

Stingray color cameras Format_7

Mode_0 full resolution, no binning, full resolution, no sub-sampling

no sub-sampling
Mode_1 2 x horizontal binning Only F-201C: 2 x horizontal binning
Mode_2 2 x vertical binning Only F-201C: 2 x vertical binning
Mode_3 2 x full binning Only F-201C: 2 x full binning
Mode_4 2 out of 4 horizontal sub-sampling 2 out of 4 horizontal sub-sampling
Mode_5 2 out of 4 vertical sub-sampling 2 out of 4 vertical sub-sampling
Mode_6 2 out of 4 full sub-sampling 2 out of 4 full sub-sampling

Table 41: Default Format_7 binning and sub-sampling modes (per factory)

Note °

A combination of binning and sub-sampling modes is

not possible.

® .

Use either pure binning or pure sub-sampling modes.
The Format_ID numbers 1...32 in the binning /

sub-sampling list do not correspond to any of the
Format_7 modes.
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F7 modes

Format_ID (see p285)

/1

AVT modes

according to IIDC 1394
F7MO (no change) /

F7M1

F7M2

F7M3

mapping of

F7M4

each of 27 modes

to F7M1..F7M7

F7M5

possible

F7M6

F7M7

0 |0 x horizontal
1 |2 x horizontal . —
2 |4 x horizontal 0 x vertical §
3 |8 x horizontal E
4 |0 x horizontal :,
5 |2 x horizontal . g
6 |4 x horizontal 2 x vertical g
7 |8 x horizontal ;
8 |0 x horizontal %’
9 |2 x horizontal 4 x vertical S
10 |4 x horizontal (not F-201C) o
11 |8 x horizontal =
12 |0 x horizontal ;
13 |2 x horizontal 8 x vertical =
14 |4 x horizontal (not F-201C) =
15 |8 x horizontal
16 |2 out of 2 horizontal =
17 |2 out of 4 horizontal 2 out of 2 vertical f
18 |2 out of 8 horizontal &
19 |2 out of 16 horizontal %
20 |2 out of 2 horizontal <
21 |2 out of 4 horizontal . o
22 |2 out of 8 horizontal 2 out of 4 vertical f
23 |2 out of 16 horizontal :.
24 |2 out of 2 horizontal E
25 |2 out of 4 horizontal 2 out of 8 vertical :
26 |2 out of 8 horizontal | °"Y FI;_124(;31,)F-146, s
27 |2 out of 16 horizontal :

Figure 83: Mapping of possible Format_7 modes to F7M1...F7M7
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Note Configuration
To configure this feature in an advanced register: See Table
@ 143: Advanced register: Format_7 mode mapping on page
285.

Quick parameter change timing modes

Why new timing modes?

For readers familiar with PIKE and MARLIN cameras: Former timing of the
PIKE cameras showed the same behavior as MARLIN cameras (All STINGRAY
cameras have already the new timing modes implemented):
* Frame rate or transfer rate is always constant (precondition:

shutter < transfer time)

® The delay from shutter update until the change takes place: up to 3
frames. Figure 84: Former standard timing on page 133 demonstrates
this behavior. It shows that the camera receives a shutter update com-
mand while the sensor is currently integrating (Sync is low) with shutter
setting 400. The camera continues to integrate and this image is output
with the next FVal. The shutter change command becomes effective with
the next falling edge of sync and finally the image taken with shutter
200 is output with a considerable delay.

e Parameters that are sent to the camera faster than the max. frame rate
per second are stored in a FIFO and are activated in consecutive images.

Shutter Update Command A

Current Charge Time 400 X 200

integrates image

continues integrating with

Sync with shutter eg 4 | shutter|200

tputs i tputs i
FVal J U L oriiege  H oeiiese
Figure 84: Former standard timing

Principally a Stingray camera is not able to recognize how many parameter
the user will change. Due to the fact that communication between host and
camera is asynchronous, it may happen that one part of parameter changes
is done in image n+1 and the other part is done in image n+2.
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To optimize the transfer of parameter changes there is a new timing mode
called Quick Format Change Mode, which effectively resets the current shut-
ter.

Therefore you can choose between the following update timing modes:
e Standard Parameter Update Timing
® New: Quick Format Change Mode

In the following you find a short description of both timing modes:

Standard Parameter Update Timing

The Standard Parameter Update Timing keeps the frame rate constant and
does not create any gaps between two image transfers via bus (precondition:
exposure (shutter) time must be smaller than transfer time).

® Frame rate / transfer rate is always constant
(if shutter time < transfer time)

e Delay from shutter update until change takes place is always 2 frames
(delay from update command reception by FPGA and not by microcon-
troller)

e Parameters sent to the camera faster than max. frame rate are no longer
stored in a FIFO. The last sent parameter will be activated for the next
image. All others will be dropped. This ensures that the last image is
shot with the last shutter setting.

New: Quick Format Change Mode (QFCM)

The Quick Format Change Mode creates gaps between two images. Current

exposure is interrupted and the new exposure is started immediately with

new parameters if during exposure (integration/shutter) an new shutter com-

mand is received.

® Frame rate / transfer rate can be interrupted. This is shown in the dia-
gram below whenever FVal goes low after a reception of a new shutter
command while Sync was low.

e Shutter will be interrupted, if the update command is received while
camera integrates

e Delay from shutter update until change takes place is always 1 frame
(the delay is calculated from update command reception by FPGA and
not by microcontroller)
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Current Timing Mode  UPD SPD) FAST2

Set New Shutter Value |

Current Shutter Value 200
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Figure 85: Quick Format Change Mode

How to transfer parameters to the camera

The following 3 variants of transferring the parameters are available:

Transfer mode

Encapsulated Update (begin/
end)

Advantage ®)

© easy to use (standard quad
writes in camera register is
possible)

Disadvantage ®

® one write access per register
access

Parameter-List Update

© only one write access for all
parameters

© fastest host->camera transfer
(from 5 parameters on faster
than encapsulated mode)

© handling of parameter list
easy

® not so easy to use (block
writes)

® max. 64 entries for parameter
list

Standard Update (IIDC)

© compliant with IIDC V1.31

® non deterministic change of
parameters

Table 42: Comparison of 3 transfer modes

In the following you find a short description of each variant:

Encapsulated Update (begin/end)

The Encapsulated Update (begin/end) has the following characteristics:
® Host will set a parameter update begin flag in the camera (UpdActive
Field in Register 0xF1000570, see Table 140: Advanced register: Update
timing modes on page 282)
® Host will send several parameters to the camera and then signalize end
by resetting the flag
e All parameters will become active for the same next image
® Dependent on timing mode, the camera
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- (standard Update): uses the previous parameters until the update
flag is reset

- (Quick Format Change Mode): waits until the update flag is reset.
In the Encapsulated Update (begin/end) the exact sequence is:
1. Parameter update begin (advanced feature register)
2. Standard IIDC register update (1..N register) (standard feature register)

3. Parameter update end (advanced feature register)

Camera timing behavior is like this:

Fast Parameter Update Timing Quick Format Change Mode

After the parameter update stop command all After the parameter update start command a cur-
changed parameters are valid for the available rent transfer is interrupted. A started exposure
next image. Frame rate is constant. will be interrupted until the next parameter

update stop command. Exposure of the next image
with new parameters is started.

There may be a gap between two succeeding
images but images are always transmitted com-
peletely.

Table 43: Encapsulated Update (begin/end): comparison of standard timing and fast timing 2

If after end of time-out (10 seconds after Quick Format Change Mode) no
parameter update end is sent, all changes will become valid.

A new write event of parameter update begin starts time-out again.

Parameter-List Update

In the Parameter-List Update mode a complete list with IIDC addresses and

values of up to 64 parameters is sent to the camera.

® Host sends a list with parameters to the camera (advanced feature
space)

e Microcontroller processes that list

e All parameters will become active for the same image

e Dependent on timing mode, the camera will:

- Standard Format Change Mode: use the previous parameters until
the new parameter set is copied to the FPGA

- Quick Format Change Mode (QFCM): waits until all parameters have
been copied to the FPGA and may interrupt an already started inte-
gration for a new integration with the new settings
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Example of parameter list:

Address Value

0xFOF0081C 0x80000100
0xFOF00820 0x800000ac
0xFOF00818 0x82000001

Table 44: Example of parameter list

The exact sequence is:

Block-write (this needs to be a functionality of the underlying software stack
(e.g. AVT FirePackage). It may not be available for third party IIDC software
stacks.) of list to advanced feature address

Camera timing behavior is like this:

Fast Parameter Update Timing Quick Format Change Mode (QFCM)

After block write command is processed in the After transfer of the parameter list via block write
camera all changed parameters are valid for the |a current transfer will be finished. A started expo-
available next image. Frame rate is constant. sure will be interrupted until the microcontroller

has processed the list and copied it into the FPGA.
Exposure of the next image with new parameters

is started.

There may be a gap between two images.

Table 45: Parameter-List Update: comparison of standard timing and QFCM

Standard Update (IIDC)

In the Standard Update (IIDC) mode single parameter are sent to the cam-
era.

e Standard Update (IIDC) shows same behavior as MARLIN

® Parameter will be sent from host to camera and will be activated as soon
as possible without interruption of the transfer

e If the host updates more than one parameter (without block write) the
parameters may become active in different images

¢ Standard Update (IIDC) can be combined with the new parameter
update timing modes
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Camera timing behavior is like this:

Fast Parameter Update Timing

Quick Format Change Mode (QFCM)

After sending a new parameter value, the changed
parameter value is valid for the available next
image. Frame rate is constant.

After sending a new parameter value, the changed
parameter value is valid for the available next
image.

A running exposure will be interrupted and the
image is dropped.

There may be a gap between two consecutive
image transfers.

Table 46: Standard Update (IIDC): comparison of Standard Format Change Mode and QFCM

Packed 12-Bit Mode

All Stingray cameras have the so-called Packed 12-Bit Mode. This means:
two 12-bit pixel values are packed into 3 bytes instead of 4 bytes.

B/w cameras

Color cameras

SmartView: MONO12

Packed 12-Bit MONO camera mode

Packed 12-Bit RAW camera mode
SmartView: RAW12

Mono and raw mode have the same implementation.

Table 47: Packed 12-Bit Mode

Note

For data block packet format see Table 32: Packed 12-Bit

Mode (mono and raw) Y12 format on page 93.

®

For data structure see Table 33: Data structure of Packed 12-
Bit Mode (mono and raw) on page 94.

The color codings are implemented via Vendor Unique Color_Coding accord-
ing to IIDC V1.31: COLOR_CODING_INQ @ 024h...033h, IDs=128-255)

See Table 112: Format_7 control and status register on page 249.

Mode Color_Coding ID
Packed 12-Bit MONO | ECCID_MONO12 ID=132
Packed 12-Bit RAW ECCID_RAW12 ID=136

Table 48: Packed 12-Bit Mode: color coding
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High SNR mode (High Signal Noise Ratio)

Note Configuration
To configure this feature in an advanced register: See Table
@ 137: Advanced register: High Signal Noise Ratio (HSNR) on
page 279.

In this mode the camera grabs and averages a set number of images and out-
puts one image with the same bit depth and the same brightness. This means
that the camera will output an 8-bit averaged image when an 8-bit image
format is selected.

Because of the fact that normally uncorrelated (photon-, amplifier-) noise
dominates over correlated noise (fixed pattern noise), adding two images
will double (6 dB) the gray levels but only increase the noise levels by J2?
(3 dB).

This enhances both the dynamic range as well as the signal-to-noise ratio.

Consequently adding 256 8-bit images will lead to a potential signal-to-noise
enhancement of 24 dB or a resulting bit depth of 16 bit.

Note e The averaged image is output at a lower frame rate
roughly equivalent to fps_old/N, where N is the number
of images averaged. In fact, due to camera internal
conditions, and according to which format and mode

settings are in use, it can vary slightly to be closer
sometimes to 1/ ((N/fps_old) + T_shutter). It's imprac-
tical to express in a formula or tables, across all camera
models and modes. But these notes should be sufficient
to help each user determine that the camera behaves as
described.

e The camera must be in idle before turning this feature
on.

® The potential SNR enhancement may be lower when
using more than 8-bit original bit depth.

e Select 16-bit image format in order to take advantage
of the full potential SNR and DNR (DyNamic Range)
enhancements.
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Frame memory and deferred image transport

An image is normally captured and transported in consecutive steps. The
image is taken, read out from the sensor, digitized and sent over the 1394
bus.

Deferred image transport

As all Stingray cameras are equipped with built-in image memory, this order
of events can be paused or delayed by using the deferred image transport
feature.

Stingray cameras are equipped with 32 MByte of RAM. The table below shows
how many frames can be stored by each model. The memory operates accord-
ing to the FIFO (first in, first out) principle. This makes addressing for indi-
vidual images unnecessary.

Model Memory size

Stingray F-033B/C
) ] 50 frames
Stingray F-033B/C fiber
Stingray F-046B/C
) 35 frames
Stingray F-046B/C fiber
Stingray F-080B/C
. ] 19 frames
Stingray F-080B/C fiber
Stingray F-145B/C
. ) 10 frames
Stingray F-145B/C fiber
Stingray F-146B/C
) ] 10 frames
Stingray F-146B/C fiber
Stingray F-201B/C
) ] 7 frames
Stingray F-201B/C fiber

Table 49: FIFO memory size

Deferred image transport is especially useful for multi-camera applications:

Assuming several cameras acquire images concurrently. These are stored in
the built-in image memory of every camera. Until this memory is full, the lim-
iting factor of available bus bandwidth, DMA- or ISO-channel is overcome.

Image transfer is controlled from the host computer by addressing individual
cameras one after the other and reading out the desired number of images.
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Configuration

To configure this feature in an advanced register: See Table
127: Advanced register: Deferred image transport on page

Holdimg mode

By setting the HoldImg flag, transport of the image over the 1394 bus is
stopped completely. All captured images are stored in the internal
ImageFiFo. The camera reports the maximum possible number of images in
the FiFoSize variable.

Note

®

Pay attention to the maximum number of images that
can be stored in FIFO. If you capture more images than
the number in FIFOSize, the oldest images are over-
written.

The extra SendImage flag is set to true to import the
images from the camera. The camera sends the number
of images set in the NumOfImages parameter.

If NumOfImages is 0, all images stored in FIFO will be
sent.

If NumOfImages is not 0, the corresponding number of
images will be sent.

If the HoldImg field is set to false, all images in
ImageFIFO will be deleted. No images will be sent.
The last image in the FIFO will be corrupted, when
simultaneously used as input buffer while being read
out. In this case read out one image less than max.
buffer size.

NumOfImages is incremented after an image was read
out of the sensor and therefore stored into the onboard
image FIFO.

NumOfImages is decremented after the last isochro-
nous packet of an image was handed over to the
IEEE1394 chipset of the camera.
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The following screenshot shows the sequence of commands needed to work
with deferred mode.

Stingray F145C (CO, NO) - Direct access [¥]

Register: | ADW_DEFERREDTRANS v
Address: | F1O0OZE0
Data: | 52000400

#  rw | Address YValue

11 rd FlODOZE0  S2000A00

10 wr FIOOO260 86000401

9 rd FlOOOZE0 52000401

& wr FL000260 85000401

7 rd FlOOOZE0 52000402

& wr FOFOOSIC 82000000

5 wr FOFOOSIC 82000000

4 wr FIO00260 52000400

3 rd FIO00Z60 50000400

Z wr FOFOOS14 00000000

1 rd FOFOOS14 00000000

Figure 86: Example: Controlling deferred mode (SmartView - Direct Access; Stingray F-145C)

For a description of the commands see the following table:

# rw Address Value Description

11 |rd |F1000260 |82006900h |Check how many images are left in FIFO
10 |wr |F1000260 |86006901h |Read out the second image of FIFO

9 |rd |F1000260 |82006901h |Check how many images are left in FIFO
8 |wr |F1000260 |86006901h |Read out the first image of FIFO

7 |rd |F1000260 |82006902h |Check that two images are in FIFO

6 |wr |FOF0061C |82000000h |Do second one-shot

5 |wr [FOF0061C |82000000h |Do first one-shot

4 |wr |F1000260 |82000A00h |Switch deferred mode on

3 |rd |F1000260 |80000A00h |Check pres. of deferred mode and FIFO size (OAh = 10 frames)
2 |wr |FOF00614 |00000000h |Stop continuous mode of camera

1 |rd |FOFO0614 |00000000h |Starting SmartView

Table 50: Example: Controlling deferred mode (SmartView - Direct Access; Stingray F-145C)
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FastCapture mode

Note This mode can be activated only in Format_7.

®

By setting FastCapture to false, the maximum frame rate both for image
acquisition and read out is associated with the packet size set in the
BYTE_PER_PACKET register. The lower this value is, the lower the attainable
frame rate is.

By setting FastCapture to true, all images are recorded at the highest pos-
sible frame rate, i.e. the setting above does not affect the frame rate for the
image intake but only the read out. The speed of the image transport over
the 1394 bus can be defined via the BytesPerPacket register. This mode is
ideal for applications where a burst of images need to be recorded at the
highest sensor speed but the output can be at a lower frame frequency to
save bandwidth.

Similar to the HoldImg mode, captured images will be stored in the internal
image FIFO, if the transport over the 1394 bus is slower than images are cap-
tured.
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|

Color interpolation (BAYER demosaicing)

The color sensors capture the color information via so-called primary color
(R-G-B) filters placed over the individual pixels in a BAYER mosaic layout.
An effective BAYER > RGB color interpolation already takes place in all
Stingray color version cameras.

In color interpolation a red, green or blue value is determined for each pixel.
An AVT proprietary BAYER demosaicing algorithm is used for this interpola-
tion (2x2), optimized for both sharpness of contours as well as reduction of
false edge coloring.

Figure 87: BAYER demosaicing (example of 2x2 matrix)

Color processing can be bypassed by using so-called RAW image transfer.

RAW mode is primarily used to
e save bandwidths on the IEEE 1394 bus
® achieve higher frame rates

® use different BAYER demosaicing algorithms on the PC (for all Stingray
models the first pixel of the sensor is RED).

Note If the PC does not perform BAYER to RGB post-processing, the
b/w image will be superimposed with a checkerboard pattern.
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In colorinterpolation a red, green or blue value is determined for each pixel.
Only two lines are needed for this interpolation:

Input:

Output:

Figure 88: BAYER demosaicing (interpolation)

P1.4 = R1 P24 = R2 P3,.4 = R2
G1+G3 G1+G4 G2+ G4
Plgreen - 2 Pzgreen - 2 P3green - 2
P11, = B1 P2 e = Bl P3plue = B2

Formula 4: BAYER demosaicing

Note Please note that on the color camera, a wrongly colored bor-
der of one or two pixel wide forms on the left and right image
borders. This is also a consequence of BAYER demosaicing as
the image width displayed on the color camera is not scaled
down.
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Sharpness

The Stingray color models are equipped with a four-step sharpness control,
applying a discreet horizontal high pass in the Y channel as shown in the
next five line profiles.

Sharpness 0, 1, 2, 3, 4 is calculated with the following scheme:

0 ‘ +0.25 ‘ +0.5 ‘ +0.25 | Least sharp

_

‘ +0.125 ‘ +0.75 ‘ +0.125 | Less sharp

Default: no sharp-
2 0 1 0 ness applied in
either direction

3 ‘ -0.25 ‘ +1.5 ‘ -0.25 | Some sharp

4 ‘ -0.5 ‘ 2 ‘ -0.5 | Most sharp

Table 51: Sharpness scheme

Stingray F145C {(CO,NO) - Profile for line #36 5tingray F145C (CO,N0O) - Profile for line #36 |Stingray F145C (CO,NO) - Profile for line #36

Max:228 Max:230 M ax:245 LWMI\

Min:27 79 Min:23 |, 79 Min:11 79

Figure 89: Sharpness: left: 2, middle: 3, right: 4
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Note

®

Note

®

Hue and saturation

/1

Sharpness does not show any effect on Stingray color models
in the Raw8 and Raw16 format, because color processing is
switched off in all Raw formats.

Configuration

To configure this feature in feature control register: See
Table 110: Feature control register on page 245.

Stingray CCD color models are equipped with hue and saturation registers.

The hue register at offset 810h allows the color of objects to be changed
without altering the white balance, by +/- 40 steps (+/- 10°) from the nom-
inal perception. Use this setting to manipulate the color appearance after
having carried out the white balance.

The saturation register at offset 814h allows the intensity of the colors to
be changed between 0 and 200% in steps of 1/256.

This means a setting of zero changes the image to black and white and a set-
ting of 511 doubles the color intensity compared to the nominal one at 256.

Note

®

Note

®

Configuration

To configure this feature in feature control register: See
Table 110: Feature control register on page 245.

Hue and saturation do not show any effect on Stingray color
models in the Raw8 and Raw16 format, because color pro-
cessing is switched off in all Raw formats.
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Color correction

Why color correction?

The spectral response of a CCD is different of those of an output device or
the human eye. This is the reason for the fact that perfect color reproduction
is not possible. In each Stingray camera there is a factory setting for the
color correction coefficients, see Chapter GretagMacheth ColorChecker on
page 148.

Color correction is needed to eliminate the overlap in the color channels. This
overlap is caused by the fact that:

e Blue light: s seen by the red and green pixels on the CCD
® Red light: is seen by the blue and green pixels on the CCD
e Green light: is seen by the red and blue pixels on the CCD

The color correction matrix subtracts out this overlap.

Color correction in AVT cameras

In AVT cameras the color correction is realized as an additional step in the
process from the sensor data to color output.

Color correction is used to harmonize colors for the human eye.

Stingray cameras have the so-called color correction matrix. This means: you
are able to manipulate the color-correction coefficients yourself.

Color correction: formula

Before converting to the YUV format, color correction on all color models is
carried out after BAYER demosaicing via a matrix as follows:

red*
green* = Crg x red + Cgg x green + Chg x blue
blue* = Crb x red + Cgb x green + Cbhb x blue

Crr x red + Cgr x green + Cbr x blue

Formula 5: Color correction

GretagMacbeth ColorChecker

Sensor-specific coefficients C,, are scientifically generated to ensure that
GretagMacheth™ ColorChecker® colors are displayed with highest color fidel-
ity and color balance.

These coefficients are stored in user set 0 and can not be overwritten (factory
setting).
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Changing color correction coefficients

You can change the color-correction coefficients according to your own
needs. Changes are stored in the user settings.

Note

®

Note

®

A number of 1000 equals a color correction coefficient
of 1.

To obtain an identity matrix set values of 1000 for the
diagonal elements an 0 for all others. As a result you
get colors like in the RAW modes.

The sums of all rows should be equal to each other. If
not, you get tinted images.

Color correction values range -1000 ... +2000 and are
signed 32 bit.

In order for white balance to work properly ensure that
the row sum equals 1000.

Each row should sum up to 1000. If not, images are less
or more colorful.

The maximum row sum is limited to 2000.

Configuration

To configure the color-correction coefficients in an
advanced register: See Table 133: Advanced register: Color
correction on page 276.

To change the color-correction coefficients in SmartView, go to Adv3 tab.

Switch color correction on/off

Color correction can also be switched off in YUV mode:

Note

®

Note

®

Configuration

To configure this feature in an advanced register: See Table
133: Advanced register: Color correction on page 276.

Color correction is deactivated in RAW mode.
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Color conversion (RGB > YUV)

The conversion from RGB to YUV is made using the following formulae:

Y = 0.3xR+059xG+ 0.11xB

U= -0.169 x R—0.33 x G+ 0.498 x B+ 128 (@ 8 bit)

V = 0.498 x R—0.420 x G —0.082 x B + 128 (@ 8 bit)
Formula 6: RGB to YUV conversion

Note * As mentioned above: Color processing can be bypassed
by using so-called RAW image transfer.

@ e RGB - YUV conversion can be bypassed by using RGB8
format and mode. This is advantageous for edge color
definition but needs more bandwidth (300% instead of
200% relative to b/w or RAW consumption) for the
transmission, so that the maximal frame frequency will
drop.

Bulk Trigger

See Chapter Trigger modi on page 156 and the following pages.

Level Trigger

See Trigger Mode 1 in Chapter Trigger modi on page 156.
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Serial interface

All Stingray cameras are equipped with the SIO (serial input/output) feature
as described in IIDC V1.31. This means that the Stingray’s serial interface can
be used as a general RS232 interface.

Data written to a specific address in the IEEE 1394 address range will be sent
through the serial interface. Incoming data of the serial interface is putin a
camera buffer and can be polled via simple read commands from this buffer.
Controlling registers enable the settings of baud rates and the check of buffer
sizes and serial interface errors.

Note e Hardware handshaking is not supported.
e Typical PC hardware does not usually support
@ 230400 bps or more.

Base address for the function is: FOF02100h.
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Offset

000h

/1

To configure this feature in access control register (CSR):

Field
Baud_Rate

Name
SERIAL_MODE_REG

Description

Baud rate setting
WR: Set baud rate
RD: Read baud rate
0: 300 bps

: 600 bps

: 1200 bps

: 2400 bps

: 4800 bps

: 9600 bps

: 19200 bps

: 38400 bps

: 57600 bps

9: 115200 bps

10: 230400 bps
Other values reserved

00O NOYULUI NN WM -

Char_Length

[8..15]

Character length setting

WR: Set data length (7 or 8 bit)
RD: Get data length

7: 7 bits

8: 8 bits

Other values reserved

Parity

[16..17]

Parity setting

WR: Set parity

RD: Get parity setting
0: None

1: 0dd

2: Even

Stop_Bit

[18..19]

Stop bits

WR: Set stop bit

RD: Get stop bit setting
0:1

1: 1.5

2: 2

[20..23]

Reserved

Buffer_Size_Ing

[24..31]

Buffer Size (RD only)

This field indicates the maximum size of
receive/transmit data buffer.

If this value=1, Buffer_Status_Control

and SIO_Data_Register Char 1-3 should
be ignored.

Table 52: Serial input/output control and status register (SIO CSR)
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Offset

0004h

Name
SERIAL_CONTROL_REG

Field
RE

Bit

/1

Description

Receive enable
RD: Current status
WR:

0: Disable

1: Enable

TE

Transmit enable
RD: Current status
WR:

0: disable

1: Enable

Reserved

SERTAL_STATUS_REG

Transmit data buffer ready
Read only

0: not ready

1: ready

Reserved

[10]

Receive data buffer ready
Read only

0: not ready

1: ready

[11]

Reserved

ORER

[12]

Receive data buffer overrun error
Read: current status

WR:

0: no error (to clear status)

1: Ignored

FER

[13]

Receive data framing error
Read: current status

WR:

0: no error (to clear status)
1: Ignored

PER

[14]

Receive data parity error
Read: current status

WR:

0: no error (to clear status)
1: Ignored

[15..31]

Reserved

Table 52: Serial input/output control and status register (SIO CSR)
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Offset

008h

Name

RECEIVE_BUFFER_
STATUS_CONTRL

Field
RBUF_ST

Bit
[0..7]

/1

Description

SI0 receive buffer status

RD: Number of bytes pending in receive
buffer

WR: Ignored

RBUF_CNT

[8..15]

SIO receive buffer control

RD: Number of bytes to be read from the
receive FIFO

WR: Number of bytes left for readout
from the receive FIFO

[16..31]

Reserved

00Ch

TRANSMIT_BUFFER_
STATUS_CONTRL

TBUF_ST

[0..7]

SIO output buffer status
RD: Space left in TX buffer
WR: Ignored

TBUF_CNT

[8..15]

SIO0 output buffer control

RD: Number of bytes written to transmit
FIFO

WR: Number of bytes to transmit

[16..31]

Reserved

010h

OFFh

Reserved

100h

SIO_DATA_REGISTER

CHAR_O

[0..7]

Character_0
RD: Read character from receive buffer
WR: Write character to transmit buffer

SIO_DATA_REGISTER

CHAR_1

[8..15]

Character_1

RD: Read character from receive
buffer+1

WR: Write character to transmit
buffer+1

SIO_DATA_REGISTER

CHAR_2

[16..23]

Character_2

RD: Read character from receive
buffer+2

WR: Write character to transmit
buffer+2

SIO_DATA_REGISTER

CHAR_3

[24..31]

Character_3

RD: Read character from receive
buffer+3

WR: Write character to transmit
buffer+3

104h

1FFH

SIO_DATA_REGISTER_
ALIAS

[0..31]

Alias SIO_Data_Register area for block
transfer

Table 52: Serial input/output control and status register (SI0 CSR)
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To read data:

1.

Query RDRD flag (buffer ready?) and write the number of bytes the host
wants to read to RBUF_CNT.

Read the number of bytes pending in the receive buffer RBUF_ST (more
data in the buffer than the host wanted to read?) and the number of
bytes left for reading from the receive FIFO in RBUF_CNT (host wanted
to read more data than were in the buffer?).

Read received characters from SIO_DATA_REGISTER, beginning at char 0.

To input more characters, repeat from step 1.

To write data:

1. Query TDRD flag (buffer ready?) and write the number of bytes to send
(copied from SIO register to transmit FIFO) to TBUF_CNT.

2. Read the available data space left in TBUF_ST (if the buffer can hold
more bytes than are to be transmitted) and number of bytes written to
transmit buffer in TBUF_CNT (if more data is to be transmitted than fits
in the buffer).

3. Write character to SIO_DATA_REGISTER, beginning at char 0.

4. To output more characters, repeat from step 1.

Note e Contact your local dealer if you require further informa-

tion or additional test programs or software.

@ e AVT recommends the use of Hyperterminal™ or other

communication programs to test the functionality of

this feature. Alternatively use SmartView to try out this
feature.
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Controlling image capture

Shutter modes The cameras support the SHUTTER_MODES specified in IIDC V1.31. For all
models this shutter is a global pipelined shutter; meaning that all pixels are
exposed to the light at the same moment and for the same time span.

Pipelined Pipelined means that the shutter for a new image can already happen, while
the preceding image is transmitted.

Continuous mode In continuous modes the shutter is opened shortly before the vertical reset
happens, thus acting in a frame-synchronous way.

External trigger Combined with an external trigger, it becomes asynchronous in the sense
that it occurs whenever the external trigger occurs. Individual images are
recorded when an external trigger impulse is present. This ensures that even
fast moving objects can be grabbed with no image lag and with minimal
image blur.

Camera I/0 The external trigger is fed as a TTL signal through Pin 4 of the camera
I/0 connector.

Trigger modi

Stingray cameras support IIDC conforming Trigger_Mode_0 and
Trigger_Mode_1 and special Trigger_Mode_15 (bulk trigger).

Trigger mode also known as Description

Trigger_Mode_0 Edge mode Sets the shutter time according to the value set in
the shutter (or extended shutter) register

Trigger_Mode_1 Level mode Sets the shutter time according to the active low
time of the pulse applied (or active high time in
the case of an inverting input)

Trigger_Mode_15 Programmable mode Is a bulk trigger, combining one external trigger
event with continuous or one-shot or multi-shot
internal trigger

Table 53: Trigger modi
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Y External Trigger input, as applied at input pin

/ 4  External Trigger input, after inverting opto coupler

Trigger_Mode_0, low_active setting in
register FOFO0830h

le——Shutter register value—|

External Trigger input, as applied at pin

External Trigger input,
after inv. Opto.

Trigger_Mode_1,
low_active setting

l———1Integration Time——»

Figure 90: Trigger_Mode_0 and 1
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Bulk trigger (Trigger Mode_15)

Trigger_Mode_15 is an extension to the IIDC trigger modes. One external
trigger event can be used to trigger a multitude of internal image intakes.

This is especially useful for:

e Grabhing exactly one image based on the first external trigger.

® Filling the camera's internal image buffer with one external trigger with-
out overriding images.

® (rabbing an unlimited amount of images after one external trigger (sur-
veillance)

The figure below illustrates this mode.

A External Trigger input, after inverting optocoupler

Trigger_Mode_15 (Bulk trigger)

N x image; N: continuous, one_shot, multi_shot

Figure 91: Trigger_Mode_15 (bulk trigger)
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The functionality is controlled via bit [6] and bitgroup [12-15] of the follow-
ing register:

Description

0xFOF00830

TRIGGER_MODE

Presence_Inq

Presence of this feature:
0: N/A
1: Available

Abs_Control

Absolute value control

0: Control with value in the Value field

1: Control with value in the Absolute value
CSR

If this bit = 1 the value in the Value field
has to be ignored.

[2..5]

Reserved

ON_OFF

Write: ON or OFF this feature

Read: read a status

0: OFF

1: ON

If this bit = 0, other fields will be read only.

Trigger_Polarity

[7]

Select trigger polarity
(Except for software trigger)

If Polarity_Inq is 1:

Write to change polarity of the trigger
input.

Read to get polarity of the trigger input.

If Polarity_Inqg is O:
Read only.

0: Low active input
1: High active input

Trigger_Source

[8..10]

Select trigger source

Set trigger source ID from trigger source
ID_Ing.

Trigger_Value

[11]

Trigger input raw signal value
read only

0: Low
1: High

Trigger_Mode

[12..15]

Trigger_Mode
(Trigger_Mode_0..15)

[16..19]

Reserved

Parameter

[20..31]

Parameter for trigger function, if required
(optional)

Table 54: Trigger_Mode_15 (Bulk trigger)
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The screenshots below illustrate the use of Trigger_Mode_15 on a register

level:

® Line #1switches continuous mode off, leaving viewer in listen mode.
® Line #2 prepares 830h register for external trigger and Mode_15.

Left = continuous

Line #3 switches camera back to
continuous mode. Only one
image is grabbed precisely with
the first external trigger.

To repeat rewrite line three.

Middle = one-shot

Line #3 toggles one-shot bit [0]
of the one-shot register 61C so
that only one image is grabbed,
based on the first external trig-
ger.

To repeat rewrite line three.

Right = multi-shot

Line #3 toggles multi-shot bit

[1] of the one-shot register 61C
so that Ah images are grabbed,
starting with the first external

trigger.

To repeat rewrite line three.

Table 55: Description: using Trigger_Mode_15: continuous, one-shot, multi-shot

Stingray F145C {C0, NO) - Direct access [X]

Stingray F145C (C0, NO) - Direct access [X]

Stingray F145C {C0, NO) - Direct access [X]

Reqgister: | IS0 _EMABLE -
Address: | FOFOOS14
Datai | 80000000

# rw  Address Yalue

3 wr  FOFOOBL4 50000000

z wr FOFOOE30 020F000

1 wr FOFOOG14 00000000

Note

Reqister: | OME_SHOT w

Address: | FOFODELC |+

Data: | 80000000
# rw Address Yalue
3w FOFODSIC 50000000
2w FOFODE30 020F0000
1w FOFODG14 00000000

Figure 92: Using Trigger_Mode_15: continuous, one-shot,

multi-shot

Reqgister: | OME_SHOT v
Address: | FOFOOS1C  »
Data: | 40000004

# rw  Address Yalue

3 wr  FOFOOSIC 40000004

Z wr FOFOOE30 020FO000

1 wr FOFO0G14 00000000

Shutter for the images is controlled by shutter register.

®
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Trigger delay

/1

As already mentioned earlier Stingray cameras feature various ways to delay

image capture based on external trigger.

With IIDC V1.31 there is a standard CSR at register FOF00534/834h to control
a delay up to FFFh x time base value.

The following table explains the Inquiry register and the meaning of the var-

ious bits.

Name
TRIGGER_DLY_INQUIRY

Field Bit Description

Presence_Ing [0] Indicates presence of this feature
(read only)

Abs_Control_Ing |[1] Capability of control with absolute
value

[2] Reserved

One_Push_Ing |[3] One-push auto mode (controlled
automatically by the camera once)

ReadOut_Ing [4] Capability of reading out the value
of this feature

On_0ff_Ing [5] Capability of switching this feature
ON and OFF

Auto_Ing [6] Auto mode (controlled automati-
cally by the camera)

Manual_Ing [7] Manual mode (controlled by user)

Min_Value [8..19] |Minimum value for this feature

Max_Value [20..31] | Maximum value for this feature

Table 56: Trigger delay inquiry register
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Register Name Field Bit Description
0xFOF00834 | TRIGGER_DELAY |Presence_Ing |[0] Presence of this feature:
0: N/A
1: Available
Abs_Control [1] Absolute value control

0: Control with value in the Value field
1: Control with value in the Absolute
value CSR

If this bit = 1, the value in the Value
field has to be ignored

--- [2..5] Reserved

ON_OFF [6] Write: ON or OFF this feature

Read: read a status

0: OFF

1: ON

If this bit = 0, other fields will be read
only.

--- [7..19] |Reserved

Value [20..31] |Value

If you write the value in OFF mode, this
field will be ignored.

If ReadOut capability is not available,
then the read value will have no mean-

ing.

Table 57: CSR: trigger delay

Trigger delay advanced register

In addition, the cameras have an advanced register which allows even more
precise image capture delay after receiving a hardware trigger.

Register Name Field Bit Description
0xF1000400 TRIGGER_DELAY |Presence_Ing |[0] Indicates presence of this fea-
ture (read only)
--- [1..5] Reserved
ON_OFF [6] Trigger delay on/off
--- [7..10] Reserved
DelayTime [11..31] Delay time in pus

Table 58: Advanced CSR: trigger delay
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The advanced register allows start of the integration to be delayed by max.

221 us, which is max. 2.1 s after a trigger edge was detected.

Note e Switching trigger delay to ON also switches external
Trigger_Mode_0 to ON.

@ e This feature works with external Trigger_Mode_0 only.

Exposure time (shutter) and offset

The exposure (shutter) time for continuous mode and Trigger_Mode_0 is
based on the following formula:

Shutter register value x time base + offset

The register value is the value set in the corresponding IIDC 1.31 register
(SHUTTER [81Ch]). This number is in the range between 1 and 4095.

The shutter register value is multiplied by the time base register value (see
Table 121: Time base ID on page 261). The default value here is set to 20 ps.

A camera-specific offset is also added to this value. It is different for the
camera models:

Exposure time offset

Camera model Exposure time offset

Stingray F-033 27 us
Stingray F-046 27 us
Stingray F-080 45 ps
Stingray F-145 70 ps
Stingray F-146 35 ps
Stingray F-201 44 us

Table 59: Camera-specific exposure time offset
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Minimum exposure time

Camera model Minimum exposure time Effective min. exp. time

= Min. exp. time + offset

Stingray F-033 4 s 4 us + 27 ps =31 ps
Stingray F-046 4 ps 4 s+ 27 ps =31 ps
Stingray F-080 4 ps 4 Us + 45 ps =49 ps
Stingray F-145 4 ps 4us+70 us =74 ps
Stingray F-146 4 s 4 us + 35 pus =39 ps
Stingray F-201 4 s 4 us + 44 pus = 48 ps

Table 60: Camera-specific minimum exposure time

Example: Stingray F-033

Camera Register value Time base (default)
Stingray F-033 100 20 s

Table 61: Register value and time base for Stingray F-033

register value x time base = exposure time
100 x 20 ps + 27 ps = 2027 s exposure time

The minimum adjustable exposure time set by register is 4 ps. = The real
minimum exposure time of Stingray F-033 is then:
4pus + 27 ps=31ps

Extended shutter

The exposure time for long-term integration of up to 67 seconds can be
extended via the advanced register: EXTENDED_SHUTTER

Register Name i Description
0xF100020C | EXTD_SHUTTER |Presence_Inqg |[[O] Indicates presence of this feature (read
only)
--- [1.. 5] |Reserved
ExpTime [6..31] |Exposure time in ps

Table 62: Advanced register: Extended shutter

The longest exposure time, 3FFFFFFh, corresponds to 67.11 sec.
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The lowest possible value of ExpTime is camera-specific (see Table 60: Cam-
era-specific minimum exposure time on page 165).

Note

®

Exposure times entered via the 81Ch register are mir-
rored in the extended register, but not vice versa.
Longer integration times not only increase sensitivity,
but may also increase some unwanted effects such as
noise and pixel-to-pixel non-uniformity. Depending on
the application, these effects may limit the longest
usable integration time.

Changes in this register have immediate effect, even
when the camera is transmitting.

Extended shutter becomes inactive after writing to a
format/mode/frame rate register.
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One-shot

Stingray cameras can record an image by setting the one-shot bit in the
61Ch register. This bit is automatically cleared after the image is captured.
If the camera is placed in ISO_Enable mode (see Chapter ISO_Enable / free-
run on page 170), this flag is ignored.

If one-shot mode is combined with the external trigger, the one-shot com-
mand is used to arm it. The following screenshot shows the sequence of com-
mands needed to put the camera into this mode. It enables the camera to
grab exactly one image with an external trigger edge.

If there is no trigger impulse after the camera has been armed, one-shot can
be cancelled by clearing the bit.

Stingray F145C {C0, NO) - Direct access

Register: | OME_SHOT w

Address: | FOFODE1C |+
Data: | 50000000

# rw  Address Walue

7 wr  FOFOO&1C S0000000
6 rd FOFOO&1C Q0000000
% wr  FOFOOS30 S2000000
4 rd  FOFO0330 S0000000
3 wr  FOFOO&14 Q0000000
Z rd FOFO0&14 S0000000
1 rd FOFOD&14 Q0000000

Figure 93: One-shot control (SmartView)

Address  Value Description
7 wr FOF0061C |80000000 |Do one-shot.
6 rd FOF0061C |00000000 |Read out one-shot register.
5 wr FOF00830 |82000000 |Switch on external trigger mode 0.
4 rd FOF00830 |80000000 |Check trigger status.
3 wr FOF00614 |00000000 |Stop free-run.
2 rd FOF00614 |80000000 |Check Iso_Enable mode (—>free-run).
1 rd FOF00614 |00000000 |This line is produced by SmartView.

Table 63: One-shot control: descriptions
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One-shot command on the bus to start of
exposure

The following sections describe the time response of the camera using a sin-
gle frame (one-shot) command. As set out in the IIDC specification, this is
a software command that causes the camera to record and transmit a single
frame.

The following values apply only when the camera is idle and ready for use.
Full resolution must also be set.

Feature Value

One-shot = microcontroller sync <150 ps (processing time in the
microcontroller)

pC-Sync/ExSync > integration start |8 ps

Table 64: Values for one-shot

Microcontroller sync is an internal signal. It is generated by the microcon-
troller to initiate a trigger. This can either be a direct trigger or a release for
ExSync if the camera is externally triggered.
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End of exposure to first packet on the bus

After the exposure, the CCD sensor is read out; some data is written into the
FRAME_BUFFER before being transmitted to the bus.

The time from the end of exposure to the start of transport on the bus is:
710 ps £ 62.5 ps
This time jitters with the cycle time of the bus (125 ps).

OneShot Command

<>

Decode command

<150 pus
| — u

Integration-Start

Exposure Time

Timebase Reg. >
X
Shutter-Reg.

Timebase x Shutter + Offset

Offset ~ / Stingray F-033: 27 ps
Stingray F-046: 27 ps
7\ Stingray F-080: 45 us

Stingray F-145: 70 us

. Stingray F-146: 35 us
Processing Delay | Stingray F-201: 44 ps
. <710
First Packet on Bus +/.62,5H is

<~

Figure 94: Data flow and timing after end of exposure
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Multi-shot

Setting multi-shot and entering a quantity of images in Count_Number in
the 61Ch register enables the camera to record a specified number of images.

The number is indicated in bits 16 to 31. If the camera is put into
ISO_Enable mode (see Chapter ISO_Enable / free-run on page 170), this flag
isignored and deleted automatically once all the images have been recorded.

If multi-shot mode is activated and the images have not yet all been cap-
tured, it can be cancelled by resetting the flag. The same result can be
achieved by setting the number of images to 0.

Multi-shot can also be combined with the external trigger in order to grab a
certain number of images based on an external trigger. This is especially
helpful in combination with the so-called deferred mode to limit the number
of grabbed images to the FIFO size.

ISO Enable / free-run

Setting the MSB (bit 0) in the 614h register (ISO_ENA) puts the camera into
ISO_Enable mode or Continuous_Shot (free-run). The camera captures an
infinite series of images. This operation can be quit by deleting the 0 bit.

Asynchronous broadcast

The camera accepts asynchronous broadcasts. This involves asynchronous
write requests that use node number 63 as the target node with no
acknowledge.

This makes it possible for all cameras on a bus to be triggered by software
simultaneously - e.g. by broadcasting a one-shot. All cameras receive the
one-shot command in the same IEEE 1394 bus cycle. This creates uncertainty
for all cameras in the range of 125 ps.

Inter-camera latency is described in Chapter Jitter at start of exposure on
page 171.
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The following screenshot shows an example of broadcast commands sent with
the Firedemo example of FirePackage:

Figure 95: Broadcast one-shot

® Line 1 shows the broadcast command, which stops all cameras con-
nected to the same IEEE 1394 bus. It is generated by holding the Shift
key down while clicking on Write.

® Line 2 generates a broadcast one_shot in the same way, which forces
all connected cameras to simultaneously grab one image.

Jitter at start of exposure

The following chapter discusses the latency time which exists for all Stingray
CCD models when either a hardware or software trigger is generated, until the
actual image exposure starts.

Owing to the well-known fact that an Interline Transfer CCD sensor has both
a light sensitive area and a separate storage area, it is common to interleave
image exposure of a new frame and output that of the previous one. It makes
continuous image flow possible, even with an external trigger.

The uncertain time delay before the start of exposure depends on the state
of the sensor. A distinction is made as follows:

FVal is active - the sensor is reading out, the camera is busy

In this case the camera must not change horizontal timing so that the trigger
event is synchronized with the current horizontal clock. This introduces a
maximum uncertainty which is equivalent to the line time. The line time

depends on the sensor used and therefore can vary from model to model.

FVal is inactive - the sensor is ready, the camera is idle
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In this case the camera can resynchronize the horizontal clock to the new
trigger event, leaving only a very short uncertainty time of the master clock
period.

Exposure start jitter ~ Exposure start jitter

(while FVal) (while camera idle)
Stingray F-033 +9.75 ps +1.30 s
Stingray F-046 +11.59 ps + 1.30 ps
Stingray F-080 +15.29 ps +3.33 us
Stingray F-145 + 23.20 ps +5.40 us
Stingray F-146 +23.20 ps +5.87 us
Stingray F-201 +22.61 ps +3.56 ps

Table 65: Jitter at exposure start (no binning, no sub-sampling)

Note e Jitter at the beginning of an exposure has no effect on
the length of exposure, i.e. it is always constant.
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Sequence mode

Examples

Mode
All modes

Generally all AVT Stingray cameras enable certain image settings to be mod-
ified on the fly, e.g. gain and shutter can be changed by the host computer
by writing into the gain and shutter register even while the camera is run-
ning. An uncertainty of up to 3 images remains because normally the host
does not know (especially with external trigger) when the next image will
arrive.

Sequence mode is a different concept where the camera holds a set of dif-
ferent image parameters for a sequence of images. The parameter set is
stored volatile in the camera for each image to be recorded. This sequence
of parameter sets is simply called a sequence. The advantage is that the cam-
era can easily synchronize this parameter set with the images so that no
uncertainty can occur. ALl AVT Stingray cameras support 32 different
sequence parameters.

Additionally to the sequence mode known from Marlin cameras, the Stingray
cameras have:

e Repeat counter per sequence item

e Incrementing list pointer on input status (on/off)

® Pointer reset (software command; on input pin)

For a sequence of images, each image can be recorded with a different shut-
ter or gain to obtain different brightness effects.

The image area (AOI) of a sequence of images can automatically be modified,
thus creating a panning or sequential split screen effect.

The following registers can be modified to affect the individual steps of the
sequence. Different configurations can be accessed via e.g a footswitch
which is connected to an input.

this registers can be modified...

Cur_V_Mode, Cur_V_Format, ISO_Channel, ISO_Speed, Brightness,
White_Balance (color cameras only), Shutter, Gain, LUT, TestImage,
Image-Mirror, HSNR, Output-Ctrl, ColorCorrection matrix (color cam-
eras only), ISO-Channel, Shading-Ctrl, Sequence-Stepping Mode,
SIS_UserValue

Fixed modes only

Cur_V_Frm_Rate

Format_7 only

Image_Position (AOI-Top, AOI-Left), Image_Size (AOI-Width, AOI-
Height), Color_Coding_ID*, Binning*, Sub-Sampling*,
Byte_Per_Packet

*hidden in video formats and video modes

Table 66: Registers to be modified within a sequence
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Register

Note

®

Caution

N

/1

Sequence mode requires special care if changing image size,
Color_Coding_ID and frame rate related parameters. This is

because these changes not only affect settings in the camera
but also require corresponding settings in the receiving soft-
ware in the PC.

e Incorrect handling may lead to image corruption or
loss of subsequent images.

® Please ask for detailed support if you want to use
this feature.

How is sequence mode implemented?

There is a FIFO (first in first out) memory for each of the IIDC V1.31 registers
listed above. The depth of each FIFO is fixed to 32(dez) complete sets. Func-
tionality is controlled by the following advanced registers.

Name

Description

0xF1000220 |SEQUENCE_CTRL |Presence_Ing [0] Indicates presence of this feature
(read only)
--- [1..4] Reserved
AutoRewind [5]
ON_OFF [6] Enable/disable this feature
SetupMode [7] Sequence setup mode
--- [8..15] |Reserved
MaxLength [16..23] |Maximum possible length of a
sequence (read only)
SeqglLength [24..31] |Length of the sequence (32 dez for
all CCD models)
0xF1000224 |SEQUENCE_PARAM | --- [0..4] Reserved
ApplyParameters |[5] Apply settings to selected image of
sequence; auto reset
--- [6..7] Reserved
SeqStepMode [8..15] |Sequence stepping mode
ImageRepeat [16..23] |Image repeat counter
ImageNo [24..31] |Number of image within a sequence

Table 67: Advanced register: Sequence mode
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Register Name i Description

0xF1000228 |SEQUENCE_STEP  |Presence_Ing [0] Indicates presence of this feature
(read only)

--- [1..4] Reserved

PerformStep [5] Sequence is stepped one item for-
ward
PerformReset [6] Sequence reset
--- [7..23] |Reserved
SeqPosition [24..31] |Get the current sequence position
0xF100022C |SEQUENCE_RESET |Presence_Ing [0] Indicates presence of this feature

(read only)

--- [1..4] Reserved

PerformReset [5] Reset the sequence to start position
--- [6..31] |Reserved

Table 67: Advanced register: Sequence mode

Enabling this feature turns the camera into a special mode. This mode can be
used to set up a bunch of parameter sets for up to MaxLength consecutive

images.

Note The sequence mode of the Stingray series behaves slightly
different than the sequence mode of e.g. the Marlin series
and implements some new controlling features. You may use
a sequence with internal or external trigger and with the

Deferred Transport feature.

Setup mode

The SetupMode flag allows you to set up a sequence while capturing images.
Using this flag you get a visual feedback of the settings.

Set SetupMode flag when setting up the sequence and reset the flag before
using the sequence.

Sequence step mode

The SeqMode field selects the signal source for stepping the sequence one
parameter set further.
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SeqMode description

Sequence mode Description

0x80 This mode is the default sequence mode and stepping
the sequence is compatible to e.g. the Marlin series.
With each image integration start the sequence is
stepped one item further and the new parameter set
becomes active for the next image.

0x82 Stepping of the sequence is controlled by a rising edge
of an external signal. The new parameter set becomes
active with the next integration start. When using this
mode select the suitable input mode of the input lines.

0x84 Stepping of the sequence is controlled by a high level
of an external signal. The new parameter set becomes
active with the next integration start. When using this
mode select the suitable input mode of the input lines.

Other mode Choosing any other mode value, automatically defaults
to mode 0x80.

Table 68: Sequence mode description

Note It is also possible, that a sequence consists of parameter sets

~ with different sequence modes. This can be achieved by using
the SeqMode and the ImageNo fields within the
Sequence_Param register.

Sequence repeat counter

For each parameter set one can define an image repeat counter. Using the
image repeat counter means that a parameter set can be used for n consec-
utive images before the next parameter set is applied.

Setting the ImageRepeat field to 0 has the same effect like setting this field
to 1.

Manual stepping & reset

A sequence can be stepped further with a software command. To use manual
stepping use stepping mode 0x82 or 0x84, but don't setup any input pin for
external sequence stepping.

Every time the PerformStep flag is set the sequence will be stepped one
parameter set further. Manual stepping observes the repeat counter also.

For some application it could be useful to reset the sequence during runtime.
Simply set the PerformReset flag to one: the sequence starts over with the
very first parameter set.
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The following flow diagram shows how to set up a sequence.

Set
SEQUENCE_CTRL
ON_OFF flag to
true (1)
Set
SetupMode to
true (1)

<~

Set SeqglLength to
desired length
(<=MaxLength)

~_—

Set ImageNo =0 in
SEQUENCE_PARAM

< -

Assign image
parameters in the
corresp. registers

< -

ApplyParameters Repeat steps.until
=1 (Selfcleared) sequence Is

complete

Increment
ImageNo

<~

Disable SetupMode

< >

Start sequence in
MultiShot or
ISOEnable mode

Figure 96: Sequence mode flow diagram

During sequencing, the camera obtains the required parameters, image by
image, from the corresponding FIFOs (e.g. information for exposure time).
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Which sequence mode features are available?
® Repeat one step of a sequence n times where n can be set by the vari-
able ImageRepeat in SEQUENCE_PARAM.

e Define one or two hardware inputs in Input mode field of I0_INP_CTRL
as:

- Sequence step input (if two are set as input, they are AND gated) or
- Sequence reset input

Note From now on:
sequence step is I/0 controlled sequence stepping mode
@ sequence reset is I/0 controlled sequence pointer reset

Setup mode

The SetupMode flag allows you to set up a sequence while capturing images.
Using this flag you get a visual feedback of the settings. Set this flag when
setting up the sequence and reset the flag before using the sequence.

1/0 controlled sequence stepping mode

The 1/0 controlled sequence stepping mode can be done level controlled
or edge controlled:

Level controlled Edge controlled

e As long as the input is in high | ® A rising edge on the input will
state the sequence pointer will cause one pointer increment
be incremented from image to immediately.
image. e (an be combined with Quick

e (Can be combined with Quick Format Change Modes. See
Format Change Modes. See Chapter Standard Parameter
Chapter Standard Parameter Update Timing on page 134 and
Update Timing on page 134 and Chapter New: Quick Format
Chapter New: Quick Format Change Mode (QFCM) on page
Change Mode (QFCM) on page 134,

134.

e Level change is asynchronous to

image change.

Table 69: Description of sequence stepping control

The 1/0 controlled sequence stepping mode can be set for every single
sequence entry. Thus a sequence can be controlled in a very flexible manner.
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1/0 controlled sequence pointer reset

I/0 controlled sequence pointer reset is always edge controlled. A rising
edge on the input pin resets the pointer to the first entry.

I/0 controlled sequence pointer reset can be combined with Quick Format
Change Modes. See Chapter Standard Parameter Update Timing on page 134
and Chapter New: Quick Format Change Mode (QFCM) on page 134.

1/0 controlled sequence stepping mode and 1/0 controlled
sequence pointer reset via software command

Both sequence modes can be controlled via software command.

Points to pay attention to when working with a

sequence
Note e If more images are recorded than defined in
SegLength, the settings for the last image remain in
@ effect.
e If sequence mode is cancelled, the camera can use the

FIFO for other tasks. For this reason, a sequence must
be loaded back into the camera after sequence mode
has been cancelled.

* To repeat the sequence, stop the camera and send the
multi-shot or IsoEnable command again. Each of these
two commands resets the sequence.

e Using single-shot mode in combination with a
sequence does not make sense, because single-shot
mode restarts the sequence every time.

e The sequence may not be active when setting the
AutoRewind flag. For this reason it is important to set
the flag before the multi-shot or IsoEnable commands.

e If the sequence is used with the deferred transport
feature, the number of images entered in Seq_Length
may not be exceeded.

The following screenshot shows an example of a sequence for eight different
image settings. It uses the AVT Firetool program as graphical representa-
tion. Please note the changes in the shutter time; that creates descending
image brightness, and the change in the image position; which creates a
panning effect.
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Sequence settings ; ;Iglil

Sequence  View

. | VFormat | VMode IS0Chn | Iso! ightn. | WhiteBalVR | WhiteBalUB | Shutter | Gain | LUT | Te: ImgPosL 'osT. Size\ SizeH | ColorID | BytePacket
i 7 a 2 16 1] 0 1000 1 0 a a a 540 430 a 200
2 7 a 2 16 1] 0 900 i 1] a 100 a 540 430 a 200
3 7 a 2 16 a 0 500 1 1] a 200 a 540 480 a 200
4 A 1] 2 16 a 0 700 1 1] a 300 a 540 430 a 200
5 7 a 2 16 a 0 &00 1 1] a 300 100 540 430 a 200
(] 7 1] 2z 16 0 1] 500 1 Q 0 300 200 540 480 0 200
7 7 1] 2 16 0 1] 400 1 1] 0 300 300 540 430 0 200
8 7 0 2 16 0 (1] 300 1 1] 0 300 400 540 480 0 200

4 | i
Load current parameter | Sequence length: |8 3: Auto Rewind Sequenoe{)nl Upload |

Ready y

Figure 97: Example of sequence mode settings with AVT Firetool

Instead of Firetool you also can use SmartView (Version 1.8.0 or greater),
but image and transfer formats have to be unchanged (height, width,
ColorID).

To open the Sequence editor in SmartView:
1. Click Extras - Sequence dialog

Sequence editor Stingray F145C [C D, N 4050782814] - A¥T SmartView 1.8

File:
Step RepCnt StepMode | WFormat WMode WFps  IsoChn  IsoSpd | Brightness = WhiteBalwR = WhiteBalUB = Shutter Gain | Sharpness | HighSWR | LUT Shading ImgMirror ImgPosL ImgPosT
1 o on 2 0 15 a 5800 1e 284 284 2000 a i} a Cff Off OFf Q ]
2 o on 2 0 15 o 5800 16 264 264 1800 o o o Cff OFF OFF ] 0
3 a on 2 ] 15 a 5800 16 284 284 1600 a a a CFF CFF OFF a ]
4 o on 2 0 15 a 5800 1e 284 284 1400 a i} a OFF OFF Off Q ]
S o on 2 0 15 o 5800 16 264 264 1200 o o o Off Off OFf ] 0
] o on 2 0 15 1] 5800 18 284 254 1000 1] o 1] Cff Off OFf ] 0
7 a on 2 ] 15 a 5800 16 284 284 800 a a a CFF CFF OfF a ]
g o on z 0 15 a 5800 1e 264 254 (=) a o a Cff Off OFf Q ]
P \ 2

Lenagth: [De\ete row ] [Gst current settings ] Auto-rewind [] | Disable Sequence Apply Sequence

Sequence editor Stingray F145C [C 0, N 4050782814] - A¥T SmartView 1.8 =
Flle
ImgslzeW | ImgSizeH | ColorlD  EytePackel  ColCarr. | CCCoeffl (CCCoeffz  CCCoeff3 | CCCoeff4 | CCCoeffS  CCroeffé  CCCoeff7  CCCoeffs| CCCoeffd  Outpubl  OUEUEZ | Outputd | Outputé | SIS | SIsline | StsUserval
1368 1038 MoroB  [269 on 1040 -170 130 270 1300 30 50 470 1420 ofF ofF Off Off off 0 0
1388 1038 Moros |z896 on 1040 -170 130 270 1300 30 50 470 1420 oFF oFF Off Off off 0 0
1388 1038 Moros |z896 on 1040 -170 130 270 1300 30 50 470 1420 oFF oFF Off Off off 0 0
1388 1038 Moros |z896 on 1040 -170 130 270 1300 30 50 470 1420 oFF oFF Off Off off 0 0
1388 1038 Moros |z896 on 1040 -170 130 270 1300 30 50 470 1420 oFF oFF Off Off off 0 0
1388 1038 Moros |z896 on 1040 -170 130 270 1300 30 50 470 1420 oFF oFF Off Off off 0 0
1308 1038 Moros |z896 on 1040 -170 130 270 1300 30 50 470 1420 ofF ofF Off Off off 0 0
1388 1038 Monog 2896 on 1040 -170 130 -270 1300 -30 50 -470 1420 Off Off OFf OFf OFf o ]
< I =
Length: Get current: settings auto-rewind [] | Disabie Sequence [ Apply Sequence

Figure 98: SmartView: Extras - Sequence dialog
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Changing the parameters within a sequence

To change the parameter set for one image, it is not necessary to modify the
settings for the entire sequence. The image can simply be selected via the
ImageNo field and it is then possible to change the corresponding IIDC

V1.31 registers.

Points to pay attention to when changing the

parameters

Note

®

Caution

N

If the ApplyParameters flag is used when setting the
parameters, all not-configured values are set to default
values. As changing a sequence normally affects only
the value of a specific register, and all other registers
should not be changed, the ApplyParameters flag may
not be used here.

The values stored for individual images can no longer
be read.

If the camera is switched into sequence mode, the
changes to the IIDC V1.31 registers for the image spec-
ified in ImageNo take immediate effect.

Sequence mode requires special care if changing image
size and frame rate related parameters. This is because
these changes not only affect settings in the camera
but also require corresponding settings in the receiving
software in the PC (e.g. FirePackage).

Incorrect handling may lead to image corruption or
loss of subsequent images.

Please ask for detailed support if you want to use
this feature.
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Secure image signature (SIS): definition and
scenarios

Note For all customers who know SIS from Marlin cameras:
e Stingray cameras have additional SIS features: AOI,
@ exposure/gain, input/output state, index of sequence
mode and serial number.

e In contrary to Marlin cameras, in the Stingray SIS fea-
ture the endianness cannot be changed.

SIS: Definition

Secure image signature (SIS) is the synonym for data, which is inserted
into an image to improve or check image integrity.

All Stingray models can insert

® Time stamp (1394 bus cycle time at the beginning of integration)

e Trigger counter (external trigger seen only)

® Frame counter (frames read out of the sensor)

e AOI (x, y, width, height)

e Exposure (shutter) and gain

e Input and output state on exposure start

e Index of sequence mode

e Serial number

e User value

into a selectable line position within the image. Furthermore the trigger

counter and the frame counter are available as advanced registers to be read
out directly.

SIS: Scenarios

The following scenarios benefit from this feature:

® Assuming camera runs in continuous mode, the check of monotonically
changing bus cycle time is a simple test that no image was skipped or
lost in the camera or subsequently in the image processing chain.

e In (synchronized) multi-camera applications, the time stamp can be
used to identify those images, shot at the same moment in time.

® The cross-check of the frame counter of the camera against the frame
counter of the host system also identifies any skipped or lost images
during transmission.

e The cross-check of the trigger counter against the frame counter in the
camera can identify a trigger overrun in the camera.
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e AOI can be inserted in the image if it was set as a variable e.g. in a
sequence.

e Exposure/gain scenario parameters can be inserted in the image if set
as a variable in e.g. sequence mode to identify the imaging conditions.

e Inserting input and output state on exposure start can be helpful when
working with input and output signals.

® Index of sequence mode can be inserted if SIS is used together with
sequence mode.

e Serial number inserted in the image helps to document/identify the
camera in e.g. multi-camera applications.

Note ¢ FirePackage offers additional and independent checks
to be performed for the purpose of image integrity.
@ Details can be found in the respective documentation.
Note More information:
The handling of the SIS feature is fully described in the Chap-
@ ter Secure image signature (SIS) on page 287.
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Video formats, modes and bandwidth

The different Stingray models support different video formats, modes and
frame rates.

These formats and modes are standardized in the IIDC (formerly DCAM) spec-
ification.

Resolutions smaller than the generic sensor resolution are generated from
the center of the sensor and without binning.

Note e The maximum frame rates can only be achieved with
shutter settings lower than 1/framerate. This means
that with default shutter time of 40 ms, a camera will
not achieve frame rates higher than 25 frames/s. In

order to achieve higher frame rates, please reduce the
shutter time proportionally.

¢ The following tables assume that bus speed is
800 Mbit/s. With lower bus speeds (e.g. 400, 200 or
100 Mbit/s) not all frame rates may be achieved.

e Forinformation on bit/pixel and byte/pixel for each
color mode see Table 92: ByteDepth on page 215.

Note The following Format_7 tables show default Format_7
modes without Format_7 mode mapping.

@ For information on Format_7 mode mapping ...
[ ]

... see Chapter Mapping of possible Format_7 modes to
F7M1...F7M7 on page 132

e ... see Chapter Format_7 mode mapping on page 285

Note H-binning means horizontal binning.
V-binning means vertical binning.
@ Full binning (H+V) means horizontal + vertical binning

2 x binning means: 2 neighboring pixels are combined.
4 x binning means: 4 neighboring pixels are combined.

¢ Binning average means: signals form adjacent pixels
are combined by averaging.

* Binning increases signal-to-noise ratio (SNR), but
decreases resolution.

STINGRAY Technical Manual vV2.2.0
184



Video formats, modes and bandwidth

/1

Stingray F-033B / Stingray F-033C
and board level F-033B BL / F-033C BL

Format Mode Resolution Color mode 240 120 60 30 15 7.5 3.75

fps fps fps fps fps fps fps

0 160 x 120 |YUV444

1 320 x 240 |YUV422 X X X X X X

2 640 x 480 |YUV411 X X X X X X
0 3 640 x 480 |YUV422 X X X X X X

4 640 x 480 |RGB8

5 640 x 480 |Mono8 XX* | xx* | xx* | xx* | xx* | xx*

6 640 x 480 |Mono16 X X X X X X

Table 70: Video fixed formats Stingray F-033B / Stingray F-033C

*: Color camera outputs Mono8 interpolated image.

I:l Frame rates with shading are only achievable with 1394b (5S800).

Note

®

The following table shows default Format_7 modes without
Format_7 mode mapping.

For information on Format_7 mode mapping ...

e ... see Chapter Mapping of possible Format_7 modes to
F7M1...F7M7 on page 132

e ... see Chapter Format_7 mode mapping on page 285
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Video formats, modes and bandwidth / / /

Format Mode Resolution Color mode Maximal S800 frame rates for Format_7 modes
0 656 x 492 |Mono8 84 fps
Mono12 84 fps
Mono16 84 fps
656 x 492 |YUV411 84 fps
YUV422,Raw16 84 fps
Mono8,Raw8 84 fps
RGB8 67 fps
Raw12 84 fps
1 328 x 492 |Mono8 84 fps  2x H-binning
Mono12 84 fps  2x H-hinning
Mono16 84 fps  2x H-hinning
2 656 x 246 |Mono8 149 fps 2x V-binning
Mono12 149 fps 2x V-binning
Mono16 149 fps 2x V-binning
3 328 x 246 |Mono8 149 fps 2x H+V binning
Mono12 149 fps 2x H+V binning
Mono16 149 fps 2x H+V binning
4 328 x 492 |Mono8 84 fps 2 out of 4 H-sub-sampling
Mono12 84 fps 2 out of 4 H-sub-sampling
Mono16 84 fps 2 out of 4 H-sub-sampling
/ 328 x 492 |YUV411 84 fps 2 out of 4 H-sub-sampling
YUV422,Raw16 84 fps 2 out of 4 H-sub-sampling
Mono8,Raw8 84 fps 2 out of 4 H-sub-sampling
RGBS 84 fps 2 out of 4 H-sub-sampling
Raw12 84 fps 2 out of 4 H-sub-sampling
5 656 x 246 |Mono8 108 fps 2 out of 4 V-sub-sampling
Mono12 108 fps 2 out of 4 V-sub-sampling
Mono16 108 fps 2 out of 4 V-sub-sampling
656 x 246 |YUV411 108 fps 2 out of 4 V-sub-sampling
YUV422,Raw16 108 fps 2 out of 4 V-sub-sampling
Mono8,Raw8 108 fps 2 out of 4 V-sub-sampling
RGBS 108 fps 2 out of 4 V-sub-sampling
Raw12 108 fps 2 out of 4 V-sub-sampling
6 328 x 246 |Mono8 108 fps 2 out of 4 H+V sub-sampling
Mono12 108 fps 2 out of 4 H+V sub-sampling
Mono16 108 fps 2 out of 4 H+V sub-sampling
328 x 246 |YUV411 108 fps 2 out of 4 H+V sub-sampling
YUV422,Raw16 108 fps 2 out of 4 H+V sub-sampling
Mono8,Raw8 108 fps 2 out of 4 H+V sub-sampling
RGB8 108 fps 2 out of 4 H+V sub-sampling
Raw12 108 fps 2 out of 4 H+V sub-sampling

Table 71: Video Format_7 default modes Stingray F-033B / Stingray F-033C
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Video formats, modes and bandwidth

/1

Stingray F-046B / Stingray F-046C
and board level F-046B BL / F-046C BL

Format Mode Resolution Color mode 240 120 60 30 15 7.5 3.75

fps fps fps fps fps fps fps

0 160 x 120 |YUV444

1 320 x 240 |YUV422 X X X X X X

2 640 x 480 |YUV411 X X X X X X
0 3 640 x 480 |YUV422 X X X X X X

4 640 x 480 |RGB8

5 640 x 480 |Mono8 XX* | xx* | xx* | xx* | xx* | xx*

6 640 x 480 |Mono16 X X X X X X

Table 72: Video fixed formats Stingray F-046B / Stingray F-046C

*: Color camera outputs Mono8 interpolated image.

I:l Frame rates with shading are only achievable with 1394b (5S800).

Note

®

The following table shows default Format_7 modes without
Format_7 mode mapping.

For information on Format_7 mode mapping ...

e ... see Chapter Mapping of possible Format_7 modes to
F7M1...F7M7 on page 132

e ... see Chapter Format_7 mode mapping on page 285
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Format Mode Resolution Color mode Maximal S800 frame rates for Format_7 modes
0 780 x 580 |Mono8 61 fps
Mono12 61 fps
Mono16 61 fps
780 x 580 |YUV411 61 fps
YUV422,Raw16 61 fps
Mono8,Raw8 61 fps
RGB8 48 fps
Raw12 61 fps
1 388 x 580 |Mono8 61 fps  2x H-binning
Mono12 61 fps  2x H-binning
Mono16 61 fps  2x H-binning
2 780 x 290 |Mono8 111 fps 2x V-binning
Mono12 111 fps 2x V-binning
Mono16 111 fps 2x V-binning
3 388 x 290 |Mono8 111 fps  2x H+V hinning
Mono12 111 fps 2x H+V binning
Mono16 111 fps  2x H+V binning
4 388 x 580 |Mono8 61 fps 2 out of 4 H-sub-sampling
Mono12 61 fps 2 out of 4 H-sub-sampling
Mono16 61 fps 2 out of 4 H-sub-sampling
/ 388 x 580 |YUV411 61 fps 2 out of 4 H-sub-sampling
YUV422,Raw16 61 fps 2 out of 4 H-sub-sampling
Mono8,Raw8 61 fps 2 out of 4 H-sub-sampling
RGBS 61 fps 2 out of 4 H-sub-sampling
Raw12 61 fps 2 out of 4 H-sub-sampling
5 780 x 290 |Mono8 79 fps 2 out of 4 V-sub-sampling
Mono12 79 fps 2 out of 4 V-sub-sampling
Mono16 79 fps 2 out of 4 V-sub-sampling
780 x 290 |YUV411 79 fps 2 out of 4 V-sub-sampling
YUV422,Raw16 79 fps 2 out of 4 V-sub-sampling
Mono8,Raw8 79 fps 2 out of 4 V-sub-sampling
RGBS 79 fps 2 out of 4 V-sub-sampling
Raw12 79 fps 2 out of 4 V-sub-sampling
6 388 x 290 |Mono8 79 fps 2 out of 4 H+V sub-sampling
Mono12 79 fps 2 out of 4 H+V sub-sampling
Mono16 79 fps 2 out of 4 H+V sub-sampling
388 x 290 |YUV411 79 fps 2 out of 4 H+V sub-sampling
YUV422,Raw16 79 fps 2 out of 4 H+V sub-sampling
Mono8,Raw8 79 fps 2 out of 4 H+V sub-sampling
RGB8 79 fps 2 out of 4 H+V sub-sampling
Raw12 79 fps 2 out of 4 H+V sub-sampling

Table 73: Video Format_7 default modes Stingray F-046B / Stingray F-046C
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/1

Stingray F-080B / Stingray F-080C
and board level F-080B BL / F-080C BL

Format Mode Resolution Color mode 240 120 60 30 3.75 1.875
fps fps fps  fps fps  fps
0 160 x 120 | YUV444
1 320 x 240 | YUV422 X X X X X X
2 640 x 480 |YUV411 X X X X X
0 3 640 x 480 |YUV422 X X X X X
4 640 x 480 |RGB8
5 640 x 480 Mono8 XX* | xx* | xx* | xx* | xx*
6 640 x 480 |Monol6 X X X X X
0 800 x 600 |YUV422 X X X X
1 800 x 600 |RGBS8
2 800 x 600 |Mono8 XxX* | xx* | xx*
3 1024 x 768 |YUV422 X X X X X
! 4 1024 x 768 |RGB3
5 1024 x 768 |Mono8 XX | xx* | xx* | xx* | xx*
6 800 x 600 |Mono16 X X X X
7 1024 x 768 |Mono16 X X X X X

Table 74: Video fixed formats Stingray F-080B / F-080C

*: Color camera outputs Mono8 interpolated image.

E Frame rates with shading are only achievable with 1394b (5800).

Note

®

The following table shows default Format_7 modes without
Format_7 mode mapping.

For information on Format_7 mode mapping ...

e ... see Chapter Mapping of possible Format_7 modes to
F7M1...F7M7 on page 132

e ... see Chapter Format_7 mode mapping on page 285
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/1

Format Mode Resolution Color mode Maximal S800 frame rates for Format_7 modes
0 1032 x 776 |Mono8 31 fps
Mono12 31 fps
Mono16 31 fps
1032 x 776 | YUV411 31 fps
YUV422,Raw16 | 31 fps
Mono8,Raw8 31 fps
RGBS 27 fps
Raw12 31 fps
1 516 x 776 | Mono8 31 fps  2x H-hinning
Mono12 31 fps  2x H-hinning
Mono16 31 fps  2x H-binning
2 1032 x 388 |Mono8 53 fps  2x V-binning
Mono12 53 fps  2x V-binning
Mono16 53 fps  2x V-binning
3 516 x 388  [Mono8 53 fps  2x H+V binning
Mono12 53 fps  2x H+V binning
Mono16 53 fps  2x H+V binning
4 516 x 776  |Mono8 31 fps 2 out of 4 H-sub-sampling
Mono12 31 fps 2 out of 4 H-sub-sampling
Mono16 31 fps 2 out of 4 H-sub-sampling
/ 516 x 776 | YUV411 31 fps 2 out of 4 H-sub-sampling
YUV422,Raw16 31fps 2 out of 4 H-sub-sampling
Mono8,Raw8 31fps 2 out of 4 H-sub-sampling
RGBS 31fps 2 out of 4 H-sub-sampling
Raw12 31 fps 2 out of 4 H-sub-sampling
5 1032 x 388 [Mono8 39 fps 2 out of 4 V-sub-sampling
Mono12 39 fps 2 out of 4 V-sub-sampling
Mono16 39 fps 2 out of 4 V-sub-sampling
1032 x 388 |YUV411 39 fps 2 out of 4 V-sub-sampling
YUV422,Raw16 39 fps 2 out of 4 V-sub-sampling
Mono8,Raw8 39 fps 2 out of 4 V-sub-sampling
RGBS 39 fps 2 out of 4 V-sub-sampling
Raw12 39 fps 2 out of 4 V-sub-sampling
6 516 x 388 | Mono8 39 fps 2 out of 4 H+V-sub-sampling
Mono12 39 fps 2 out of 4 H+V-sub-sampling
Mono16 39 fps 2 out of 4 H+V-sub-sampling
516 x 388 | YUV411 39 fps 2 out of 4 H+V-sub-sampling
YUV422,Raw16 39 fps 2 out of 4 H+V-sub-sampling
Mono8,Raw8 39 fps 2 out of 4 H+V-sub-sampling
RGBS 39 fps 2 out of 4 H+V-sub-sampling
Raw12 39 fps 2 out of 4 H+V sub-sampling

Table 75: Video Format_7 default modes Stingray F-080B / F-080C
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Stingray F-145B / Stingray F-145C
and board level F-145B BL / F-145C BL

Format Mode Resolution Color mode 240 120 60 30 15 7.5 3.75 1.875

fps fps fps fps fps fps fps  fps

0 160 x 120 | YUV444
1 320 x 240 | YUV422 X X X X X
2 640 x 480 |YUV411 X X X X
0 3 640 x 480 |YUV422 X X X X
4 640 x 480 |RGB8
5 640 x 480 Mono8 XX* | xx* | xx* | xx*
6 640 x 480 |Monol6 X X X X
0 800 x 600 |YUV422 X X X
1 800 x 600 |RGBS8
2 800 x 600 |Mono8 X x* | xx*
3 1024 x 768 |YUV422 X X X X
! 4 1024 x 768 |RGB8
5 1024 x 768 |Mono8 XX* | xx* | xx* | xx*
6 800 x 600 |Mono16 X X X
7 1024 x 768 |Mono16 X X X X
0 1280 x 960 |YUV422 X X X X
1 1280 x 960 |RGB8
2 1280 x 960 |Mono 8 XX* | xx* | xx* | xx*
3 1600 x 1200 | YUV422
2 4 1600 x 1200 |RGB8
5 1600 x 1200 | Mono8
6 1280 x 960 |Mono16 X X X X
7 1600 x 1200 | Mono16

Table 76: Video fixed formats Stingray F-145B / F-145C

*: Color camera outputs Mono8 interpolated image.
|:| Frame rates with shading are only achievable with 1394b (5800).

Note The following table shows default Format_7 modes without
Format_7 mode mapping.
e see Chapter Mapping of possible Format_7 modes to
F7M1...F7M7 on page 132

e see Chapter Format_7 mode mapping on page 285
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Format Mode Resolution Color mode Maximal S800 frame rates for Format_7 modes
0 1388 x 1038 | Mono8 16 fps
Mono12 16 fps
Mono16 16 fps
1388 x 1038 | YUV411 16 fps
YUV422,Raw16 16 fps
Mono8,Raw8 16 fps
RGBS 15 fps
Raw12 16 fps
1 692 x 1038 |Mono8 16 fps 2x H-binning
Mono12 16 fps 2x H-binning
Mono16 16 fps 2x H-binning
2 1388 x 518 |Mono8 27 fps 2x V-hinning
Mono12 27 fps 2x V-binning
Mono16 27 fps 2x V-binning
3 692 x 518 | Mono8 27 fps 2x H+V binning
Mono12 27 fps 2x H+V binning
Mono16 27 fps 2x H+V binning
4 692 x 1038 |Mono8 16 fps 2 out of 4 H-sub-sampling
Mono12 16 fps 2 out of 4 H-sub-sampling
Mono16 16 fps 2 out of 4 H-sub-sampling
/ 692 x 1038 |YUV411 16 fps 2 out of 4 H-sub-sampling
YUV422,Raw16 16 fps 2 out of 4 H-sub-sampling
Mono8,Raw8 16 fps 2 out of 4 H-sub-sampling
RGB8 16 fps 2 out of 4 H-sub-sampling
Raw12 16 fps 2 out of 4 H-sub-sampling
X 1388 x 518 |Mono8 16 fps 2 out of 4 V-sub-sampling
Mono12 16 fps 2 out of 4 V-sub-sampling
Mono16 16 fps 2 out of 4 V-sub-sampling
1388 x 518 |YUV411 16 fps 2 out of 4 V-sub-sampling
YUV422,Raw16 16 fps 2 out of 4 V-sub-sampling
Mono8,Raw8 16 fps 2 out of 4 V-sub-sampling
RGB8 16 fps 2 out of 4 V-sub-sampling
Raw12 16 fps 2 out of 4 V-sub-sampling
6% 692 x 518 [Mono8 16 fps 2 out of 4 H+V-sub-sampling
Mono12 16 fps 2 out of 4 H+V-sub-sampling
Mono16 16 fps 2 out of 4 H+V-sub-sampling
692 x 518 | YUV411 16 fps 2 out of 4 H+V-sub-sampling
YUV422,Raw16 16 fps 2 out of 4 H+V-sub-sampling
Mono8,Raw8 16 fps 2 out of 4 H+V-sub-sampling
RGB8 16 fps 2 out of 4 H+V-sub-sampling
Raw12 16 fps 2 out of 4 H+V sub-sampling

Table 77: Video Format_7 default modes Stingray F-145B / F-145C
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///ALLIED

Vision Technologies

Video formats, modes and bandwidth

#: Vertical sub-sampling is done via digitally con-
cealing certain lines, so the frame rate is not
frame rate = f (AOI height)
but
frame rate = f (2 x AOI height)
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Stingray F-146B / Stingray F-146C
and board level F-146B BL / F-146C BL

Format Mode Resolution Color mode 240 120 60 30 15 7.5 3.75 1.875

fps fps fps fps fps fps fps  fps

0 160 x 120 | YUV444
1 320 x 240 | YUV422 X X X X X
2 640 x 480 |YUV411 X X X X
0 3 640 x 480 |YUV422 X X X X
4 640 x 480 |RGB8
5 640 x 480 Mono8 XX* | xx* | xx* | xx*
6 640 x 480 |Monol6 X X X X
0 800 x 600 |YUV422 X X X
1 800 x 600 |RGBS8
2 800 x 600 |Mono8 X x* | xx*
3 1024 x 768 |YUV422 X X X X
! 4 1024 x 768 |RGB8
5 1024 x 768 |Mono8 XX* | xx* | xx* | xx*
6 800 x 600 |Mono16 X X X
7 1024 x 768 |Mono16 X X X X
0 1280 x 960 |YUV422 X X X X
1 1280 x 960 |RGB8
2 1280 x 960 |Mono 8 XX* | xx* | xx* | xx*
3 1600 x 1200 | YUV422
2 4 1600 x 1200 |RGB8
5 1600 x 1200 |Mono8
6 1280 x 960 |Mono16 X X X X
7 1600 x 1200 | Mono16

Table 78: Video fixed formats Stingray F-146B / F-146C

*: Color camera outputs Mono8 interpolated image.
E Frame rates with shading are only achievable with 1394b (5800).

Note The following table shows default Format_7 modes without
Format_7 mode mapping.
e see Chapter Mapping of possible Format_7 modes to
F7M1...F7M7 on page 132

e see Chapter Format_7 mode mapping on page 285
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Format Mode Resolution Color mode Maximal S800 frame rates for Format_7 modes
0 1388 x 1038 | Mono8 15 fps
Mono12 15 fps
Mono16 15 fps
1388 x 1038 | YUV411 15 fps
YUV422,Raw16 | 15 fps
Mono8,Raw8 15 fps
RGBS 15 fps
Raw12 15 fps
1 692 x 1038 |Mono8 15 fps 2x H-binning
Mono12 15 fps 2x H-binning
Mono16 15 fps 2x H-binning
2 1388 x 518 |Mono8 26 fps 2x V-hinning
Mono12 26 fps 2x V-binning
Mono16 26 fps 2x V-binning
3 692 x 518 | Mono8 26 fps 2x H+V binning
Mono12 26 fps 2x H+V binning
Mono16 26 fps 2x H+V binning
4 692 x 1038 |Mono8 15 fps 2 out of 4 H-sub-sampling
Mono12 15 fps 2 out of 4 H-sub-sampling
Mono16 15 fps 2 out of 4 H-sub-sampling
/ 692 x 1038 |YUV411 15 fps 2 out of 4 H-sub-sampling
YUV422,Raw16 15 fps 2 out of 4 H-sub-sampling
Mono8,Raw8 15 fps 2 out of 4 H-sub-sampling
RGB8 15 fps 2 out of 4 H-sub-sampling
Raw12 15 fps 2 out of 4 H-sub-sampling
X 1388 x 518 |Mono8 15 fps 2 out of 4 V-sub-sampling
Mono12 15 fps 2 out of 4 V-sub-sampling
Mono16 15 fps 2 out of 4 V-sub-sampling
1388 x 518 |YUV411 15 fps 2 out of 4 V-sub-sampling
YUV422,Raw16 15 fps 2 out of 4 V-sub-sampling
Mono8,Raw8 15 fps 2 out of 4 V-sub-sampling
RGB8 15 fps 2 out of 4 V-sub-sampling
Raw12 15 fps 2 out of 4 V-sub-sampling
6% 692 x 518 [Mono8 15 fps 2 out of 4 H+V-sub-sampling
Mono12 15 fps 2 out of 4 H+V-sub-sampling
Mono16 15 fps 2 out of 4 H+V-sub-sampling
692 x 518 | YUV411 15 fps 2 out of 4 H+V-sub-sampling
YUV422,Raw16 15 fps 2 out of 4 H+V-sub-sampling
Mono8,Raw8 15 fps 2 out of 4 H+V-sub-sampling
RGB8 15 fps 2 out of 4 H+V-sub-sampling
Raw12 15 fps 2 out of 4 H+V sub-sampling

Table 79: Video Format_7 default modes Stingray F-146B / F-146C
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Video formats, modes and bandwidth

#: Vertical sub-sampling is done via digitally con-
cealing certain lines, so the frame rate is not
frame rate = f (AOI height)
but
frame rate = f (2 x AOI height)
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Video formats, modes and bandwidth / / /

Stingray F-201B / Stingray F-201C
and board level F-201B BL / F-201C BL

Format Mode Resolution Color mode 240 120 60 30 15 7.5 3.75 1.875

fps fps fps fps fps fps fps  fps

0 160 x 120 | YUV444

1 320 x 240 | YUV422 X X X X X

2 640 x 480 |YUV411 X X X X X
0 3 640 x 480 |YUV422 X X X X X

4 640 x 480 |RGB8

5 640 x 480 Mono 8 XX* | xx* | xx* | xx* | xx*

6 640 x 480 |Mono 16 X X X X X

0 800 x 600 |YUV422 X X X

1 800 x 600 |RGBS8

2 800 x 600 |Mono8 X x* | xx*

3 1024 x 768 |YUV422 X X X X
! 4 1024 x 768 |RGB8

5 1024 x 768 |Mono 8 XX* | xx* | xx* | xx*

6 800 x 600 |Mono16 X X X

7 1024 x 768 |Mono16 X X X X

0 1280 x 960 |YUV422 X X X

1 1280 x 960 |RGB8

2 1280 x 960 |Mono 8 Xx* | xx* | xx* | xx*

3 1600 x 1200 | YUV422 X X X
¢ 4 1600 x 1200 |RGB8

5 1600 x 1200 | Mono8 XX* | xx* | xx* | xx*

6 1280 x 960 |Mono16 X X X X

7 1600 x 1200 | Mono16 X X X X

Table 80: Video fixed formats Stingray F-201B / F-201C

*: Color camera outputs Mono8 interpolated image.
E Frame rates with shading are only achievable with 1394b (5800).

Note The following table shows default Format_7 modes without
Format_7 mode mapping.
e see Chapter Mapping of possible Format_7 modes to
F7M1...F7M7 on page 132

e see Chapter Format_7 mode mapping on page 285
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Format Mode Resolution Color mode Maximal S800 frame rates for Format_7 modes
0 1624 x 1234 | Mono8 14 fps
Mono12 14 fps
Mono16 14 fps
1624 x 1234 |YUV411 14 fps
YUV422,Raw16 14 fps
Mono8,Raw8 14 fps
RGBS 10 fps
Raw12 14 fps
1 812 x 1234 |Mono8 14 fps  2x H-binning
Mono12 14 fps  2x H-binning
Mono16 14 fps  2x H-binning
812 x 1234 |YUV411 14 fps  2x H-binning
YUV422,Raw16 14 fps  2x H-binning
Mono8,Raw8 14 fps  2x H-binning
RGB8 14 fps  2x H-binning
Raw12 14 fps  2x H-binning
2 1624 x 616 |Mono8 26 fps  2x V-binning
Mono12 26 fps  2x V-binning
Mono16 26 fps  2x V-binning
7 1624 x 614 |YUV411 26 fps  2x V-binning
YUV422,Raw16 26 fps  2x V-binning
Mono8,Raw8 26 fps  2x V-binning
RGB8 21 fps  2x V-binning
Raw12 26 fps  2x V-binning
3 812 x 616 | Mono8 26 fps  2x H+V binning
Mono12 26 fps  2x H+V binning
Mono16 26 fps  2x H+V binning
812 x 614 | YUV411 26 fps  2x H+V binning
YUV422,Raw16 26 fps  2x H+V binning
Mono8,Raw8 26 fps  2x H+V binning
RGB8 26 fps  2x H+V binning
Raw12 26 fps  2x H+V binning
4 812 x 1234 |Mono8 14 fps 2 out of 4 H-sub-sampling
Mono12 14 fps 2 out of 4 H-sub-sampling
Mono16 14 fps 2 out of 4 H-sub-sampling
812 x 1234 |YUV411 14 fps 2 out of 4 H-sub-sampling
YUV422,Raw16 14 fps 2 out of 4 H-sub-sampling
Mono8,Raw8 14 fps 2 out of 4 H-sub-sampling
RGBS 14 fps 2 out of 4 H-sub-sampling
Raw12 14 fps 2 out of 4 H-sub-sampling

Table 81: Video Format_7 default modes Stingray F-201B / F-201C
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Format Mode Resolution Color mode Maximal S800 frame rates for Format_7 modes
X 1624 x 616 |Mono8 14 fps 2 out of 4 V-sub-sampling
Mono12 14 fps 2 out of 4 V-sub-sampling
Mono16 14 fps 2 out of 4 V-sub-sampling
1624 x 616 |YUV411 14 fps 2 out of 4 V-sub-sampling
YUV422,Raw16 14 fps 2 out of 4 V-sub-sampling
Mono8,Raw8 14 fps 2 out of 4 V-sub-sampling
RGBS 14 fps 2 out of 4 V-sub-sampling
; Raw12 14 fps 2 out of 4 V-sub-sampling
6* 812 x 616 |Mono8 14 fps 2 out of 4 H+V sub-sampling
Mono12 14 fps 2 out of 4 H+V sub-sampling
Mono16 14 fps 2 out of 4 H+V sub-sampling
812 x 616 |YUV411 14 fps 2 out of 4 H+V sub-sampling
YUV422,Raw16 14 fps 2 out of 4 H+V sub-sampling
Mono8,Raw8 14 fps 2 out of 4 H+V sub-sampling
RGBS 14 fps 2 out of 4 H+V sub-sampling
Raw12 14 fps 2 out of 4 H+V sub-sampling

Table 81: Video Format_7 default modes Stingray F-201B / F-201C

#: Vertical sub-sampling is done via digitally concealing certain lines, so the frame rate is not

frame rate = f (AOI height)
but
frame rate = f (2 x AOI height)
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Area of interest (AOI)

The camera’s image sensor has a defined resolution. This indicates the max-
imum number of lines and pixels per line that the recorded image may have.

However, often only a certain section of the entire image is of interest. The
amount of data to be transferred can be decreased by limiting the image to
a section when reading it out from the camera. At a lower vertical resolution
the sensor can be read out faster and thus the frame rate is increased.

Note The setting of AOIs is supported only in video Format_7.

®

While the size of the image read out for most other video formats and modes
is fixed by the IIDC specification, thereby determining the highest possible
frame rate, in Format_7 mode the user can set the upper left corner and
width and height of the section (area of interest = AOI) he is interested in
to determine the size and thus the highest possible frame rate.

Setting the AOI is done in the IMAGE_POSITION and IMAGE_SIZE registers.

Note Pay attention to the increments entering in the
UNIT_SIZE_INQ and UNIT_POSITION_INQ registers when con-
@ figuring IMAGE_POSITION and IMAGE_SIZE.

AF_AREA_POSITION and AF_AREA_SIZE contain in the respective bits values
for the column and line of the upper left corner and values for the width and
height.

Note For more information see Table 112: Format_7 control and

status register on page 249.
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Video formats, modes and bandwidth
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Figure 99: Area of interest (AOI)

Note e The left position + width and the upper position
+ height may not exceed the maximum resolution of the
@ sensor.
® The coordinates for width and height must be divisible
by 4.

In addition to the area of interest (AOI), some other parameters have an
effect on the maximum frame rate:

e The time for reading the image from the sensor and transporting it into
the FRAME_BUFFER

® The time for transferring the image over the FireWire™ bus
e The length of the exposure time.
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Autofunction AOI

Use this feature to select the image area (work area) on which the following
autofunctions work:

e Auto shutter
e Auto gain
e Auto white balance

In the following screenshot you can see an example of the autofunction AOI:

Work area

Figure 100: Example of autofunction AOI (Show work area is on)

Note Autofunction AOI is independent from Format_7 AOI settings.
If you switch off autofunction AOI, work area position and
@ work area size follow the current active image size.

To switch off autofunctions, carry out following actions in the
order shown:

1. Uncheck Show AOI check box (SmartView Ctrl2 tab).

2. Uncheck Enable check box (SmartView Ctrl2 tab).
Switch off Auto modi (e.g. Shutter and/or Gain) (SmartView
Ctrl2 tab).

As a reference it uses a grid of up to 65534 sample points equally spread over
the AOL.
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Note Configuration
To configure this feature in an advanced register see Chapter
@ Autofunction AOI on page 275.

Frame rates

An IEEE 1394 camera requires bandwidth to transport images.

The IEEE 1394b bus has very large bandwidth of at least 62.5 MByte/s for
transferring (isochronously) image data. Per cycle up to 8192 bytes (or
around 2000 quadlets = 4 bytes@ 800 Mbit/s) can thus be transmitted.

Note All bandwidth data is calculated with:

: 1 MByte = 1024 kByte

Depending on the video format settings and the configured frame rate, the
camera requires a certain percentage of maximum available bandwidth.
Clearly the bigger the image and the higher the frame rate, the more data is
to be transmitted.

The following tables indicate the volume of data in various formats and
modes to be sent within one cycle (125 ps) at 800 Mbit/s of bandwidth.

The tables are divided into three formats:

Format Resolution Max. video format
Format_0 up to VGA 640 x 480
Format_1 up to XGA 1024 x 768
Format_2 up to UXGA 1600 x 1200

Table 82: Overview fixed formats

They enable you to calculate the required bandwidth and to ascertain the
number of cameras that can be operated independently on a bus and in which
mode.
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Format Mode Resolution 240 120 60 30 15 7.5 3.75

fps fps fps fps fps fps fps
0 160 x 120 YUV (4:4:4) |4H 2H 1H 1/2H |1/4H |1/8H

640p |320p |160p |80p 40p 20p
480q |240q ([120g |60q 30q 15q
1 320 x 240 YUV (4:2:2) |8H 4H 2H 1H 1/2H |1/4H |1/8H
16 bit/pixel 2560p |1280p |640p |320p |160p |80p 40p
1280q [640g |320q |160g |80q 40q 20q
2 640 x 480 YUV (4:1:1) 8H 4H 2H 1H 1/2H |1/4H
12 bit/pixel 5120p |2560p |1280p |640p |320p |160p
1920q |960q |480q |240q |[120q |60q

3 640 x 480 YUV (4:2:2) 4H 2H 1H 1/2H |1/4H
0 16 bit/pixel 2560p |1280p |640p |320p |160p
1280q |640q |320q |160q |80q

4 640 x 480 RGB 4H  [2H  [1H 1/2H |1/4H
24 bit /pixel 2560p |1280p |640p |320p |160p
1280q |960q |480q |240q |120q

5 640 x 480 (Mono8) 8H 4H 2H 1H 1/2H |1/4H
8 bit /pixel 5120p |2560p |1280p |640p |320p |160
1280q [640g |320q |160q |80q p40q

6 640 x 480 Y (Mono16) 4H 2H 1H 1/2H | 1/4H
16 Bit/pixel 2560p {1280p [640p |320p |160p
1280q [640q |320q |160q |80q

24 bit/pixel

7 Reserved

Table 83: Format_0

As an example, VGA Mono8 @ 60 fps requires four lines (640 x 4 = 2560 pix-
els/byte) to transmit every 125 ps: this is a consequence of the sensor's line
time of about 30 ps, so that no data needs to be stored temporarily.

It takes 120 cycles (120 x 125 ps = 15 ms) to transmit one frame, which
arrives every 16.6 ms from the camera. Again no data need to be stored tem-
porarily.

Thus around 64% of the available bandwidth (at S400) is used. Thus one cam-
era can be connected to the bus at S400.

The same camera, run at S800 would require only 32% of the available band-
width, due to the doubled speed. Thus up to three cameras can be connected
to the bus at S800.
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Format Mode Resolution 240 120 60 . 3.75 1.875

fps fps fps fps fps
0 800 x 600 YUV (4:2:2) 5H |5/2H |5/4H |5/8H |6/16H

4000p | 2000p | 1000p | 500p |250p
2000q [1000q |500q |[250q |125q
1 800 x 600 RGB 5/2H |5/4H |5/8H
1500q | 750 |375q
2 800 x 600 Y (Mono8) 10H |5H 5/2H |5/4H |5/8H
8 bit /pixel 8000p |4000p | 2000p | 1000p | 500p
2000q [1000q |500q |[250q |125q
3 1024 x 768 YUV (4:2:2) 3H 3/2H |3/4H |3/8H |3/16H
1536q | 768q |384q |192q |96q

4 1024 x 768 RGB 3/2H |3/4H |3/8H |3/16H
24 bit/pixel 1536p | 768p |384p |192p
384q |576q |288q |l44q
5 1024 x 768 Y (Mono) 6H 3H 3/2H |3/4H |3/8H |[3/16H
8 bit /pixel 6144p |3072p | 1536p |768p |384p |[192p
1536q |768q |384q |192q |96q |48q

16 bit/pixel

6 800 x 600 (Mono16) 5H 5/2H |5/4H |5/8H |5/16H
16 bit/pixel 4000p [2000p | 1000p | 500p |250p
2000q [1000q |500q |[250q |125q
7 1024 x 768 Y (Mono16) 3H 3/2H |3/4H |3/8H |3/16H

3072p |1536p | 768p |384p |192p

16 bit/pixel
1536q | 768q |384q |192q |96q

Table 84: Format_1
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Format

Mode

Resolution

/1

0 1280 x 960 YUV (4:2:2) 2H 1H 1/2H 1/4H
16 bit/piel 2560p |1280p |640p |320p
1280q |640q |320q [160q
1 1280 x 960 RGB 2H 1H 1/2H | 1/4H
1920q [960q |480q |240q
2 1280 x 960 Y (Mono8) 4H 2H 1H 1/2H  [1/4H
8 bt /pixel 5120p |2560p |1280p |640p |320p
1280q |640q |320q 160q |80q
3 1600 x 1200 YUV(4:2:2) 5/2H [5/4H |5/8H [5/16H
2000q |1000q |500q |250q
4 1600 x 1200 RGB 5/4H |5/8H |5/16
24 bit/piel 2000p |1000p |500p
1500q |750q |375q
5 1600 x 1200 Y (Mono) 8 5H 5/2H [5/4H |5/8H [5/16H
bit/pixel 8000p [4000p |2000p |1000p |500p
2000g |1000g |500q 250q 125q
6 1280 x 960 Y (Mono16) 2H 1H 1/2H 1/4H
16 bit/piel 2560p |1280p |640p |320p
1280q |640q |320q [160q
7 1600 x 1200Y(Mono16) 5/2H |5/4H |5/8H [5/16H
16 bit /pixel 4000p |2000p |1000p |500p
2000q |1000q [500q |250q

Table 85: Format_2

As already mentioned, the recommended limit for transferring isochronous
image data is 2000q (quadlets) per cycle or 8192 bytes (with 800 Mbit/s of

bandwidth).

Note e If the cameras are operated with an external trigger the
maximum trigger frequency may not exceed the highest
continuous frame rate, so preventing frames from being
dropped or corrupted.

e IEEE 1394 adapter cards with PCILynx™ chipsets (pre-
decessor of OHCI) have a limit of 4000 bytes per cycle.

The frame rates in video modes 0 to 2 are specified and set fixed by IIDC

V1.31.

STINGRAY Technical Manual vV2.2.0

206



///ALLIED

Vision Technologies

Video formats, modes and bandwidth

Frame rates Format 7

In video Format_7 frame rates are no longer fixed.

Note e Different values apply for the different sensors.
® Frame rates may be further limited by longer shutter
@ times and/or bandwidth limitation from the IEEE 1394
bus.

Details are described in the next chapters:

® Max. frame rate of CCD (theoretical formula)

e Dijagram of frame rates as function of AOI by constant width: the curves
describe RAW8, RAW12/YUV411, RAW16/YUV422, RGB8 and max. frame
rate of CCD

e Table with max. frame rates as function of AOI by constant width

STINGRAY Technical Manual vV2.2.0
I
207



Video formats, modes and bandwidth / / /

Stingray F-033/F-033 BL: AOI frame rates

1
138us + AOI height x 23.62ps + (509 — AOI height) x 2.64us

max. frame rate of CCD =

Formula 7: Stingray F-033: theoretical max. frame rate of CCD

700,00
600,00

500,00 \
400,00 \

\ —_FPS-CCD
300,00 — RAWS
\\ RAW16E
200,00 YUV411

FPS = f(Height)

FPS

—YUv422
— RGB8
100,00 — RAW12
0,00 T T T T T
¢} 100 200 300 400 500 600

Height

Figure 101: Frame rates Stingray F-033 as function of AOI height [width=656]

AOI height CCD* Raw8 Raw12 Raw16 YUV411 YUV422 RGB8
492 84.00 84 84 84 84 84 69

480 86.00 86 86 86 86 86 70
320 122.00 122 122 122 122 122 105
240 153.00 152 152 152 152 152 139
120 250.00 246 246 246 246 246 246

60 366.00 366 366 366 366 366 366

30 476.00 476 476 476 476 476 476

10 596.00 593 593 593 593 593 593

2 662.00 640 640 640 640 640 640

Table 86: Frame rates (fps) of Stingray F-033 as function of AOI height (pixel) [width=658]

* CCD = theoretical max. frame rate (in fps) of CCD according to given formula
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Stingray F-046/F-046 BL: AOI frame rates

1
136.22ps + AOI height x 27.59us + (597 — AOI height) x 2.64ps

max. frame rate of CCD =

Formula 8: Stingray F-046: theoretical max. frame rate of CCD

600,00 FPS = f(Height)
500,00 \\
400,00
© \
. 300,00 — FPS-CCD
— RAWS
RAW16
200,00 YUV411
—YUuv4z2
— RGBS
100,00 — RAW12
0,00 ‘ ‘ ‘ ‘ ‘ ‘
0 100 200 300 400 500 600 700
Height

Figure 102: Frame rates Stingray F-046 as function of AOI height [width=780]

AOI height CccD* RAWS RAW12 RAW16 YUV411 YUV422 RGB8
580 61.00 61 61 61 61 61 59
480 73.00 73 73 73 73 73 70
320 103.00 103 103 103 103 103 103
240 129.00 128 128 128 128 128 128
120 212.00 212 212 212 212 212 212

60 311.00 311 311 311 311 311 311
30 406.00 406 406 406 406 406 406
10 509.00 509 509 509 509 509 509

2 567.00 552 552 552 552 552 552

Table 87: Frame rates (fps) of Stingray F-046 as function of AOI height (pixel) [width=782]

* CCD = theoretical max. frame rate (in fps) of CCD according to given formula
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Stingray F-080/F-080 BL: AOI frame rates

1
222us + AOI height x 40.50pus + (778 — AOI height) x 7.00us

max. frame rate of CCD =

Formula 9: Stingray F-080: theoretical max. frame rate of CCD

FPS = f(Height)

180,00

160,00 \\
140,00
120,00
100,00 — FPS-CCD
o , — RAWS
o000 RAW16
YUV411
60.00 — Yuv422
— RGBS
40,00 — RAW12
20,00
0,00 , , , , : : : :
) 100 200 300 400 500 600 700 800 900

Height

Figure 103: Frame rates Stingray F-080 as function of AOI height [width=1032]

AOI height Cccb* RAWS RAW12 RAW16 YUV411 YUV422 RGB8
776 31.00 31 31 31 31 31 31
600 38.00 38 38 38 38 38 38
480 45.00 45 45 45 45 45 45
320 61.00 61 61 61 61 61 61
240 72.00 72 72 72 72 72 72
120 103.00 103 103 103 103 103 103

30 149.00 149 149 149 149 149 149
10 166.00 165 165 165 165 165 165
2 174.00 174 174 174 174 174 174

Table 88: Frame rates (fps) of Stingray F-080 as function of AOI height (pixel) [width=1034]

* CCD = theoretical max. frame rate (in fps) of CCD according to given formula
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Stingray F-145/F-145 BL: AOI frame rates

1
450.00ps + AOI height x 59.36ps + (1051 — AOI height) x 10.92ps

max. frame rate of CCD =

Formula 10: Stingray F-145: theoretical max. frame rate of CCD

EFPS = f(Heiaht)
80,00 rro nriecrgriy)
70,00 \\
60,00
50,00
[7]
& 40,00 — FPS-CCD
— RAWS
30,00 RAW16
YUv411
20,00 —YUv422
— RGB8
10,00 — RAW12
0,00 T T T T T
0 200 400 600 800 1000 1200
Height

Figure 104: Frame rates Stingray F-145 as function of AOI height [width=1388]

AOI height Cccb* RAWS RAW12 RAW16 YUV411 YUV422 RGB8
1038 16.00 16 16 16 16 16 16
768 20.00 20 20 20 20 20 20
600 24.00 24 24 24 24 24 24
480 28.00 28 28 28 28 28 28
320 36.00 36 36 36 36 36 36
240 42.00 42 42 42 42 42 42
120 56.00 56 56 56 56 56 56
30 74.00 74 74 74 74 74 74
10 80.00 80 80 80 80 80 80

2 83.00 83 83 83 83 83 83

Table 89: Frame rates (fps) Stingray F-145 as function of AOI height (pixel) [width=1392]

* CCD = theoretical max. frame rate (in fps) of CCD according to given formula

STINGRAY Technical Manual vV2.2.0
211



Video formats, modes and bandwidth / / /

Stingray F-146/F-146 BL: AOI frame rates

1
337.88us + AOI height x 60.25us + (1051 — AOI height) x 11.77us

max. frame rate of CCD =

Formula 11: Stingray F-146: theoretical max. frame rate of CCD

EFPS = f(Heiaht)
80,00 rro nriecrgriy)
70,00
60,00
50,00
[
Q. 40,00 — FPS-CCD
— RAWS
30,00 RAW16
YUv411
20,00 —YUv422
— RGB8
10,00 — RAW12
0,00 T T T T T
0 200 400 600 800 1000 1200
Height

Figure 105: Frame rates Stingray F-146 as function of AOI height [width=1388]

AOI height Cccp* RAWS RAW12 RAW16 YUV411 YUV422 RGBS
1038 15.00 15 15 15 15 15 15
960 16.00 16 16 16 16 16 16
768 20.00 20 20 20 20 20 20
640 22.00 22 22 22 22 22 22
480 27.00 27 27 27 27 27 27
240 41.00 41 41 41 41 41 41
120 53.00 53 53 53 53 53 53
30 70.00 70 70 70 70 70 70
10 75.00 75 75 75 75 75 75

2 78.00 78 78 78 78 78 78

Table 90: Frame rates (fps) of Stingray F-146 as function of AOI height (pixel) [width=1392]

* CCD = theoretical max. frame rate (in fps) of CCD according to given formula
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Stingray F-201/F-201 BL: AOI frame rates

1
290us + AOI height x 54.81pus + (1238 — AOI height) x 7.14ps

max. frame rate of CCD =

Formula 12: Stingray F-201: theoretical max. frame rate of CCD

FPS = f(Height)

80,00

70,00

60,00

50,00
—FPS-CCD

— RAWS
RAW16
YUV411

— yuva22

— RGBS

20,00 — RAW12

40,00

FPS

30,00

10,00

0,00 T ; ; T T T
6] 200 400 600 800 1000 1200 1400

Height

Formula 13: Frame rates Stingray F-201 as function of AOI height [width=1624]

AOI height Cccp* RAWS RAW12 RAW16 YUV411 YUV422 RGBS
1234 14.00 14 14 14 14 14 14
1200 15.00 15 15 15 15 15 15

960 18.00 18 18 18 18 18 18
800 21.00 21 21 21 21 21 21
768 21.00 21 21 21 21 21 21
600 26.00 26 26 26 26 26 26
480 31.00 31 31 31 31 31 31
400 35.00 35 35 35 35 35 35
300 42.00 42 42 42 42 42 42
240 48.00 48 48 48 48 48 48
120 67.00 67 67 67 67 67 67
30 94.00 94 94 94 94 94 94
10 104.00 104 104 104 104 104 104
2 108.00 108 108 108 108 108 107

Table 91: Frame rates of Stingray F-201 as function of AOI height [width=1628]
* CCD = theoretical max. frame rate (in fps) of CCD according to given formula
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How does bandwidth affect the frame
rate?

In some modes the IEEE 1394b bus limits the attainable frame rate. Accord-
ing to the 1394b specification on isochronous transfer, the largest data pay-
load size of 8192 bytes per 125 s cycle is possible with bandwidth of

800 Mbit/s. In addition, there is a limitation, only a maximum number of
65535 (216 -1) packets per frame are allowed.

Note Certain cameras may offer, depending on their settings in
combination with the use of AVT FirePackage higher packet

sizes.
@ Consult your local dealer's support team, if you require addi-
tional information on this feature.

The following formula establishes the relationship between the required
Byte_Per_Packet size and certain variables for the image. It is valid only for
Format_7.

BYTE_PER_PACKET = frame rate x AOI_WIDTH x AOI_HEIGHT x ByteDepth x 125us

Formula 14: Byte_per_Packet calculation (only Format_7)

If the value for BYTE_PER_PACKET is greater than 8192 (the maximum data
payload), the sought-after frame rate cannot be attained.

The attainable frame rate can be calculated using this formula:
(Provision: BYTE_PER_PACKET is divisible by 4):

BYTE_PER_PACKET
AOL_WIDTH x AOI_HEIGHT x ByteDepth x 125ps

frame rate =

Formula 15: Maximum frame rate calculation
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ByteDepth is based on the following values:

/1

Mode bit/pixel byte per pixel
Mono8, Raw8 8 1
Mono12, Raw12 12 1.5
Mono16, Raw16 14 2
Mono16, Raw16 16 2
(High SNR mode)
YUV4:2:2 16 2
YUV4:1:1 12 1.5
RGBS 24 3
Table 92: ByteDepth
Example formula for the b/w camera
Mono16, 1392 x 1040, 30 fps desired
BYTE_PER_PACKET = 30 x 1392 x 1040 x 2 x 125us = 10856 > 8192
= frame rate 8192 = 22.64

reachable 1392 x 1040 x 2 x 125ys

Formula 16: Example maximum frame rate calculation
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Test images

Loading test images

FirePackage Fire4Linux

1. Start SmartView. 1. Start cc1394 viewer.
2. Click the Edit settings button. |2. In Adjustments menu click on
Picture Control.
3. Click Adv1 tab. 3. Click Main tab.
4. In combo box Test images 4. Activate Test image check box
choose Image 1 or another test on.
1mage. 5. In combo box Test images
choose Image 1 or another test
image.

Table 93: Loading test images in different viewers

Test images for b/w cameras

Stingray b/w cameras have two test images that look the same. Both images
show a gray bar running diagonally (mirrored at the middle axis).

e Image 1 is static.
e Image 2 moves upwards by 1 pixel/frame.

y

Figure 106: Gray bar test image
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Test images for color cameras

The color cameras have 1 test image:

YUV4:2:2 mode

Figure 107: Color test image

Mono8 (raw data)

Figure 108: Bayer-coded test image

The color camera outputs Bayer-coded raw data in Mono8 instead of (as
described in IIDC V1.31) a real Y signal.

Note The first pixel of the image is always the red pixel from the

sensor. (Mirror must be switched off.)
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Configuration of the camera

All camera settings are made by writing specific values into the correspond-
ing registers.

This applies to:

e values for general operating states such as video formats and modes,
exposure times, etc.

e extended features of the camera that are turned on and off and con-
trolled via corresponding registers (so-called advanced registers).

Camera_Status_Register

The interoperability of cameras from different manufacturers is ensured by
IIDC, formerly DCAM (Digital Camera Specification), published by the
IEEE 1394 Trade Association.

IIDC is primarily concerned with setting memory addresses (e.g. CSR:
Camera_Status_Register) and their meaning.

In principle all addresses in IEEE 1394 networks are 64 bits long.
The first 10 bits describe the Bus_Id, the next 6 bits the Node_Id.

Of the subsequent 48 bit, the first 16 bit are always FFFFh, leaving the
description for the Camera_Status_Register in the last 32 bit.

If a CSR FOF00600h is mentioned below this means in full:
Bus_Id, Node_Id, FFFF FOFO0600h

Writing and reading to and from the register can be done with programs such
as FireView or by other programs developed using an API library
(e.g. FirePackage).
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Every register is 32 bit (big endian) and implemented as follows (MSB = Most
Significant Bit; LSB = Least Significant Bit):

Far left
Bit Bit Bit Bit Bit
0 1 2 30 31
MSB LSB
Table 94: 32-bit register
Example

This requires, for example, that to enable ISO_Enabled mode (see Chapter
ISO_Enable / free-run on page 170), (bit 0 in register 614h), the value
80000000 h must be written in the corresponding register.
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Register: | 150_EMABLE

Stingray F145C (CO, ND) - Direct access [¥X]

Address: F|:||:|51

Data:  |gooooooof |
#| rw Address Value
Z wr  FOFODSL4
1 rd FOFOOB14

Offset of Register: (0xOF00614)
ISO_Enable

b \\/rite 80000000 and click Write

Content of register: 80000000

= 1000 0000 0000 0000 0000 0000 0000 0000

Figure 109: Enabling ISO_Enable
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Stingray F145C {CO, NO) - Direct access [X] Offset of Register: (0x1000040)

ADV_FNC_INQ

Data: | FEAESS3 | [ ‘write |

# rw Address Yalue

2 rd Fl000040
1 rd FOFOODGE14

Content of register: FEA2E583
=1111 1110 1010 0010 1110 0101 1000 0011

Table 95: Configuring the camera (Stingray F-145C)

o 4 " v

£ 5 2 = 5 g g

= ) ] < c + = 2 =

(@] %) = g — o o =] 1]

D ° = = > = o = L=

s 3 v E 2 X 5 3 S s

= - oS s 2 S & a = =

Bit 0 1 2 3 4 6 8 9 10 11 12 13 14 15
1 1 1 1 1 1 1 0 1 0 0 0 1 0

+— o $ =

3] = P [

g & 2 = N

S T & g )

Bit | 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
1 1 1 0 0 1 0 1 1 0 0 0 0 0 1 1

Table 96: Configuring the camera: registers
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Sample program

The following sample code in C/C++ shows how the register is set for video
mode/format, trigger mode etc. using the FireGrab and FireStack API.

Example FireGrab

// Set Videoformat

if (Result==FCE NOERROR)

Result= Camera.SetParameter (FGP IMAGEFORMAT, MAKEIMAGEFORMAT (RES 640 480,
CM Y8, FR 15));

// Set external Trigger
if (Resul ==FCE_NOERROR)
Result= Camera.SetParameter (FGP TRIGGER, MAKETRIGGER (1,0,0,0,0));

// Start DMA logic
if (Result==FCE_ NOERROR)
Result=Camera.OpenCapture () ;

// Start image device
if(Result::FCE_NOERROR)
Result=Camera.StartDevice () ;
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Example FireStack API

// Set framerate

Result=WriteQuad (HIGHOFFSET, m Props.CmdRegBase+CCR FRAMERATE, (UINT32)m Parms.F
rameRate<<29) ;

// Set mode
if (Result)

Result=WriteQuad (HIGHOFFSET, m Props.CmdRegBase+CCR VMODE, (UINT32)m Parms.Video
Mode<<29) ;

// Set format
if (Result)

Result=WriteQuad (HIGHOFFSET, m Props.CmdRegBase+CCR VFORMAT, (UINT32)m Parms.Vid
eoFormat<<29) ;

// Set trigger
if (Result)
{
Mode=0;
if (m_Parms.TriggerMode==TM EXTERN)
Mode=0x82000000;
if (m_Parms.TriggerMode==TM MODE15)
Mode=0x820F0000;
WriteQuad (HIGHOFFSET, m Props.CmdRegBase+CCR _TRGMODE, Mode) ;

// Start continous ISO if not oneshot triggermode
if (Result && m Parms.TriggerMode!=TM ONESHOT)
Result=WriteQuad (HIGHOFFSET, m Props.CmdRegBase+CCR_ISOENABLE, 0x80000000) ;
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Configuration ROM

The information in the configuration ROM is needed to identify the node,
its capabilities and which drivers are required.

The base address for the configuration ROM for all registers is
FFFF FO000000h.

Note If you want to use the DirectControl program to read or write

to a register, enter the following value in the Address field:

@ FOFO0000h + Offset

The configuration ROM is divided into

® Bus info block: providing critical information about the bus-related
capabilities

® Root directory: specifying the rest of the content and organization,
such as:
- Node unique ID leaf
- Unit directory
- Unit dependant info

The base address of the camera control register is calculated as follows based
on the camera-specific base address:

Offset 0-7 8-15 16-23 24-31
400h 04 29 0C Co
. 404h 31 33 39 34 |.... ASCII for 1394
Bus info block o
408h 20 00 B2 03 |.... Bus capabilities
40Ch .. Node_Vendor_Id, Chip_id_hi
410h Serial number .... Chip_id_lo
414h 00 04 B7 85 |According to IEEE1212, the root directory
418h 03 00 oA 47 | may have another length. The keys (e.g.
di H 8D) point to the offset factors rather than
Root directory | 41C oc 00 83 co the offset (e.g. 420h) itself.
420h 8D 00 00 02
424h D1 00 00 04

Table 97: Configuration ROM

The entry with key 8D in the root directory (420h in this case) provides the
offset for the Node unique ID leaf.

To compute the effective start address of the node unique ID leaf:
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To compute the effective start address of the node unique ID leaf

currAddr = node unique ID leaf address
destAddr

addrOffset = value of directory entry

address of directory entry

destAddr |= currAddr + (4 x addrOffset)
= 420h + (4 x 000002h)
= 428h

Table 98: Computing effective start address

420h + 000002h x 4 = 428h

0-7 8-15 16-23 24-31

—>

Node unique ID leaf ....Node_Vendor_Id,Chip_id_hi

Serial number

Table 99: Configuration ROM

The entry with key D1 in the root directory (424h in this case) provides the
offset for the unit directory as follows:

424h + 000004 x 4 = 434h

Offset 0-7 8-15 16-23 24-31

 p| 434h | 00 03 93 7D
Unit directory 438h 12 00 A0 2D
43Ch 13 00 01 02
440h D4 00 00 01

Table 100: Configuration ROM

The entry with key D4 in the unit directory (440h in this dase) provides the
offset for unit dependent info:

440h + 0000xx * 4 = 444h g
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Offset 0-7 8-15 16-23 24-31

— - |444h 00 0B A9 6E ....unit_dep_info_length, CRC

Unit dependent info |448h 40 3C 00 00 ....command_regs_base
44Ch 81 00 00 02 ....vender_name_leaf
450h 82 00 00 06 ....model_name_leaf
454h 38 00 00 10 ....unit_sub_sw_version
458h 39 00 00 00 ....Reserved
45Ch 3A 00 00 00 ....Reserved
460h 3B 00 00 00 ....Reserved
464h 3C 00 01 00 ....vendor_unique_info_0
468h 3D 00 92 00 ....vendor_unique_info_1
46Ch 3E 00 00 65 ....vendor_unique_info_2
470h 3F 00 00 00 ....vendor_unique_info_3

Table 101: Configuration ROM
And finally, the entry with key 40 (448h in this case) provides the offset for
the camera control register:
FFFF FO000000h + 3C0000h x 4 = FFFF FOFO0000h
The base address of the camera control register is thus:
FFFF FOFO0000h

The offset entered in the table always refers to the base address of
FOFO0000h.
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Implemented registers (IIDC V1.31)

The following tables show how standard registers from IIDC V1.31 are imple-
mented in the camera:

® Base address is FOF00000h
o Differences and explanations can be found in the Description column.

Camera initialize register

Offset Name Description
000h INITIALIZE Assert MSB = 1 for Init.

Table 102: Camera initialize register

Inquiry register for video format

Offset Name Field Bit Description
100h V_FORMAT_INQ Format_0 [0] Up to VGA (non compressed)
Format_1 [1] SVGA to XGA
Format_2 [2] SXGA to UXGA
Format_3 [3..5] Reserved
Format_6 [6] Still Image Format
Format_7 [7] Partial Image Format
[8..31] Reserved

Table 103: Format inquiry register
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Inquiry register for video mode

Offset Name Field Bit Description Color mode
180h V_MODE_INQ Mode_0 [0] 160 x 120 YUV 4:4:4
(Format_0) Mode_1 [1] 320 x 240 YUV 4:2:2
Mode_2 [2] 640 x 480 YUV 4:1:1
Mode_3 [3] 640 x 480 YUV 4:2:2
Mode_4 [4] 640 x 480 RGB
Mode_5 [5] 640 x 480 MONO8
Mode_6 [6] 640 x 480 MONO16
Mode_X [7] Reserved
[8..31] Reserved (zero)
184h V_MODE_INQ Mode_0 [0] 800 x 600 YUV 4:2:2
(Format_1) Mode_1 [1] 800 x 600 RGB
Mode_2 [2] 800 x 600 MONOS
Mode_3 [3] 1024 x 768 YUV 4:2:2
Mode_4 [4] 1024 x 768 RGB
Mode_5 [5] 1024 x 768 MONOS
Mode_6 [6] 800 x 600 MONO16
Mode_7 [7] 1024 x 768 MONO16
[8..31] Reserved (zero)
188h V_MODE_INQ Mode_0 [0] 1280 x 960 YUV 4:2:2
(Format_2) Mode_1 [1] 1280 x 960 RGB
Mode_2 [2] 1280 x 960 MONOS
Mode_3 [3] 1600 x 1200 YUV 4:2:2
Mode_4 [4] 1600 x 1200 RGB
Mode_5 [5] 1600 x 1200 MONO8
Mode_6 [6] 1280 x 960 MONO16
Mode_7 [7] 1600 x 1200 MONO16
[8..31] Reserved (zero)
18Ch
Reserved for other V_MODE_INQ_x for Format_x. Always 0
197h
198h V_MODE_INQ_6 (Format_6) Always 0

Table 104: Video mode inquiry register
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Offset Name Field Bit Description Color mode
19Ch V_MODE_INQ Mode_0 [0] Format_7 Mode_0
(Format_7) Mode_1 [1] Format_7 Mode_1
Mode_2 [2] Format_7 Mode_2
Mode_3 [3] Format_7 Mode_3
Mode_4 [4] Format_7 Mode_4
Mode_5 [5] Format_7 Mode_5
Mode_6 [6] Format_7 Mode_6
Mode_7 [7] Format_7 Mode_7
[8..31] Reserved (zero)

Table 104: Video mode inquiry register

Inquiry register for video frame rate and base

address
Offset Name Field Bit Description
200h V_RATE_INQ FrameRate_0 [0] Reserved
(Format_0, Mode_0) FrameRate_1 [1] Reserved

FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] 120 fps (V1.31)
FrameRate_7 [7] 240 fps (V1.31)
[8..31] Reserved (zero)

204h V_RATE_INQ FrameRate_0 [0] 1.875 fps

(Format_0, Mode_1) FrameRate_1 [1] 3.75 fps

FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] 120 fps (V1.31)
FrameRate_7 [7] 240 fps (V1.31)
[8..31] Reserved (zero)

Table 105: Frame rate inquiry register
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Offset Name Field Bit Description
208h V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_0, Mode_2) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] 120 fps (V1.31)
FrameRate_7 [7] 240 fps (V1.31)
[8..31] Reserved (zero)
20Ch V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_0, Mode_3) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 (6] 120 fps (V1.31)
FrameRate_7 [7] 240 fps (V1.31)
[8..31] Reserved (zero)
210h V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_0, Mode_4) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] 120 fps (V1.31)
FrameRate_7 [7] 240 fps (V1.31)
[8..31] Reserved (zero)

Table 105: Frame rate inquiry register
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Offset Name Field Bit Description
214h V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_0, Mode_5) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] 120 fps (V1.31)
FrameRate_7 [7] 240 fps (V1.31)
[8..31] Reserved (zero)
218h V_RATE_INQ (Format_o, [0] 1.875 fps
Mode_6)
FrameRate_0
FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] 120 fps (V1.31)
FrameRate_7 [7] 240 fps (V1.31)
[8..31] Reserved (zero)
21Ch
Reserved V_RATE_INQ_0_x (for other Mode_x of Always 0
Format_0)
21Fh
220h V_RATE_INQ FrameRate_0 [0] Reserved
(Format_1, Mode_0) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] 120 fps (V1.31)
FrameRate_7 [7] 240 fps (V1.31)
[8..31] Reserved (zero)

Table 105: Frame rate inquiry register
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Offset Name Field Bit Description
224h V_RATE_INQ FrameRate_0 [0] Reserved
(Format_1, Mode_1) FrameRate_1 [1] Reserved
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] 120 fps (V1.31)
FrameRate_7 [7] 240 fps (V1.31)
[8..31] Reserved (zero)
228h V_RATE_INQ FrameRate_0 [0] Reserved
(Format_1, Mode_2) FrameRate_1 [1] Reserved
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 (6] 120 fps (V1.31)
FrameRate_7 [7] 240 fps (V1.31)
[8..31] Reserved (zero)
22Ch V_RATE_INQ (Format_1, | FrameRate_0 [0] 1.875 fps
Mode_3) FrameRate_1 [1] 3.75 ps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] 120 fps (V1.31)
FrameRate_7 [7] 240 fps (V1.31)
[8..31] Reserved (zero)

Table 105: Frame rate inquiry register
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Offset Name Field Bit Description
230h V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_1, Mode_4) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] 120 fps (V1.31)
FrameRate_7 [7] 240 fps (V1.31)
[8..31] Reserved (zero)
234h V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_1, Mode_5) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 (6] 120 fps (V1.31)
FrameRate_7 [7] 240 fps (V1.31)
[8..31] Reserved (zero)
238h V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_1, Mode_6) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] 120 fps (V1.31)
FrameRate_7 [7] 240 fps (V1.31)
[8..31] Reserved (zero)

Table 105: Frame rate inquiry register
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Offset Name Field Bit Description
23Ch V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_1, Mode_7) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] 120 fps (V1.31)
FrameRate_7 [7] Reserved
[8..31] Reserved (zero)
240h V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_2, Mode_0) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] Reserved
FrameRate_7 [7] Reserved
[8..31] Reserved (zero)
244h V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_2, Mode_1) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] Reserved
FrameRate_7 [7] Reserved
[8..31] Reserved (zero)

Table 105: Frame rate inquiry register
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Offset Name Field Bit Description
248h V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_2, Mode_2) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] 120 fps (V1.31)
FrameRate_7 [7] Reserved
[8..31] Reserved (zero)
24Ch V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_2, Mode_3) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] Reserved
FrameRate_7 [7] Reserved
[8..31] Reserved (zero)
250h V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_2, Mode_4) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] Reserved
FrameRate_6 [6] Reserved
FrameRate_7 [7] Reserved
[8..31] Reserved (zero)

Table 105: Frame rate inquiry register
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Offset Name Field Bit Description
254h V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_2, Mode_5) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] Reserved
FrameRate_7 [7] Reserved
[8..31] Reserved (zero)
258h V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_2, Mode_6) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] Reserved
FrameRate_7 [7] Reserved
[8..31] Reserved (zero)
25Ch V_RATE_INQ FrameRate_0 [0] 1.875 fps
(Format_2, Mode_7) FrameRate_1 [1] 3.75 fps
FrameRate_2 [2] 7.5 fps
FrameRate_3 [3] 15 fps
FrameRate_4 [4] 30 fps
FrameRate_5 [5] 60 fps
FrameRate_6 [6] Reserved
FrameRate_7 [7] Reserved
[8..31] Reserved
260h
Reserved V_RATE_INQ_y_x (for other Format_y, Mode_x)
2BFh
2C0h V_REV_INQ_6_0 (Format_6, Mode0) Always 0
2C4h
Reserved V_REV_INQ_6_x (for other Mode_x of Format_6) | Always 0
2DFh

Table 105: Frame rate inquiry register
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Offset Name Field Bit Description

2EOh V-CSR_INQ_7_0 [0..31] CSR_quadlet offset for Format_7
Mode_0

2E4h V-CSR_INQ_7_1 [0..31] CSR_quadlet offset for Format_7
Mode_1

2E8h V-CSR_INQ_7_2 [0..31] CSR_quadlet offset for Format_7
Mode_2

2ECh V-CSR_INQ_7_3 [0..31] CSR_quadlet offset for Format_7
Mode_3

2F0h V-CSR_INQ_7_4 [0..31] CSR_quadlet offset for Format_7
Mode_4

2F4h V-CSR_INQ_7_5 [0..31] CSR_quadlet offset for Format_7
Mode_5

2F8h V-CSR_INQ_7_6 [0..31] CSR_quadlet offset for Format_7
Mode_6

2FCh V-CSR_INQ_7_7 [0..31] CSR_quadlet offset for Format_7

Mode_7

Table 105: Frame rate inquiry register
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Inquiry register for basic function

Offset Name i Description
400h | BASIC_FUNC_INQ |Advanced_Feature_Ing [0] Inquiry for advanced features
(Vendor unique Features)
Vmode_Error_Status_Ing [1] Inquiry for existence of
Vmode_Error_Status register
Feature_Control_Error_Status_Ing|[2] Inquiry for existence of
Feature_Control_Error_Status
Opt_Func_CSR_Ing [3] Inquiry for Opt_Func_CSR
--- [4..7] Reserved
1394b_mode_Capability [8] Inquiry for

1394b_mode_Capability
--- [9..15] |Reserved

Cam_Power_Cntl [16] Camera process power ON/OFF
capability

--- [17..18] | Reserved

One_Shot_Ing [19] One-shot transmission capa-
bility

Multi_Shot_Ing [20] Multi-shot transmission capa-
bility

--- [21..27] |Reserved

Memory_Channel [28..31] |Maximum memory channel
number (N)
If 0000, no user memory
available

Table 106: Basic function inquiry register
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Inquiry register for feature presence

Offset Name Field Bit Description

404h FEATURE_HI_INQ Brightness [0] Brightness control
Auto_Exposure [1] Auto_Exposure control
Sharpness [2] Sharpness control
White_Balance [3] White balance control
Hue [4] Hue control
Saturation [5] Saturation control
Gamma [6] Gamma control
Shutter [7] Shutter control
Gain [8] Gain control
Iris [9] Iris control
Focus [10] Focus control
Temperature [11] Temperature control
Trigger [12] Trigger control
Trigger_Delay [13] Trigger_Delay control
White_Shading [14] White_Shading control
Frame_Rate [15] Frame_Rate control
--- [16..31] | Reserved

408h FEATURE_LO_INQ Zoom [0] Zoom control
Pan [1] Pan control
Tilt [2] Tilt control
Optical_Filter [3] Optical_Filter control
--- [4..15] |Reserved
Capture_Size [16] Capture_Size for Format_6
Capture_Quality [17] Capture_Quality for Format_6
--- [16..31] | Reserved

40Ch OPT_FUNCTION_INQ --- [0] Reserved
PIO [1] Parallel Input/Output control
SI0 [2] Serial Input/Output control
Strobe_out [4..31] |Strobe signal output

Table 107: Feature presence inquiry register
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410h

47Fh

Name

Field

Reserved

Bit

/1

Description

Address error on access

480h

Advanced_Feature_Ing

Advanced_Feature_Quadlet_Offset|

[0..31]

Quadlet offset of the
advanced feature CSR's from
the base address of initial
register space

(vendor unique)

This register is the offset for
the Access_Control_Register
and thus the base address for
Advanced Features.

Access_Control_Register
does not prevent access to
advanced features. In some
programs it should still
always be activated first.
Advanced Feature Set
Unique Value is 7ACh and
CompanylID is A47h.

484h

PIO_Control_CSR_Ing

PIO_Control_Quadlet_Offset

[0..31]

Quadlet offset of the
PIO_Control CSR's from the
base address of initial regis-
ter space (Vendor unique)

488h

SIO_Control_CSR_Ing

SI0_Control_Quadlet_Offset

[0..31]

Quadlet offset of the
SI0_Control CSR's from the
base address of initial regis-
ter space (vendor unique)

48Ch

Strobe_Output_CSR_Ing

Strobe_Output_Quadlet_Offset

[0..31]

Quadlet offset of the
Strobe_Output signal CSR's
from the base address of ini-
tial register space

(vendor unique)

Table 107: Feature presence inquiry register
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0xFOF00500

/1

Inquiry register for feature elements

Name
BRIGHTNESS_INQUIRY

Field

Presence_Ing

Bit

Description

Indicates presence of this
feature (read only)

Abs_Control_Ing [1]

Capability of control with
absolute value

Reserved

One_Push_Ing [3]

One-push auto mode (con-
trolled automatically by the
camera once)

Readout_Inq

Capability of reading out the
value of this feature

ON_OFF

[5]

Capability of switching this
feature ON and OFF

Auto_Ing

[6]

Auto Mode (Controlled auto-
matically by the camera)

Manual_Ing

[7]

Manual Mode (Controlled by
user)

Min_Value

[8..19]

Minimum value for this fea-
ture

Max_Value

[20..31]

Maximum value for this fea-
ture

504h

AUTO_EXPOSURE_INQ

Same definition as Brightness_ing.

508h

SHARPNESS_INQ

Same definition as Brightness_ing.

50Ch

WHITE_BAL_INQ

Same definition as Brightness_ing.

510h

HUE_INQ

Same definition as Brightness_ing.

514h

SATURATION_INQ

Same definition as Brightness_ing.

518h

GAMMA_INQ

Same definition as Brightness_ing.

51Ch

SHUTTER_INQ

Same definition as Brightness_ing.

520h

GAIN_INQ

Same definition as Brightness_ing.

524h

IRIS_INQ

Always 0

528h

FOCUS_INQ

Always 0

52Ch

TEMPERATURE_INQ

Same definition as Brightness_ing.

Table 108: Feature elements inquiry register
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Register

/1

Description

530h TRIGGER_INQ Presence_Inq [0] Indicates presence of this
feature (read only)
Abs_Control_Ing [1] Capability of control with
absolute value
--- [2..3 Reserved
Readout_Ing [4] Capability of reading out the
value of this feature
ON_OFF [5] Capability of switching this
feature ON and OFF
Polarity_Ing [6] Capability of changing the
polarity of the trigger input
--- [7..15] Reserved
Trigger_Mode0_Inq |[16] Presence of Trigger_Mode 0
Trigger_Mode1_Inq [[17] Presence of Trigger_Mode 1
Trigger_Mode2_Inq |[18] Presence of Trigger_Mode 2
Trigger_Mode3_Inq [[19] Presence of Trigger_Mode 3
--- [20..31 Reserved
534h TRIGGER_DELAY_INQUIRY | Presence_Ing [0] Indicates presence of this
feature (read only)
Abs_Control_Ing [1] Capability of control with
absolute value
--- [2] Reserved
One_Push_Ing [3] One Push auto mode Con-
trolled automatically by the
camera once)
Readout_Ing [4] Capability of reading out the
value of this feature
ON_OFF [5] Capability of switching this
feature ON and OFF
Auto_Ing [6] Auto Mode (Controlled auto-
matically by the camera)
Manual_Ing [7] Manual Mode (Controlled by
user)
Min_Value [8..19] Minimum value for this fea-
ture
Max_Value [20..31] Maximum value for this fea-
ture
538 .. 57Ch Reserved for other FEATURE_HI_INQ

Table 108:

Feature elements inquiry register
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Register Description

580h Z00M_INQ Always 0

584h PAN_INQ Always 0

588h TILT_INQ Always 0

58Ch OPTICAL_FILTER_INQ Always 0

590
Reserved for other Always 0
FEATURE_LO_INQ

5BCh

5C0h CAPTURE_SIZE_INQ Always 0

5C4h CAPTURE_QUALITY_INQ Always 0

5C8h
Reserved for other Always 0
FEATURE_LO_INQ

5FCh

600h CUR-V-Frm_RATE/Revision | Bit [0..2] for the frame rate

604h CUR-V-MODE Bit [0..2] for the current video mode

608h CUR-V-FORMAT Bit [0..2] for the current video format

60Ch ISO-Channel Bit [0..3] for channel, [6..7] for ISO speed

610h Camera_Power Always 0

614h ISO_EN/Continuous_Shot | Bit 0: 1 for start continuous shot; 0 for stop continuos shot

618h Memory_Save Always 0

61Ch One_Shot, Multi_Shot, See Chapter One-shot on page 167

Count Number See Chapter Multi-shot on page 170

620h Mem_Save_Ch Always 0

624 Cur_Mem_Ch Always 0

628h Vmode_Error_Status Error in combination of Format/Mode/ISO Speed:

Bit(0): No error; Bit(0)=1: error

Table 108: Feature elements inquiry register
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Inquiry register for absolute value CSR offset

address

Offset Name Description
700h ABS_CSR_HI_INQ_O Always 0
704h ABS_CSR_HI_INQ_1 Always 0
708h ABS_CSR_HI_INQ_2 Always 0
70Ch ABS_CSR_HI_INQ_3 Always 0
710h ABS_CSR_HI_INQ_4 Always 0
714h ABS_CSR_HI_INQ_5 Always 0
718h ABS_CSR_HI_INQ_6 Always 0
71Ch ABS_CSR_HI_INQ_7 Always 0
720h ABS_CSR_HI_INQ_8 Always 0
724h ABS_CSR_HI_INQ_9 Always 0
728h ABS_CSR_HI_INQ_10 Always 0
72Ch ABS_CSR_HI_INQ_11 Always 0
730h ABS_CSR_HI_INQ_12 Always 0
734

Reserved Always 0
77Fh
780h ABS_CSR_LO_INQ_O Always 0
784h ABS_CSR_LO_INQ_1 Always 0
788h ABS_CSR_LO_INQ_2 Always 0
78Ch ABS_CSR_LO_INQ_3 Always 0
790h
.. Reserved Always 0
7BFh
7Coh ABS_CSR_LO_INQ_16 Always 0
7C4h ABS_CSR_LO_INQ_17 Always 0
7C8h
.. Reserved Always 0
7FFh

Table 109: Absolute value inquiry register
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800h

Name
BRIGHTNESS

/1

Status and control register for one-push

The OnePush feature, WHITE_BALANCE, is currently implemented. If this flag
is set, the feature becomes immediately active, even if no images are being
input (see Chapter One-push automatic white balance on page 98).

Field

Presence_Ing

Bit
[0]

Description

Presence of this feature
0: N/A

1: Available

Abs_Control

Absolute value control
0: Control with value in the Value field

1: Control with value in the Absolute
value CSR

If this bit = 1, value in the Value field is
ignored.

[2-4]

Reserved

One_Push

[5]

Write 1: begin to work (Self cleared after
operation)

Read: Value=1 in operation
Value=0 not in operation
If A_M_Mode =1, this bit is ignored.

ON_OFF

Write: ON or OFF this feature
Read: read a status
0: OFF, 1: ON

If this bit =0, other fields will be read
only.

A_M Mode

Write: set the mode

Read: read a current mode
0: Manual

1: Auto

[8-19]

Reserved

Value

[20-31]

Value.

Write the value in Auto mode, this field
is ignored.

If ReadOut capability is not available,
read value has no meaning.

Table 110: Feature control register
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Offset Name Field Bit Description

804h AUTO-EXPOSURE See above
Note: Target grey level parameter in
SmartView corresponds to Auto_exposure
register 0xFOF00804 (IIDC).

808h SHARPNESS See above

Table 110: Feature control register
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Offset
80Ch

Name
WHITE-BALANCE

Field

Presence_Ing

Bit
[0]

/1

Description
Presence of this feature

0: N/A
1: Available

Always 0 for Mono

Abs_Control

Absolute value control

0: Control with value in the Value field
1: Control with value in the Absolute
value CSR

If this bit = 1, value in the Value field is
ignored.

[2-4]

Reserved

One_Push

[5]

Write 1: begin to work (Self cleared after
operation)

Read: Value=1 in operation
Value=0 not in operation
If A_M_Mode =1, this bit is ignored.

ON_OFF

Write: ON or OFF this feature,
Read: read a status

0: OFF
1: ON

If this bit =0, other fields will be read
only.

A_M_Mode

Write: set the mode
Read: read a current mode

0: Manual
1: Auto

U_Value /
B_Value

[8-19]

U value / B value

Write the value in AUTO mode, this field
is ignored.

If ReadOut capability is not available,
read value has no meaning.

V_Value /
R_Value

[20-31]

V value / R value

Write the value in AUTO mode, this field
is ignored.

If ReadOut capability is not available,
read value has no meaning.

Table 110: Feature control register
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Offset Name Description
810h HUE See above
Always 0 for Mono
814h SATURATION See above
Always 0 for Mono
818h GAMMA See above
81Ch SHUTTER See Advanced Feature time base
See Table 36: CSR: Shutter on page 102
820h GAIN See above
824h IRIS Always 0
828h FOCUS Always 0
82Ch TEMPERATURE See Table 113: CSR: Temperature on page
251
830h TRIGGER-MODE Can be effected via advanced feature
I0_INP_CTRLx.
834h
Reserved for other Alwavs 0
FEATURE_HI y
87C
880h Zoom Always 0
884h PAN Always 0
888h TILT Always 0
88Ch OPTICAL_FILTER Always 0
890
Reserved for other Alwavs 0
FEATURE_LO y
8BCh
8CO0h CAPTURE-SIZE Always 0
8C4h CAPTURE-QUALITY Always 0
8C8h Reserved for other Always 0
FEATURE_LO
8FCh

Table 110: Feature control register
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Offset
640h

Feature_Control_Error_Status_HI Always 0

Feature control error status register

Description

644h

Feature_Control_Error_Status_LO Always 0

Offset
000h

Table 111: Feature control error register

Video mode control and status registers for
Format_7

Quadlet offset Format_7 Mode O

The quadlet offset to the base address for Format_7 Mode_0, which can be
read out at FOFO02EOh (according to Table 105: Frame rate inquiry register
on page 229) gives 003C2000h.

4 x 3C2000h = FO8000h so that the base address for the latter (Table 112:
Format_7 control and status register on page 249) equals
FO000000h + FO8000h = FOF08000h.

Quadlet offset Format_7 Mode_1

The quadlet offset to the base address for Format_7 Mode_1, which can be
read out at FOF002E4h (according to Table 105: Frame rate inquiry register
on page 229) gives 003C2400h.

4 x 003C2400h = FO9000h so that the base address for the latter (Table 112:
Format_7 control and status register on page 249) equals
FO000000h + FO9000h = FOF09000h.

Format_7 control and status register (CSR)

Name Description
MAX_IMAGE_SIZE_INQ According to IIDC V1.31

004h

UNIT_SIZE_INQ According to IIDC V1.31

008h

IMAGE_POSITION According to IIDC V1.31

00Ch

IMAGE_SIZE According to IIDC V1.31

010h

COLOR_CODING_ID See note

014h

COLOR_CODING_INQ According to IIDC V1.31

Table 112: Format_7 control and status register
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Offset Name Description
024h COLOR_CODING_INQ Vendor Unique Color_Coding
0-127 (ID=128-255)
ID=132 ECCID_MONO12
033h ID=136 ECCID_RAW12
ID=133 Reserved
ID=134 Reserved
ID=135 Reserved
See Chapter Packed 12-Bit Mode
on page 138.
034h PIXEL_NUMER_INQ According to IIDC V1.31
038h TOTAL_BYTES_HI_INQ According to IIDC V1.31
03Ch TOTAL_BYTES_LO_INQ According to IIDC V1.31
040h PACKET_PARA_INQ See note
044h BYTE_PER_PACKET According to IIDC V1.31

Table 112: Format_7 control and status register

Note

®

® For all modes in Format_7, ErrorFlag_1 and
ErrorFlag_2 are refreshed on each access to the

Format_7 register.

e (Contrary to IIDC V1.31, registers relevant to Format_7
are refreshed on each access. The Setting_1 bit is
automatically cleared after each access.

e When ErrorFlag_1 or ErrorFlag_2 are set and Format_7
is configured, no image capture is started.

e (Contrary to IIDC V1.31, COLOR_CODING_ID is set to a
default value after an INITIALIZE or reset.

e (Contrary to IIDC V1.31, the UnitBytePerPacket field is
already filled in with a fixed value in the
PACKET_PARA_INQ register.
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Temperature register

The temperature is implemented with Presence_Ing=1 (available) and
ON_OFF [6] always ON according to IIDC V1.31:

Register

Description

0xFOF0082C |TEMPERATURE |Presence_Ing |[[0] Presence of this feature:
0: N/A
1: Available
Abs_Control  |[1] Absolute value control
0: Control with value in the value field
1: Control with value in the absolute
value CSR
If this bit=1 the value in the value field
has to be ignored.
--- [2..4] Reserved
One_Push [5] Write 1: begin to work (self cleared after
operation)
Read: Value=1 in operation
Read: Value=0 not in operation
If A_M_Mode=1, this bit is ignored
ON_OFF [6] Write: ON or OFF this feature
Always 1
0: OFF
1: ON
A_M_MODE [7] Write: set mode
Read: read current mode
0: MANUAL
1: AUTO
--- [8..19] |Reserved
Value [20..31] |Temperature at the present time (read

only)

Read out temperature value and divide by
10: this is the temperature at sensor in

degree Celsius.

® min. displayed temperature: -55 °C
e max. displayed temperature: 150 °C
e Increment: 0.25 °C/step

Table 113: CSR: Temperature

From -10 °C to +65 °C the temperature accuracy is: +1.5 °C / -2.0 °C
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Advanced features (AVT-specific)

The camera has a variety of extended features going beyond the possibilities
described in IIDC V1.31. The following chapter summarizes all available (AVT-
specific) advanced features in ascending register order.

Note

®

This chapter is a reference guide for advanced registers

and does not explain the advanced features itself.

For detailed description of the theoretical background see

e Chapter Description of the data path on page 95

e Links given in the table below

Advanced registers summary

The following table gives an overview of all available advanced registers:

Register Register name Description

0XF1000010 VERSION_INFO1 See Table 115: Advanced register: Extended ver-

0xF1000014 VERSION_INFO1_EX sion information on page 255

0XF1000018 VERSION_INFO3

0xF100001C VERSION_INFO3_EX

0XF1000040 ADV_INQ_1 See Table 117: Advanced register: Advanced fea-

OXF1000044 |ADV_INQ_2 ture inquiry on page 257

0XF1000048 ADV_INQ_3 In ADV_INQ_3 there is a new field

0XF100004C ADV_INQ_4 F7MODE_MAPPING [3]

0xF1000100 CAMERA_STATUS See Table 118: Advanced register: Camera status
on page 259

0XF1000200 MAX_RESOLUTION See Table 119: Advanced register: Maximum reso-
lution inquiry on page 260

0XF1000208 TIMEBASE See Table 120: Advanced register: Time base on
page 260

0XF100020C EXTD_SHUTTER See Table 122: Advanced register: Extended shut-
ter on page 262

0XF1000210 TEST_IMAGE See Table 123: Advanced register: Test images on
page 263

0XF1000220 SEQUENCE_CTRL See Table 67: Advanced register: Sequence mode

0XF1000224 SEQUENCE_PARAM on page 174

0XF1000228 SEQUENCE_STEP

0XF100022C SEQUENCE_RESET

Table 114: Advanced registers summary
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Register name
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Description

0XF1000240 LUT_CTRL See Table 124: Advanced register: LUT on page

0XF1000244 LUT_MEM_CTRL 264

0XF1000248 LUT_INFO

0XF1000250 SHDG_CTRL See Table 125: Advanced register: Shading on

0XF1000254 SHDG_MEM_CTRL page 267

0XF1000258 SHDG_INFO

0XF1000260 DEFERRED_TRANS See Table 127: Advanced register: Deferred image
transport on page 270

0XF1000270 FRAMEINFO See Table 128: Advanced register: Frame informa-

0XF1000274 FRAMECOUNTER tion on page 271

0XF1000300 I0_INP_CTRL1 STINGRAY housing and board level cameras

OXF1000304 10 INP CTRL? See Table 21: Advanced register: Input control on
page 80

0XF1000320 I0_OUTP_CTRL1 STINGRAY housing and board level cameras

0XF1000324 10_OUTP_CTRL2 See Table 27: Advanced register: Output control

0XF1000328 I0_OUTP_CTRL3 on page 86

0XF100032C 10_OUTP_CTRL4

0XF1000340 IO_INTENA_DELAY See Table 129: Advanced register: Delayed Inte-
gration Enable (IntEna) on page 272

0XF1000360 AUTOSHUTTER_CTRL See Table 130: Advanced register: Auto shutter

0XF1000364 AUTOSHUTTER_LO control on page 273

0XF1000368 AUTOSHUTTER_HI

0XF1000370 AUTOGAIN_CTRL See Table 131: Advanced register: Auto gain con-
trol on page 274

0XF1000390 AUTOFNC_AOI See Table 132: Advanced register: Autofunction

0XF1000394 AF_AREA_POSITION AOI on page 275

0XF1000398 AF_AREA_SIZE

0XF10003A0 COLOR_CORR Stingray color cameras only

See Table 133: Advanced register: Color correction
on page 276

Table 114: Advanced registers summary
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Register Register name Description

0xF10003A4 COLOR_CORR_COEFFIC11 = Crr

0xF10003A8 COLOR_CORR_COEFFIC12 = Cgr

0xF10003AC COLOR_CORR_COEFFIC13 = Cbr

0xF10003B0 COLOR_CORR_COEFFIC21 = Crg Stingray color cameras only

0xF10003B4 COLOR_CORR_COEFFIC22 = Cgg | See Table 133: Advanced register: Color correction

0xF10003B8 COLOR_CORR_COEFFIC23 = Chg on page 276

0xF10003BC COLOR_CORR_COEFFIC31 = Crb

0xF10003C0 COLOR_CORR_COEFFIC32 = Cgb

0xF10003C4 COLOR_CORR_COEFFIC33 = Cbh

0XF1000400 TRIGGER_DELAY See Table 134: Advanced register: Trigger delay on
page 277

0XF1000410 MIRROR_IMAGE See Table 135: Advanced register: Mirror on page
277

0XF1000510 SOFT_RESET See Table 136: Advanced register: Soft reset on
page 278

0XF1000520 HIGH_SNR See Table 137: Advanced register: High Signal
Noise Ratio (HSNR) on page 279

0XF1000550 USER PROFILES See Table 150: Advanced register: User profiles on
page 292

0XF1000570 PARAMUPD_TIMING See Table 140: Advanced register: Update timing
modes on page 282

0XF1000580 F7MODE_MAPPING See Table 143: Advanced register: Format_7 mode
mapping on page 285

0XF1000610 FRMCNT_STAMP See Table 147: Advanced register: Frame counter
on page 289

0XF1000620 TRIGGER_COUNTER See Table 148: Advanced register: Trigger counter

0XF1000630 SIS on page 290
See Table 144: Advanced register: secure image
signature (SIS) on page 287

0XF1000800 10_OUTP_PWM1 Stingray housing and board level cameras:

0XF1000804 I0_OUTP_PWM2 See Table 29: PWM configuration registers on page

0XF1000808 10_OUTP_PWM3 89

0XF100080C I0_OUTP_PWM4

0XF1000FFC GPDATA_INFO See Table 153: Advanced register: GPData buffer

0XF1001000 GPDATA_BUFFER on page 296

0XF100nnnn

Table 114: Advanced registers summary
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Register name

/1

Description

0x1100000

PARRAMLIST_INFO

See Table 141: Advanced register: Parameter-List

0x1101000

PARAMLIST_BUFFER

Update: parameter list on page 284

Table 114: Advanced registers summary

Note

Note

®

Advanced features should always be activated before access-
ing them.

e Currently all registers can be written without being
activated. This makes it easier to operate the camera
using Directcontrol.

e AVT reserves the right to require activation in future
versions of the software.

Extended version information register

The presence of each of the following features can be queried by the 0 bit of
the corresponding register.

Register Description
0xF1000010 VERSION_INFO1 uC type ID [0..15] Always 0

uC version [16..31] Bcd-coded version number
0xF1000014 VERSION_INFO1_EX |uC version [0..31] Bcd-coded version number
0xF1000018 VERSION_INFO3 Camera type ID [0..15] See Table 116: Camera type

ID list on page 256.

FPGA version [16..31] Bcd-coded version number
0xF100001C VERSION_INFO3_EX | FPGA version [0..31] Bcd-coded version number
0xF1000020 [0..31] Reserved
0xF1000024 [0..31] Reserved
0xF1000028 [0..31] Reserved
0xF100002C [0..31] Reserved
0xF1000030 OrderIDHigh [0..31] 8 Byte ASCII Order ID
0xF1000034 OrderIDLow [0..31]

Table 115: Advanced register: Extended version information
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The pC version and FPGA firmware version numbers are bcd-coded, which
means that e.g. firmware version 0.85 is read as 0x0085 and version 1.10 is
read as 0x0110.

The newly added VERSION_INFOx_EX registers contain extended bcd-coded
version information formatted as special. major.minor.patch.

So reading the value 0x00223344 is decoded as:

® special: 0 (decimal)

® major: 22 (decimal)

® minor: 33 (decimal)

e patch: 44 (decimal)

This is decoded to the human readable version 22.33.44 (leading zeros are
omitted).

Note If a camera returns the register set to all zero, that particular
camera does not support the extended version information.

The FPGA type ID (= camera type ID) identifies the camera type with the help
of the following list (BL = board level):

ID Camera type

401 STINGRAY F-033B (BL)
402 STINGRAY F-033C (BL)
403

404 ---

405 STINGRAY F-046B (BL)
406 STINGRAY F-046C (BL)
407 STINGRAY F-080B (BL)
408 STINGRAY F-080C (BL)
413 STINGRAY F-145B (BL)
414 STINGRAY F-145C (BL)
415 STINGRAY F-146B (BL)
416 STINGRAY F-146C (BL)
417 STINGRAY F-201B (BL)
418 STINGRAY F-201C (BL)

Table 116: Camera type ID list

STINGRAY Technical Manual vV2.2.0
256



Configuration of the camera / / /

Register

Advanced feature inquiry

This register indicates with a named bit if a feature is present or not. If a
feature is marked as not present the associated register space might not be
available and read/write errors may occur.

Note Ignore unnamed bits in the following table: these bits might

be set or not.

0xF1000040

Description

ADV_INQ_1 MaxResolution [0]

TimeBase [1]

ExtdShutter [2]

TestImage [3]

Framelnfo [4]

Sequences [5]

VersionInfo [6]

--- [7] Reserved

Look-up tables [8]

Shading [9]

DeferredTrans [10]

HDR mode [11]

--- [12] Reserved

--- [13] Reserved

TriggerDelay [14]

Mirror image [15]

Soft Reset [16]

High SNR [17]

Color correction [18]

--- [19..20] |Reserved

User Sets [21]

--- [22..29] |Reserved

Paramlist_Info [30]

GP_Buffer [31]

Table 117: Advanced register: Advanced feature inquiry
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Register Description
0xF1000044 ADV_INQ_2 Input_1 [0]

Input_2 [1]

--- [2..7] Reserved

Output_1 [8]

Output_2 [9]

Output_3 [10]

Output_4 [11]

--- [12..15] |Reserved

IntEnaDelay [16]

--- [17..23] |Reserved

Output 1 PWM [24] STINGRAY housing and

Output 2 PWM [25] board level cameras

Output 3 PWM [26]

Output 4 PWM [27]

--- [28..31] |Reserved
0xF1000048 ADV_INQ_3 Camera Status [0]

Max IsoSize [1]

Paramupd_Timing |[2]

F7 mode mapping |[3]

Auto Shutter [4]

Auto Gain [5]

Auto FNC AOI (6]

--- [7..31] Reserved
0xF100004C ADV_INQ_4 --- [0]

[1]

[2]

--- [18..31] |Reserved

Table 117: Advanced register: Advanced feature inquiry
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Camera status

This register allows to determine the current status of the camera. The most
important flag is the Idle flag.

If the Idle flag is set the camera does not capture and does not send any
images (but images might be present in the image FIFO).

The ExSyncArmed flag indicates that the camera is set up for external trig-
gering. Even if the camera is waiting for an external trigger event the Idle
flag might get set.

Other bits in this register might be set or toggled: just ignore these bits.

Note e Excessive polling of this register may slow down the

operation of the camera. Therefore the time between
two polls of the status register should not be less than
5 milliseconds. If the time between two read accesses
is lower than 5 milliseconds the response will be
delayed.

® Depending on shutter and isochronous settings the sta-
tus flags might be set for a very short time and thus
will not be recognized by your application.

Register Name Field Bit Description
0xF1000100 CAMERA_STATUS | Presence_Ing [0] Indicates presence of this
feature (read only)
--- [1..23] |Reserved
ID [24..31] |Implementation ID = 0x01
0xF1000104 [0..14] |Reserved
ExSyncArmed [15] External trigger enabled
--- [16..27] |Reserved
IS0 [28] Isochronous transmission
--- [29..30] |Reserved
Idle [31] Camera idle

Table 118: Advanced register: Camera status
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Maximum resolution

This register indicates the highest resolution for the sensor and is read-only.

Note This register normally outputs the MAX_IMAGE_SIZE_INQ
Format_7 Mode_0 value.

@ This is the value given in the specifications tables under
Picture size (max.) in Chapter Specifications on page 38ff.

Register i Description

0xF1000200 MAX_RESOLUTION | MaxHeight [0..15] |Sensor height
(read only)

MaxWidth [16..31] |Sensor width
(read only)

Table 119: Advanced register: Maximum resolution inquiry

Time base

Corresponding to IIDC, exposure time is set via a 12-bit value in the corre-
sponding register (SHUTTER_INQ [51Ch] and SHUTTER [81Ch]).

This means that you can enter a value in the range of 1 to 4095.

Stingray cameras use a time base which is multiplied by the shutter register
value. This multiplier is configured as the time base via the TIMEBASE regis-

ter.
Register Name Field Bit Description
0xF1000208 TIMEBASE Presence_Inq [0] Indicates presence of this

feature (read only)
--- [1..7] Reserved

ExpOffset [8..19] |Exposure offset in ps

--- [20..27] |Reserved

Timebase_ID [28..31] |See Table 121: Time base ID
on page 261.

Table 120: Advanced register: Time base

The time base IDs 0-9 are in bit [28] to [31]. See Table 121: Time base ID on
page 261. Refer to the following table for code.

Default time base is 20 ps: This means that the integration time can be
changed in 20 ps increments with the shutter control.
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Note Time base can only be changed when the camera is in idle
state and becomes active only after setting the shutter value.

The ExpOffset field specifies the camera specific exposure time offset in
microseconds (ps). This time (which should be equivalent to Table 59: Cam-
era-specific exposure time offset on page 164) has to be added to the expo-
sure time (set by any shutter register) to compute the real exposure time.

The ExpOffset field might be zero for some cameras: this has to be assumed
as an unknown exposure time offset (according to former software versions).

ID Time base in ps

1

2

5

10
20 Default value
50
100
200
500
1000

O| O N o LI | Wl L O

Table 121: Time base ID

Note The ABSOLUTE VALUE CSR register, introduced in IIDC V1.3, is

not implemented.
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Extended shutter

The exposure time for long-term integration of up to 67 seconds can be
entered with s precision via the EXTENDED_SHUTTER register.

Register i Description

0xF100020C EXTD_SHUTTER Presence_Ing [0] Indicates presence of this fea-
ture (read only)

--- [1..5] |Reserved
ExpTime [6..31] |Exposure time in ps

Table 122: Advanced register: Extended shutter

The minimum allowed exposure time depends on the camera model. To deter-
mine this value write 1 to the ExpTime field and read back the minimum
allowed exposure time.

The longest exposure time, 3FFFFFFh, corresponds to 67.11 seconds.

Note ® Exposure times entered via the 81Ch register are mir-
rored in the extended register, but not vice versa.

@ e Changes in this register have immediate effect, even
when camera is transmitting.

e Extended shutter becomes inactive after writing to a
format / mode / frame rate register.

e Extended shutter setting will thus be overwritten by
the normal time base/shutter setting after Stop/Start
of FireView or FireDemo.
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Test images

Bit [8] to [14] indicate which test images are saved. Setting bit [28] to [31]
activates or deactivates existing test images.

By activating any test image the following auto features are automatically
disabled:

® auto gain

® auto shutter

® auto white balance

Register Name Field Bit Description

0xF1000210 TEST_IMAGE Presence_Inqg |[0] Indicates presence of this feature
(read only)

--- [1..7] Reserved

Image_Ing_1 |[[8] Presence of test image 1
0: N/A

1: Available
Image_Ing_2 |[9] Presence of test image 2
0: N/A

1: Available
Image_Ing_3 |[10] Presence of test image 3
0: N/A

1: Available
Image_Inq_4 |[[11] Presence of test image 4
0: N/A

1: Available
Image_Ing 5 |[[12] Presence of test image 5
0: N/A

1: Available
Image_Ing_6 |[[13] Presence of test image 6
0: N/A

1: Available
Image_Inq_7 |[14] Presence of test image 7
0: N/A

1: Available

--- [15..27] |Reserved

TestImage_ID |[28..31] |0: No test image active
1: Image 1 active
2: Image 2 active

Table 123: Advanced register: Test images
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/1

Load the look-up tables to be used into the camera and choose the look-up
table number via the LutNo field. Now you can activate the chosen LUT via
the LUT_CTRL register.

The LUT_INFO register indicates how many LUTs the camera can store and
shows the maximum size of the individual LUTs.

The possible values for LutNo are 0..n-1, whereas n can be determined by
reading the field NumOfLuts of the LUT_INFO register.

Description

0xF1000240 LUT_CTRL Presence_Ing [0] Indicates presence of this
feature (read only)
--- [1..5] Reserved
ON_OFF [6] Enable/disable this feature
--- [7..25] |Reserved
LutNo [26..31] |Use look-up table with LutNo
number
0xF1000244 LUT_MEM_CTRL Presence_Ing [0] Indicates presence of this
feature (read only)
--- [1..4] Reserved
EnableMemWR [5] Enable write access
--- [6..7] Reserved
AccessLutNo [8..15] |Reserved
AddrOffset [16..31] | byte
0xF1000248 LUT_INFO Presence_Ing [0] Indicates presence of this
feature (read only)
--- [1..2] Reserved
BitsPerValue [3..7] Bits used per table item
NumOfLuts [8..15] |Maximum number of look-up
tables
MaxLutSize [16..31] |Maximum look-up table size

(bytes)

Table 124: Advanced register: LUT
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The BitsPerValue field indicates how many bits are read from
the LUT for any gray-value read from the sensor. To determine
the number of bytes occupied for each gray-value round-up
the BitsPerValue field to the next byte boundary.

Examples:

e BitsPerValue = 8 - 1 byte per gray-value
e BitsPerValue = 14 - 2 byte per gray-value

Divide MaxLutSize by the number of bytes per gray-value in
order to get the number of bits read from the sensor.

Stingray cameras have the gamma feature implemented via a
built-in look-up table. Therefore you can not use gamma and
your own look-up table at the same time. Nevertheless you

may combine a gamma look-up table into your own look-up
table.

When using the LUT feature and the gamma feature pay
attention to the following:

e gamma ON > look-up table is switched ON also

e gamma OFF - look-up table is switched OFF also

® |ook-up table OFF - gamma is switched OFF also

® look-up table ON > gamma is switched OFF

Loading a look-up table into the camera

Loading a look-up table into the camera is done through the
GPDATA_BUFFER. Because the size of the GPDATA_BUFFER is smaller than a
complete look-up table the data must be written in multiple steps.

To load a lookup table into the camera:
1. Query the limits and ranges by reading LUT_INFO and GPDATA_INFO.

(S I S O N\

Set EnableMemWR to true (1).

Set AccessLutNo to the desired number.

Set AddrOffset to 0.

Write n lookup table data bytes to GPDATA_BUFFER (n might be lower

than the size of the GPDATA_BUFFER; AddrOffset is automatically
adjusted inside the camera).

6. Repeat step 5 until all data is written into the camera.
7. Set EnableMemWR to false (0).
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Shading correction

Owing to technical circumstances, the interaction of recorded objects with
one another, optical effects and lighting non-homogeneities may occur in
the images.

Because these effects are normally not desired, they should be eliminated as
far as possible in subsequent image editing. The camera has automatic shad-
ing correction to do this.

Provided that a shading image is present in the camera, the on/off bit can
be used to enable shading correction.

The on/off and ShowImage bits must be set for saved shading images to be

displayed.

Note e Always make sure that the shading image is saved at
the highest resolution of the camera. If a lower resolu-
tion is chosen and ShowImage is set to true, the image
will not be displayed correctly.

® The shading image is computed using the current video
settings. On fixed video modes the selected frame rate
also affects the computation time.

e The build process will not work, if a MONO16/RGB16
format is active.
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Description

0xF1000250 SHDG_CTRL Presence_Ing [0] Indicates presence of this
feature (read only)
BuildError [1] Could not built shading
image
--- [2..3] Reserved
ShowImage [4] Show shading data as image
BuildImage [5] Build a new shading image
ON_OFF [6] Shading on/off
Busy [7] Build in progress
MemChannelSave |[8] Save shading data in flash
memory
MemChannellLoad |[9] Load shading data from flash
memory
MemChannelClear |[10] Erase flash memory
--- [11..15] |Reserved
MemChannelError |[16..19] |Indicates memory channel
error. See Table 126: Memory
channel error description on
page 269.
MemoryChannel [20..23] |Set memory channel number
for save and load operations
GrabCount [24..31] |Number of images
0xF1000254 SHDG_MEM_CTRL |Presence_Ing [0] Indicates presence of this
feature (read only)
--- [1..4] Reserved
EnableMemWR [5] Enable write access
EnableMemRD [6] Enable read access
- (7] Reserved
AddrOffset [8..31] |In bytes
0xF1000258 SHDG_INFO Presence_Ing [0] Indicates presence of this
feature (read only)
--- [1..3] Reserved
MaxMemChannel |[4..7] Maximum number of available
memory channels to store
shading images
MaxImageSize [8..31] [Maximum shading image size
(in bytes)

Table 125: Advanced register: Shading
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Reading or writing shading image from/into the camera

Accessing the shading image inside the camera is done through the
GPDATA_BUFFER. Because the size of the GPDATA_BUFFER is smaller than a
whole shading image the data must be written in multiple steps.

To read or write a shading image:

1. Query the limits and ranges by reading SHDG_INFO and GPDATA_INFO.
2. Set EnableMemWR or EnableMemRD to true (1).

3. Set AddrOffset to 0.
4

Write n shading data bytes to GPDATA_BUFFER (n might be lower than
the size of the GPDATA_BUFFER; AddrOffset is automatically adjusted
inside the camera).

5. Repeat step 4 until all data is written into the camera.
6. Set EnableMemWR and EnableMemRD to false.

Automatic generation of a shading image

Shading image data may also be generated by the camera. To use this feature
make sure all settings affecting an image are set properly. The camera uses
the current active resolution to generate the shading image.

To generate a shading image:

1. Set GrabCount to the number of the images to be averaged before the
correction factors are calculated.

2. Set BuildImage to true.

3. Poll the SHDG_CTRL register until the Busy and BuildImage flags are
reset automatically.

The maximum value of GrabCount depends on the camera type and the num-
ber of available image buffers. GrabCount is automatically adjusted to a
power of two.

Do not poll the SHDG_CTRL register too often, while automatic generation is
in progress. Each poll delays the process of generating the shading image.
An optimal poll interval time is 500 ms.

Non-volatile memory operations

Stingray cameras support storing shading image data into non-volatile mem-
ory. Once a shading image is stored it is automatically reloaded on each cam-
era reset.

MaxMemChannel indicates the number of so-called memory channels/slots
available for storing shading images.

To store a shading image into non-volatile memory:

1. Set MemoryChannel to the desired memory channel and
MemoryChannelSave to true (1).

2. Read MemoryChannelError to check for errors.
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To reload a shading image from non-volatile memory:

1. Set MemoryChannel to the desired memory channel and
MemChannellLoad to true (1).

2. Read MemChannelError to check for errors.

To clear already stored shading image data in non-volatile memory (shading
image data won't be loaded on camera resets):

1. Set MemoryChannel to the desired memory channel and
MemChannelClear to true (1).

2. Read MemChannelError to check for errors.

Memory channel error codes

ID Error description

0x00 No error

0x01 Memory detection error

0x02 Memory size error

0x03 Memory erase error

0x04 Memory write error

0x05 Memory header write error
0xOF Memory channel out of range

Table 126: Memory channel error description
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Using this register, the sequence of recording and the transfer of the images
can be paused. Setting HoldImg prevents transfer of the image. The images
are stored in ImageFIFQ.

The images indicated by NumOfImages are sent by setting the SendImage

bit.

When FastCapture is set (in Format_7 only), images are recorded at the high-
est possible frame rate.

Description

0xF1000260

DEFERRED_TRANS

Presence_Inq

Indicates presence of this
feature (read only)

--- [1..4] Reserved

SendImage [5] Send NumOfImages now
(auto reset)

HoldImg [6] Enable/Disable deferred
transport mode

FastCapture [7] Enable/disable fast capture
mode

--- [8..15] |Reserved

FiFoSize [16..23] |Size of FIFO in number of
images (read only)

NumOfImages [24..31] |Write: Number of images to

send

Read: Number of images in
buffer

Table 127: Advanced register: Deferred image transport
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This register can be used to double-check the number of images received by
the host computer against the number of images which were transmitted by
the camera. The camera increments this counter with every FrameValid sig-
nal. This is a mirror of the frame counter information found at 0xF1000610.

Description

0xF1000270 FRAMEINFO Presence_Inq [0] Indicates presence of this
feature (read only)
ResetFrameCnt [1] Reset frame counter
--- [1..31] |Reserved
0xF1000274 FRAMECOUNTER FrameCounter [0..31] |Number of captured frames

since last reset

Table 128: Advanced register: Frame information

The FrameCounter is incremented when an image is read out of the sensor.

The FrameCounter does not indicate whether an image was sent over the
IEEE 1394 bus or not.

Input/output pin control

Note

®

e See Chapter Input/output pin control on page 80
e See Chapter I0_INP_CTRL 1-2 on page 81

e See Chapter I0_OUTP_CTRL 1-4 on page 86

e See Chapter Output modes on page 87
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Delayed Integration Enable (IntEna)

A delay time between initiating exposure on the sensor and the activation
edge of the IntEna signal can be set using this register. The on/off flag acti-
vates/deactivates integration delay. The time can be set in ps in DelayTime.

Note ¢ Only one edge is delayed.
e If IntEna_Out is used to control an exposure, it is pos-
@ sible to have a variation in brightness or to precisely
time a flash.

Delay time Delay time

"~ A,

) R
IrntEna_real _] L_w AAAAAA J !

INENE_out  —eeed | — i {
U g
['El:a'j." Delay

Figure 110: Delayed integration timing

Register Name Field Bit Description
0xF1000340 | I0_INTENA_DELAY Presence_Ing [0] Indicates presence of this
feature (read only)
--- [1..5] Reserved
ON_OFF [6] Enable/disable integration

enable delay
--- [7..11] Reserved
DELAY_TIME [12..31] Delay time in ps

Table 129: Advanced register: Delayed Integration Enable (IntEna)
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Auto shutter control

The table below illustrates the advanced register for auto shutter control.
The purpose of this register is to limit the range within which auto shutter
operates.

Register Field Bit Description
0xF1000360 | AUTOSHUTTER_CTRL Presence_Ing [0] Indicates presence of this
feature (read only)
--- [1..31] Reserved
0xF1000364 | AUTOSHUTTER_LO --- [0..5] Reserved
MinValue [6..31] Minimum auto shutter value
lowest possible value: 10 ps
0xF1000368 | AUTOSHUTTER_HI --- [0..5] Reserved
MaxValue [6..31] Maximum auto shutter value

Table 130: Advanced register: Auto shutter control

Note e Values can only be changed within the limits of shutter
CSR.

@ e C(Changes in auto exposure register only have an effect
when auto shutter is enabled.

® Auto exposure limits are: 50..205 (SmartView->Ctrl1
tab: Target grey level)

When both auto shutter and auto gain are enabled, priority is given to
increasing shutter when brightness decreases. This is done to achieve the
best image quality with lowest noise.

Forincreasing brightness, priority is given to lowering gain first for the same
purpose.

MinValue and MaxValue limits the range the auto shutter feature is allowed
to use for the regulation process. Both values are initialized with the mini-
mum and maximum value defined in the standard SHUTTER_INQ register
(multiplied by the current active timebase).

If you change the MinValue and/or MaxValue and the new range exceeds the
range defined by the SHUTTER_INQ register, the standard SHUTTER register
will not show correct shutter values. In this case you should read the
EXTENDED_SHUTTER register for the current active shutter time.

Changing the auto shutter range might not affect the regulation, if the reg-
ulation is in a stable condition and no other condition affecting the image
brightness is changed.
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Register
0xF1000370

If both auto gain and auto shutter are enabled and if the shutter is at its
upper boundary and gain regulation is in progress, increasing the upper auto
shutter boundary has no effect on auto gain/shutter regulation as long as
auto gain regulation is active.

Note As with the Extended Shutter the value of MinValue and
MaxValue must not be set to a lower value than the minimum

@ shutter time.

Auto gain control

The table below illustrates the advanced register for auto gain control.

Field Bit Description
AUTOGAIN_CTRL Presence_Ing [0] Indicates presence of this
feature (read only)
--- [1..3] Reserved
MaxValue [4..15] Maximum auto gain value
--- [16..19] Reserved
MinValue [20..31] Minimum auto gain value

Table 131: Advanced register: Auto gain control

MinValue and MaxValue limits the range the auto gain feature is allowed to
use for the regulation process. Both values are initialized with the minimum
and maximum value defined in the standard GAIN_INQ register.

Changing the auto gain range might not affect the requlation, if the regu-
lation is in a stable condition and no other condition affecting the image
brightness is changed.

If both auto gain and auto shutter are enabled and if the gain is at its lower
boundary and shutter regulation is in progress, decreasing the lower auto
gain boundary has no effect on auto gain/shutter regulation as long as auto
shutter regulation is active.

Both values can only be changed within the range defined by the standard
GAIN_INQ register.
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Autofunction AOI

The table below illustrates the advanced register for autofunction AOIL.

Register Name i Description
0xF1000390 | AUTOFNC_AOI Presence_Ing [0] Indicates presence of this
feature (read only)
--- [1..3] Reserved
ShowWorkArea [4] Show work area
--- [5] Reserved
ON_OFF [6] Enable/disable AOI (see note
above)
--- [7] Reserved
YUNITS [8..19] Y units of work area/pos.
beginning with 0 (read only)
XUNITS [20..31] X units of work area/pos.
beginning with 0 (read only)
0xF1000394 | AF_AREA_POSITION Left [0..15] Work area position
(left coordinate)
Top [16..31] Work area position
(top coordinate)
0xF1000398 | AF_AREA_SIZE Width [0..15] Width of work area size
Height [16..31] Height of work area size

Table 132: Advanced register: Autofunction AOI

The possible increment of the work area position and size is defined by the
YUNITS and XUNITS fields. The camera automatically adjusts your settings to
permitted values.

Note If the adjustment fails and the work area size and/or work
area position becomes invalid, then this feature is automat-
@ ically switched off.
Read back the ON_OFF flag, if this feature does not work as
expected.
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To switch off color correction in YUV mode: see bit [6]

Name

Description

0xF10003A0 | COLOR_CORR Presence_Inqg |[0] Indicates presence of this
feature (read only)
--- [1..5] Reserved
ON_OFF [6] Color correction on/off
default: on
Write: 02000000h to switch
color correction OFF
Write: 00000000h to switch
color correction ON
Reset [7] Reset to defaults
--- [8..31] |Reserved
0xF10003A4 | COLOR_CORR_COEFFIC11 = Crr [0..31] |A number of 1000 equals a
0xF10003A8 |COLOR_CORR_COEFFIC12 = Cgr [0..31] C?l;” correction coefficient
0xF10003AC |COLOR_CORR_COEFFIC13 = Chr [0..31] CC) l ' ' l
olor correction values
0xF10003B0 | COLOR_CORR_COEFFIC21 = Crg [0..31] range -1000..+2000 and are
0xF10003B4 | COLOR_CORR_COEFFIC22 = Cgg [0..31] |signed 32 bit.
0xF10003BC |COLOR_CORR_COEFFIC31 = Crb [0..31] |towork properly ensure that
0xF10003C0 | COLOR_CORR_COEFFIC32 = Cgb [0.31] |the row sum equals to 1000.
[0..31] The maximum row sum is
0xF10003A4 Reserved for
testing purposes
0xF10003FC Don’t touch!

Table 133: Advanced register: Color correction

For an explanation of the color correction matrix and for further information
read Chapter Color correction on page 148.
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Trigger delay

Register Name i Description
0xF1000400 | TRIGGER_DELAY Presence_Ingq [0] Indicates presence of this
feature (read only)
--- [1..5] Reserved
ON_OFF [6] Trigger delay on/off
--- [7..10] Reserved
DelayTime [11..31] Delay time in ps
Table 134: Advanced register: Trigger delay
The advanced register allows start of the integration to be delayed via
DelayTime by max. 22! ys, which is max. 2.1 s after a trigger edge was
detected.
Note Trigger delay works with external trigger modes only.
Mirror image
The table below illustrates the advanced register for Mirror image.
Register Name Field Bit Description
0xF1000410 | MIRROR_IMAGE Presence_Ing [0] Indicates presence of this
feature (read only)
--- [1..5] Reserved
ON_OFF [6] Mirror image on/off
1: on
0: off
Default: off
--- [7..31] Reserved

Table 135: Advanced register: Mirror
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Soft reset
Register Name i Description
0xF1000510 | SOFT_RESET Presence_Ing [0] Indicates presence of this
feature (read only)
--- [1..5] Reserved
Reset [6] Initiate reset
--- [7..19] Reserved
Delay [20..31] Delay reset in 10 ms steps

Table 136: Advanced register: Soft reset

The soft reset feature is similar to the INITIALIZE register, with the follow-
ing differences:

e 1 or more bus resets will occur
e The FPGA will be rebooted

The reset can be delayed by setting the Delay to a value unequal to 0.
The delay is defined in 10 ms steps.

Note When SOFT_RESET has been defined, the camera will respond
to further read or write requests but will not process them.
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High SNR mode (High Signal Noise Ratio)

With High SNR mode enabled the camera internally grabs GrabCount images
and outputs a single averaged image.

Register Name Field Bit Description
0xF1000520 |HIGH_SNR Presence_Inqg |[[0] Indicates presence of this feature
(read only)
[1..5] Reserved
ON_OFF (6] High SNR mode on/off
[7..22] Reserved
GrabCount [23..31] Number of images (min. 2)
2" images with n=1..8 (automati-
cally)

Table 137: Advanced register: High Signal Noise Ratio (HSNR)

Note The camera must be idle to toggle this feature on/off.

®
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Maximum ISO packet size

Use this feature to increase the MaxBytePerPacket value of Format_7 modes.
This overrides the maximum allowed isochronous packet size specified by

IIDC v1.31.
Register i Description
0xF1000560 |ISOSIZE_S400 Presence_Inqg |[0] Indicates presence of this feature
(read only)
[1..5] Reserved
ON_OFF [6] Enable/Disable S400 settings
Set2Max [7] Set to maximum supported packet
size
[8..15] Reserved
MaxIsoSize [16..31] Maximum ISO packet size for S400
0xF1000564 | ISOSIZE_S800 Presence_Ing |[0] Indicates presence of this feature
(read only)
[1..5] Reserved
ON_OFF [6] Enable/Disable S800 settings
Set2Max [7] Set to maximum supported packet
size
[8..15] Reserved
MaxIsoSize [16..31] Maximum ISO packet size for S800

Table 138: Advanced register: Maximum ISO packet size

Example Forisochronous packets at a speed of S800 the maximum allowed packet size
(IIDC V1.31) is 8192 byte. This feature allows you to extend the size of an
isochronous packet up to 11.000 byte at S800. Thus the isochronous band-
width is increased from 64 MByte/s to approximately 84 MByte/s. You need
either PCI Express or PCI-X (64 bit).

The Maximum ISO packet size feature ...

e ... reduces the asynchronous bandwidth available for controlling cam-
eras by approximately 75%
e ... may lead to slower responses on commands
e ...is not covered by the IEEE1394 specification
e ... may not work with all available 1394 host adapters.
Note We strongly recommend to use PCI-X (64 bit) or PCI Express
adapter.

®
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Restrictions

Note the restrictions in the following table. When using software with an
Isochronous Resource Manager (IRM): deactivate it.

Software Restrictions

(Active FirePackage,
Direct FirePackage, ...)

FireGrab Deactivate Isochronous Resource Manager:
SetParameter (FGP_USEIRMFORBW, 0)

FireStack/FireClass No restrictions

SDKs using Microsoft driver n/a

Linux: libdc1394_1.x

No restrictions

Linux: libdc1394_2.x

Deactivate Isochronous Resource Manager:
Set DC1394_CAPTURE_FLAGS_BANDWIDTH_ALLOC flag to 0

Third Party Software

Deactivate Isochronous Resource Manager

Table 139: Restrictions for feature: Maximum ISO packet size

Operation

The maximum allowed isochronous packet size can be set separately for the
IS0 speeds S400 and S800. Check the associated Presence_Inq flag to see
for which ISO speed this feature is available.

Setting the Set2Max flag to 1 sets the MaxIsoSize field to the maximum sup-
ported isochronous packet size. Use this flag to query the maximum sup-
ported size (may depend on the camera model).

Enable this feature by setting the ON_OFF flag to 1 and the MaxIsoSize field

to a value greater than the default packet size.

The camera ensures:

e that the value of the MaxIsoSize field is a multiple of 4.

e that the value isn’t lower than the value specified by the IEEE1394
specification.

The settings are stored in the user sets.

Note Enabling this feature will not change the MaxBytePerPacket

~ value automatically. The camera may not use the new
isochronous packet size for the MaxBytePerPacket value
until a write access to the desired Format_7 mode has been
issued.
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Quick parameter change timing modes

You can choose between the following update timing modes:

e Standard Parameter Update Timing (slightly modified from previous
Stingray cameras)

e Quick Format Change Mode

Note For a detailed description see Chapter Quick parameter

change timing modes on page 133.

Register Name i Description

0xF1000570 | PARAMUPD_TIMING |Presence_Ing |[0] Indicates presence of this feature
(read only)

--- [1..5] Reserved
UpdActive [6] Update active

see Chapter Encapsulated Update
(begin/end) on page 135

0: (default); reset to 0 means
Encapsulated Update end

1: set to 1 means
Encapsulated Update begin
--- [7..23] |Reserved

UpdTiming [24..31] |Update timing mode

If set to O:

Standard Parameter Update Timing
is active

If set to 2:
Quick Format Change Mode is active

Table 140: Advanced register: Update timing modes

Standard Parameter Update Timing

The camera behaves like older firmware versions without this feature. The
UpdActive flag has no meaning.

Quick Format Change Mode

This mode behaves like Standard Parameter Update Timing mode with the
following exception:

An already started image transport to the host will not be interrupted, but
an already started integration will be interrupted.
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To switch on Quick Format Change Mode do the following:
1. Set UpdTiming to 2.
2. Set UpdActive to 1.

3. Be aware that all parameter values have to be set within 10 seconds.

Automatic reset of the UpdActive flag

With Quick Format Change Mode you normally have to clear the UpdActive
flag after all desired parameters have been set. Every time the
PARAMUPD_TIMING register is written to with the UpdActive flag set to 1
a 10 second time-out is started / restarted. If the time-out passes before you
clear the UpdActive flag, the UpdActive flag is cleared automatically and all
parameter changes since setting the UpdActive flag to 1 become active auto-
matically.
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Parameter-List Update

The parameter list is an array of address/data pairs which can be sent to the
camera in a single bus cycle.

Register Name Field Bit Description
0xF1100000 |PARAMLIST_INFO Presence_Ing |[0] Indicates presence of this feature
(read only)
--- [1..15] |Reserved
BufferSize [16..31] |Size of parameter list buffer in
bytes
0x1101000 PARAMLIST_BUFFER
0x1101nnn

Table 141: Advanced register: Parameter-List Update: parameter list

Dependant on the parameter update mode the address/data pairs may
become active one by one or after the processing of the complete parameter
list. A parameter list may look like follows (the description is for your con-
venience):

Address offset Data quadlet Description
0xFOF00608 0xE0000000 Set video format 7
0xFOF00604 0x00000000 Set video mode 0
0xFOF08008 0x00000000 Set image position
0xFOF0800C 0x028001E0 Set image size
0xFOF08044 0x04840484 Set BytePerPacket value
0xFOF0080C 0x80000100 Set shutter to 0x100
0xFOF00820 0x80000080 Set gain to 0x80

Table 142: Example: parameter list
Note e The PARAMLIST_BUFFER shares the memory with the

®

GPDATA_BUFFER. Therefore it is not possible to use
both features at the same time.

e Not all CSRs or features of a particular camera model
can be used with the parameter list feature.
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Format_7 mode mapping

With Format_7 mode mapping it is possible to map special binning and sub-
sampling modes to F7M1..F7M7 (see Figure 83: Mapping of possible Format_7
modes to F7M1...F7M7 on page 132).

Register Name Field Bit Description
0xF1000580 |F7MODE_MAPPING |Presence_Ing [0] Indicates presence of this feature
(read only)
[1..31] |Reserved
0xF1000584 |F7MODE_MAP_INQ |F7MODE_00_INQ |[O] Format_7 Mode_0 presence
F7ZMODE_01_INQ ([1] Format_7 Mode_1 presence
F7MODE_31_INQ [[31] Format_7 Mode_31 presence
0xF1000588 | Reserved --- ---
0xF100058C |Reserved --- ---
0xF1000590 |F7MODE_O Format_ID [0..31] |Format ID (read only)
0xF1000594 |F7MODE_1 Format_ID [0..31] |Format ID for Format_7 Mode_1
0xF1000598 | F7MODE_2 Format_ID [0..31] |Format ID for Format_7 Mode_2
0xF100059C |F7MODE_3 Format_ID [0..31] |Format ID for Format_7 Mode_3
0xF10005A0 |F7MODE_4 Format_ID [0..31] |Format ID for Format_7 Mode_4
0xF10005A4 | F7MODE_5 Format_ID [0..31] |Format ID for Format_7 Mode_5
0xF10005A8 |F7MODE_6 Format_ID [0..31] |Format ID for Format_7 Mode_6
0xF10005AC | F7MODE_7 Format_ID [0..31] |Format ID for Format_7 Mode_7

Table 143: Advanced register: Format_7 mode mapping

Additional Format_7

modes

Firmware 3.x adds additional Format_7 modes. Now you can add some special
Format_7 modes which aren’t covered by the IIDC standard. These special
modes implement binning and sub-sampling.

To stay as close as possible to the IIDC standard the Format_7 modes can be
mapped into the register space of the standard Format_7 modes.

There are visible Format_7 modes and internal Format_7 modes:

e At any time only 8 Format_7 modes can be accessed by a host computer.
e \isible Format_7 modes are numbered from 0 to 7.

e Internal Format_7 modes are numbered from 0 to 27.

Format_7 Mode_0 represents the mode with the maximum resolution of
the camera: this visible mode cannot be mapped to any other internal mode.

The remaining visible Format_7 Mode_1 ... Mode_7 can be mapped to any
internal Format_7 mode.
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Example

To map the internal Format_7 Mode_19 to the visible Format_7 Mode_1,
write the decimal number 19 to the above listed F7MODE_1 register.

Note For available Format_7 modes see Figure 83: Mapping of pos-
sible Format_7 modes to F7M1...F7M7 on page 132.

@ Setting the F7MODE_x register to:
e -1 forces the camera to use the factory defined mode

e -2 disables the respective Format_7 mode (no mapping
is applied)

After setup of personal Format_7 mode mappings you have to

reset the camera. The mapping is performed during the cam-

era startup only.
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Secure image signature (SIS)

Definition  Secure image signature (SIS) is the synonym for data, which is inserted into
an image to improve or check image integrity.

All Stingray models can insert

* Time stamp (1394 bus cycle time at the beginning of integration)
* Frame counter (frames read out of the sensor)

* Trigger counter (external trigger seen only)

® \Various camera settings

into a selectable line position within the image. Frame counter and trigger
counter are available as advanced registers to be read out directly.

Advanced register: SIS

The SIS feature is controlled by the following advanced feature register:

Note This register is different to the Marlin time stamp (600) reg-

ister!

Register Name i Description

0xF1000630 | SIS Presence_Ing [0] Indicates presence of this feature
(read only)

--- [1..5] Reserved

ON_OFF [6] SIS mode on/off

--- [7.. 15] |Reserved

LineNo [16..31] [SIS data position inside an image
0xF1000634 UserValue [0..31] |User provided value for sequence

mode to be placed into the SIS
area of an image

Table 144: Advanced register: secure image signature (SIS)

Enabling this feature, SIS data will be inserted into any captured image. The
size of SIS data depends on the selected SIS format.

The LineNo field indicates at which line the SIS data will be inserted.
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Enter a

® positive value from 0...HeightOfImage to specify a position relative to
the top of the image. LinePos=0 specifies the very first image line.

* negative value from -1...-HeightOfImage to specify a position relative
to the bottom of the image. LinePos=-1 specifies the very last image
line.

SIS UserValue can be written into the camera’s image. In sequence mode for
every sequence entry an own SIS UserValue can be written.

Note SIS outside the visible image area:
For certain Format_7 modes the image frame transported may
@ contain padding (filling) data at the end of the transported
frame. Setting LinePos=HeightOfImage places the stamp in

this padding data area, outside the visible area (invisible
SIS).

If the transported image frame does not contain any padding
data the camera will not relocate the SIS to the visible area
automatically (no SIS).

Take in mind that the accuracy of the time stamp might be
affected by asynchronous traffic - mainly if image settings
are changed.

Note The IEEE 1394 cycle counter (aka time stamp) will be

inserted into the very first 4 bytes/pixels of a line.

®

Cycle offset Cycles Seconds

Cycle offset 12 bit Cycle count 13 bit Second count 7 bit

0 .. 3071 cycle offsets (40.69 ns) |0 .. 7999 cycles 0 .. 127 seconds

24.576 MHz cycle timer counter |8000 Hz cycle timer counter 1 Hz cycle timer counter

Table 145: 32-bit cycle timer layout
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Bit | 0 | 1 | 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 | 7 | 8 ‘ 9 ‘ 10 ‘ 11 | 12 | 13 | 14 ‘ 15 ‘
Cycle offset 12 bit Cycle count ...

Bit ‘ 16 | 17 | 18 ‘ 19 ‘ 20 ‘ 21 ‘ 22 | 23 | 24 | 25 ‘ 26 ‘ 27 ‘ 28 | 29 | 30 ‘ 31
... Cycle count 13 bit Second count 7 bit

Table 146: Cycle timer layout

Advanced register: frame counter

Note Different to Marlin SIS:
@ Register 610 is only to be used to reset the frame counter.

The frame counter feature is controlled by the following advanced feature
register:

Register Name i Description
0xF1000610 | FRMCNT_STAMP Presence_Ingq [0] Indicates presence of this feature
(read only)
Reset [1] Reset frame counter
--- [2..31] [Reserved
0xF1000614 | FRMCNT [0..31] |Frame counter

Table 147: Advanced register: Frame counter

Having this feature enabled, the current frame counter value (images read
out of the sensor, equivalent to # FrameValid) will be inserted as a 32-bit
integer value into any captured image.

Setting the Reset flag to 1 resets the frame counter to 0: the Reset flag is
self-cleared.

Note The 4 bytes of the frame counter value will be inserted as

the 5th to 8th byte of a line.

Additionally there is a register for direct read out of the frame counter value.
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Advanced register: trigger counter

The trigger counter feature is controlled by the following advanced feature
register:

Register Name Field Bit Description
0xF1000620 | TRIGGER_COUNTER Presence_Inq [0] Indicates presence of this feature
(read only)
Reset [1] Reset trigger counter
--- [2..31] |Reserved
0xF1000624 | TRGCNT TriggerCounter [0..31] |Trigger counter

Table 148: Advanced register: Trigger counter

Having this feature enabled, the current trigger counter value (external trig-
ger seen by hardware) will be inserted as a 32-bit integer value into any cap-
tured image.

Setting the Reset flag to 1 resets the trigger counter to 0: the Reset flag is
self-cleared.

The ON_OFF and LinePos fields are simply mirrors of the time stamp feature.
Settings of these fields are applied to all image stamp features.

Note The 4 bytes of the trigger counter value will be inserted as

the 9th to 12th byte of a line.

Additionally there is a register for direct read out of the trigger counter
value.
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Where to find time stamp, frame counter and trigger counter
in the image

Time stamp (Cycle counter) Trigger counter
K_J% f_J%
i
T2 3 a5 [ [7 e o o[l . [T 1T [ [ ] ‘g:?ﬁ:;tg;ne
%K_J

Frame counter
Bytes
Figure 111: SIS in the image: time stamp, frame counter, trigger counter

Where to find all SIS values in the image

In the following table you find the position of all SIS values (byte for byte)
including the endianness of SIS values.

CycleCounter [7..0] CycleCounter [15..8] CycleCounter [23..16] |CycleCounter [31..24]

Table 149: ALL SIS values (increasing order of transmitted pixels)
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User profiles

Definition  Within the IIDC specification user profiles are called memory channels.
Often they are called user sets. In fact these are different expressions for
the following: storing camera settings into a non-volatile memory inside the
camera.

User profiles can be programmed with the following advanced feature regis-
ter:
Offset Name Field Bit Description
0xF1000550 | USER_PROFILE Presence_Inqg |[0] Indicates presence of this feature
(read only)
Error [1] An error occurred
[2..6] Reserved
Busy [7] Save/Load in progress
Save [8] Save settings to profile
Load [9] Load settings from profile
SetDefaultID |[10] Set Profile ID as default
[11..19] Reserved
ErrorCode [20..23] Error code
See Table 151: User profiles: Error
codes on page 293.
[24..27] Reserved
ProfileID [28..31] ProfileID (memory channel)

Table 150: Advanced register: User profiles

In general this advanced register is a wrapper around the standard memory
channel registers with some extensions. In order to query the number of
available user profiles please check the Memory_Channel field of the
BASIC_FUNC_INQ register at offset 0x400 (see IIDC V1.31 for details).

The ProfilelD is equivalent to the memory channel number and specifies the
profile number to store settings to or to restore settings from. In any case
profile #0 is the hard-coded factory profile and cannot be overwritten.

After an initialization command, startup or reset of the camera, the ProfileID
also indicates which profile was loaded on startup, reset or initialization.
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Store

Restore

Set default

Note e The default profile is the profile that is loaded on
power-up or an INITIALIZE command.

@ ® A save or load operation delays the response of the
camera until the operation is completed. At a time only

one operation can be performed.

To store the current camera settings into a profile:

1. Write the desired ProfileID with the SaveProfile flag set.

2. Read back the register and check the ErrorCode field.

To restore the settings from a previous stored profile:

1. Write the desired ProfileID with the RestoreProfile flag set.

2. Read back the register and check the ErrorCode field.

To set the default profile to be loaded on startup, reset or initialization:
1. Write the desired ProfileID with the SetDefaultID flag set.

2. Read back the register and check the ErrorCode field.

Error codes

ErrorCode # Description

0x00 No error

0x01 Profile data corrupted

0x02 Camera not idle during restore operation
0x03 Feature not available (feature not present)
0x04 Profile does not exist

0x05 ProfileID out of range

0x06 Restoring the default profile failed

0x07 Loading LUT data failed

0x08 Storing LUT data failed

Table 151: User profiles: Error codes
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Reset of error codes

/1

The ErrorCode field is set to zero on the next write access.

You may also reset the ErrorCode

e by writing to the USER_PROFILE register with the SaveProfile,
RestoreProfile and SetDefaultID flag not set.

e by writing 00000000h to the USER_PROFILE register.

Stored settings

The following table shows the settings stored inside a profile:

Standard registers

Cur_V_Frm_Rate

Cur_V_Mode

Cur_V_Format

ISO_Channel

ISO_Speed

BRIGHTNESS

AUTO_EXPOSURE (Target grey level)
SHARPNESS

WHITE_BALANCE (+ auto on/off)
HUE (+ hue on)

SATURATION (+ saturation on)
GAMMA (+ gamma on)

SHUTTER (+ auto on/off)

GAIN

TRIGGER_MODE
TRIGGER_POLARITY
TRIGGER_DELAY

ABS_GAIN

Standard registers
(Format_7)

IMAGE_POSITION (AOI)
IMAGE_SIZE (AOI)
COLOR_CODING_ID
BYTES_PER_PACKET

Advanced registers

TIMEBASE

EXTD_SHUTTER

I0_INP_CTRL

I0_OUTP_CTRL

TIO_INTENA_DELAY
AUTOSHUTTER_CTRL

AUTOSHUTTER_LO

AUTOSHUTTER_HI

AUTOGAIN_CTRL

AUTOFNC_AOI (+ on/off)

COLOR_CORR (on/off + color correction
coefficients)

TRIGGER_DELAY

MIRROR_IMAGE

HIGH_SNR

LUT_CTRL (LutNo; ON_OFF is not saved)
SHDG_CTRL (on/off + ShowImage)
DEFERRED_TRANS (HoldImg +
NumOfImages)

Table 152: User profile: stored settings

The user can specify which user profile will be loaded upon startup of the

camera.

This frees the user software from having to restore camera settings, that dif-
fer from default, after every startup. This can be especially helpful if third
party software is used which may not give easy access to certain advanced
features or may not provide efficient commands for quick writing of data
blocks into the camera.

STINGRAY Technical Manual vV2.2.0
294




Configuration of the camera

Note

®

/1

A profile save operation automatically disables captur-
ing of images.

A profile save or restore operation is an uninterruptable
(atomic) operation. The write response (of the asyn-
chronous write cycle) will be sent after completion of
the operation.

Restoring a profile will not overwrite other settings
than listed above.

If a restore operation fails or the specified profile does
not exist, all registers will be overwritten with the
hard-coded factory defaults (profile #0).

Data written to this register will not be reflected in the
standard memory channel registers.

Pulse-width modulation (PWM): Stingray
housing and board level cameras

Note

®

See Table 29: PWM configuration registers on page 89.
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GPDATA_BUFFER

GPDATA_BUFFER is a general purpose register that regulates the exchange of
data between camera and host for:

e writing look-up tables (LUTs) into the camera
e uploading/downloading of the shading image

GPDATA_INFO  Buffer size query

GPDATA_BUFFER indicates the actual storage range

Register Name i Description
0xF1000FFC | GPDATA_INFO --- [0..15] Reserved
BufferSize [16..31] Size of GPDATA_BUFFER
(byte)
0xF1001000

GPDATA_BUFFER

0xF10017FC

Table 153: Advanced register: GPData buffer

Note e Read the BufferSize before using.
e GPDATA_BUFFER can be used by only one function at a

@ time.

Little endian vs. big endian byte order

e Read/WriteBlock accesses to GPDATA_BUFFER are recommended, to read
or write more than 4 byte data. This increases the transfer speed com-
pared to accessing every single quadlet.

® The big endian byte order of the 1394 bus is unlike the little endian
byte order of common operating systems (Intel PC). Each quadlet of the
local buffer, containing the LUT data or shading image for instance, has
to be swapped bytewise from little endian byte order to big endian byte
order before writing on the bus.

Bit depth little endian= big endian Description
8 bit [0L11l213 = L3L2L1LO L: low byte
16 bit LO HO L1 H1 = H1 L1 HO LO H: high byte

Table 154: Swapped first quadlet at address offset 0
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Firmware update
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Firmware updates can be carried out via FireWire cable without opening the

camera.

Note For further information:

®

Read the application note:
How to update Guppy/Pike/Stingray firmware
at AVT website or

Contact your local dealer.

Extended version number (FPGA/uC)

The new extended version number for microcontroller and FPGA firmware has
the following format (4 parts separated by periods; each part consists of two

digits):

Special.Major.Minor.Bugfix

or

XX XX XX XX

Digit Description

1st part: Special

Omitted if zero

Indicates customer specific versions
(OEM variants). Each customer has its
own number.

2nd part: Major

Indicates big changes

0ld: represented the number before
the dot

3rd part: Minor

Indicates small changes

0ld: represented the number after
the dot

4th part: Bugfix

Indicates bugfixing only (no changes
of a feature) or build number

Table 155: New version number (microcontroller and FPGA)
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Sensor position accuracy of AVT cameras

camera body

pixel area

nininininis] -

camera body

pixel area

Sensor case

{

sensor case

Method of Positioning:
Reference points:

Accuracy:

Method of Positioning:
Reference points:

Accuracy:

AVT Guppy Series

Automated mechanical alignment of sensor into camera front module.
(lens mount front flange)

Sensor: Center of pixel area (photo sensitive cells).
Camera: Center of camera front flange (outer case edges).

X/y: +/- 0.25mm (Sensor shift)

z +50 / -100um  (for SN > 84254727, optical back focal length)
+0 / -100pum (for SN > 252138124, optical back focal length)
o +/-1° (Sensor rotation)

AVT Marlin, Oscar, Dolphin, Pike, Stingray

Optical alignment of photo sensitive sensor area into camera front module.
(lens mount front flange)

Sensor: Center of pixel area (photo sensitive cells).
Camera: Center of camera front flange (outer case edges).

X/y: +/- 0.1mm (Sensor shift)
z: +0 / -50pm (Optical back focal length)
o +/-0.5° (Sensor rotation)

Note: x/y - tolerances between c-Mount hole and pixel area may be higher.

Figure 112: AVT sensor position accuracy
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0xF1000010 (version info) .......cceuueereennnn. 255
0xF1000040 (advanced feature inquiry)...... 257
0xF1000100 (camera status)......ccceeeeeeennen. 259
0xF1000200 (max. resolution) .................. 260
0xF1000208 (time base) ....ceeeeuerevnerevnennnne 260
0xF100020C (extended shutter).......... 165, 262
0xF1000210 (test image) «uoeeeveereennreennnnnnns 263
0xF1000220 (sequence mode) .......ceeeeuunenne 174
0XF1000240 (LUT) w.evvreverenrieeneeeeeeeeneneanas 264
0xF1000250 (shading) ...eeeeevveereeenneneennnnnn. 267
0xF1000260 (deferred image transport)...... 270
0xF1000270 (frame info)....cceevuuereenerennnnenne 271
0xF1000274 (frame counter)......ccceeeeeeennen. 271
0xF1000300 (input control)......cceueerrevnnnnnee 80
0xF1000340 (Delayed IntEna)................... 272
0xF1000360 (auto shutter control) ............ 273
0xF1000370 (auto gain control)................. 274
0xF1000390 (autofunction AQI)................ 275
0xF10003A0 (color correction)..........cce.... 276
0xF1000400 (trigger delay) «e.eeereeennnneennnen. 277
0xF1000410 (Mirror image) «......cceeeeeeeennn. 277
0xF1000510 (soft reset)....cceueereeenneneeennnnn. 278
0xF1000520 (High SNR) ...eevvevveeieniineceenees 279
0xF1000550 (user profiles/memory channels/
USEF SEES) ternreernerennerernerernereenerennerennneens 292
0xF1000560 (Max. ISO size S400).............. 280
0xF1000564 (Max. ISO size S800).............. 280
0xF1000570 (update timing modes)........... 282
0xF1000610 (frame counter)......ccceeeeeneneen. 289
0xF1000620 (trigger counter) ....cc.ceeeueeeen.. 290
0XF1000630 (SIS) wuveveeverereererrerereeerenenas 287
0xF1000FFC (GPData buffer)......cccceeeeeenneen. 296
0xF1100000 (Parameter-List Update) ......... 284
1394a data transmission .........cceevveueeeereeees 22
1394b

bandwidths .........cceeiiiiiiiiiiiiiiiiiiiinnnn. 28

requirements AptopP..cceeeeeerereereenneennnes 30
1394b data transmission ......ccceeeeevunenrennnee. 22
2 out of 4 H+V sub-sampling (b/w)

Arawing ceeeveeeeeeeeeeeee e, 128
2 out of 4 H+V sub-sampling (color)

Arawing cueeeeeeeeeeereniereenieeenerenneeeennns 130

2 out of 8 H+V sub-sampling (b/w)

/1

Arawing ceeeeeeeeeeereie e, 129
2 out of 8 H+V sub-sampling (color)

Arawing coeeeeeeeeeieieeiee e 130
2 x full binning

Arawing ceeeeeeeeeeeeneeeeerenereree e eennns 123
2 x horizontal binning

Arawing ceeeeeeeeeeeveieeeeie e, 122
2 x vertical binning

Arawing coeeeeeeeiiieieeiie e 120
32-bit cycle timer layout.....cccvvevevunnrennnnens 288
4 x full binning

Arawing ceveeeeeeereeveeeneienerernee e eennns 124
4 x horizontal binning

Arawing coeeeeeeeeiieieeie e eenees 122
4 x vertical binning

Arawing ceeeeeeeeeeeenneeeenereniererneerennerennes 120
8 x full binning

Arawing ceveeeeeeereeueeeeerener e e eennns 124
8 x horizontal binning

Arawing coeeeeeeeeiieieeiie e e 123
8 x vertical binning

Arawing ceeeeeeeeeeeeeneeeenerernererneeeenneeennes 121
A
Abs_Control (Field) 97, 102, 104, 105, 107, 251
Abs_Control_Inqg (Field) ....ceuuerreenncrreennnnnne 82
access

binning and sub-sampling .................. 131
AccessLutNo (Field)...ccoereeuerennereenenennnnnnns 264
Access_Control_Register ....ccccveeeureennennnnns 240
accuracy

SENSOr POSTLION cevvvnierireriererieeenieennn, 298
AddrOffset (Field) .oeevvueerreennnreinnnnnnns 264, 267
Advanced feature inquiry .....cceeeevneeennnnnne. 257

Advanced feature inquiry (advanced register)...
257

Advanced features.....cceeeeeueeennerennrennnnnnns 252
ACHIVALE tevvreeie e, 255
base address.....ccceueeeviieieiieieiieneninne, 240
TNQUITY . eeneeeneeereeeerieereeenereneeeneerneeens 238

advanced register
Advanced feature inquUiry....ccceceeueneeeee. 257
Auto gain control....ccceeeeeevevnrennnnnnn. 274
Auto shutter control.....cccevevvevevnnnnnnne. 273
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Autofunction AOI ....cevvvveeiriiinnnnennnnn. 275
Camera status ..c.coeevenerieniiiinineinienenene 259
Color correction ....eeeeeeeeeenneeeerennnnnnnnes 276
Deferred image transport.......cccceuveennes 270
Delayed Integration Enable (IntEna) ....272
Extended shutter.....ccccceevevnenneeee. 165, 262
Extended version.....ccceeeeeeeinecirecnnnnnnns 255
Format_7 mode mapping ......ccoeevevunnenne 285
frame counter....cceeeereeeeereeineneennnnn. 289
Frame information....cc.ccceuevevunerennenene. 271
GPData buffer ..cceueveeneriieeniiiereinenann. 296
High SNR c.eeiiiiiiiiiiiccrccccceeee 279
Input control....cueveeeeieenieiineienenennnnes 80
LUT ettt e 264
Max. ISO packet ...cceeveieniinereneinnnennnes 280
Max. resolution .....ceeeeeeeenereenrennenennn. 260
MITTOT weeieeeeene et ere e eraeeeeens 277
Mirror iMage cuueeeeeeeeeenerernerernereeeneeennns 277
Output control.cuueeeeeeeievneiennereriieeennnnes 86
Parameter-List Update.....cccccevvevevnnnenn. 284
secure image signature (SIS)............... 287
Sequence MOde ....cevueeenreenrevnrennnennnnnn. 174
Shading cueeeeeiieiiiiiii e, 267
SOft reset . ceveuueieiiieiiiiiieieeceeeeea, 278
Test IMAGES vuuevreririeieiererieeerieeeaaenas 263
Time base...c.ueeeeeeueerriiieieeeeieeeeeenae. 260
Trigger COUNer covuvereienreereerereeneenn. 290
Trigger delay coeeeveeeeeeiieeineeinenieennnnnn. 277
Update timing modes.....ccccevvenrennennnes 282
User profiles .uueeeveeereeeriiirenereneieneeennes 292
algorithm
correction data ......ceeeeeeeinniereiinnnneene. 111
AOL..eeiiieeeeeiee e 112, 200
correction data ....ceeveeeeieniiiineriinenenens. 112
area of interest (AOI) ....ccuevevunnrennnnnes 112, 202
asynchronous broadcast........ccceeeevurennnnenn. 170
auto exposure
LMILS ceveeeee e 273
target grey level....cooeevueeevenennnnns 106, 273
Auto Exposure (CSR register) ....ccceeevunnenenn. 105
AUEO QTN tuuiieieriiiereeiererneeeeeeenaes 103, 273
Auto gain control (advanced register)........ 274
auto shutter.....cceeeeeeueeereeinnnees 100, 101, 273
Auto shutter control (advanced register) ....273
AUTOFNC_AOT...euiiriireeinieeerenieees 100, 275
AUTOFNC_AOI positioning ....cceeeveeevneennnnnn. 100
Autofunction AOI (advanced register) ........ 275
AUTOGAIN_CTRL...iiviniieeiiniereiinieneeciiies 274

automatic generation

correction data ....cceevevueiineiinnenennnnnnn. 111
automatic white balance.......ccoeeevvniinnnnnnn. 100
AUTOSHUTTER_CTRL eeeveeeerrniereennieeeennns 273
AUTOSHUTTER _HI ..eevvieeieiieeeeeiieeeeennen, 273
AUTOSHUTTER_LO weueevviieeeenneeeeenieeeeenes 273
AUTO_EXPOSURE ......itvureiirrinerenneennannens 105
AULO_INGaieiieiiiiiiriiriiriiriiccc e 82
AVT Firetool program......cceeeeeveerevnnennnnnnns 179
AVT sensor position accuracy ......cceeeeveeennens 298

A_M_MODE (Field).. 97, 102, 104, 105, 107, 251

B
bandwidth co.ceeiiiiiiiie 184
affect frame rate .oouvveevienviviiiniinnninnnns 214
available e..cvreeeeeiniiiiiiriie 204
deferred image transport.........ccu....e... 140
FastCapture .ooeeevvevenerenneerenneenennnens. 143
frame ratesS....ceeveueiiiieiiiiieeee e, 203
RGB8 format...ccccueeiueiiniiiieenennnennnnnn. 150
save in RAW-mode....cccceuvevneiiniennennnns 144
BAYER demosaicing......cceeeeevnereennnnnns 144, 148
BAYER MOSAIC..euuiruirneinneennneenreennennnennnenes 144
BAYER to RGB
color interpretation ......ccoeevvneiennnnnnne. 144
DINNING ceeiiiei e 119
ACCESS werninrnrnrnrnarenrnrarneeassnsasaseasncnss 131
FULLe e 123
horizontal ....oeevueeiiiieiiiieiiree s 122
only Stingray b/W...cveveveiiiiiiiinnnnnnnn. 119
(V] T or- | 120
BitsPerValue....cooieuiiuiiiiiiiiiiinieecie e, 264
black evel cuueiuieeiieiiiiiieecce e 106
black value .....cceevvuirriiiiiiiiiiiiiiiiiiineee, 106
black/white camera
block diagram .....ceevevneriiieiiiiiniinnnnnnne. 95
block diagram
b/W CamMera ..ccevuiieiiiiriiieiieeeeee e, 95
COLOT CAMEera . iiieueieiiiiiieiiiieeeeriaeeeeee 96
block diagrams
CAMETAS tuuinrnninrenrnrenrarenrneenreessensanensns 95
BOSS . it 22
BRIGHTNESS...coueeirieiieeeeiieeeeeiies 107, 245
Brightness
INQUIrY register .ouueivuereenereenerennnnennn. 239
brightness
auto shutter oevevveiiiieiiiie e, 101
AVEIAGC e enreeenrenenrrernarraaenraeensnsnsennes 103
o Tl <T: [ 273
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effectS cuveeriiiieee e 173
TIDC register.cceeieeeeeeeernereneeeneennennnnns 106
TNCIEASE uvernenrennreenreenenerneeennnns 106, 273
[EVEL.ieurier ittt 110, 113
LUT ettt 116
NONLINEAN vuviieeeierie et eereeerereraeeeanns 116
TefereNCe. e eee s 101, 103
SEEEING.iee i 106
sub-sampling c.cueveeeiineiiieiiiiir e, 125
Variation coveeeereenereiie e 272
Brightness Control ......cuuevevnreinneeinerennnnns 239
Brightness (CSR register) ....ccceeerevenennennnee 107
BRIGHTNESS_INQUIRY ...ccevvirnrennrenrennennnes 241
Brightness_ing. .coceeeeeeeeereenereiiieeniieeennnnns 241
buffer
LUT ettt e eeeae e e eeeie e 118
bulk trigger..ciceeereeneriieriiiie e 156, 158
bulk trigger (Trigger_Mode_15)................. 158
bus owner supervisor selector (BOSS).......... 22
busy signal ..ceeeeeeeeeiiieiece e, 84
BUS_Td cenereeneeeeieeee e 218
C
camera dimensionS......eeveeuereenererneneennnnenne. 56
1394b, 1 x GOF, 1 x copper....cceeeeunenneen 57
2 X 1394b COPPEr wevvveeriiieeiieeiierennenes 56
camera interfaces....o.vevevneriiiieiinieiennnennn. 73
CaMEra LENSES . cuuniirieririereieeeeiieeereeenieennnn 36
Camera status (advanced register) ............. 259
cameras
block diagram ......ceeeeuveiniiiiienniennennnnn. 95
CAMERA_STATUS ..ot 259
Camera_Status_Register......cccveerevnrennnnnnns 218
CE ettt et 19
ChANNEL.ceeeeeeeiiiee e 92
color camera
block diagram ......ccevuvevniriininiiiinrennnnes 96
COLOr COAING . eevuerernreiiererererieeeenerenaeeenns 138
color codings cevuevevnererneriiiieiiiie e eriees 138
color correction ....ceeeeeueeereennnnnne 144, 148, 149
AVT €Cameras ....ceeueeenieeieennieeeneennens. 148
formula...coeeeerieieriiiereiee e 148
WHY? e e e eeaees 148
Color correction (advanced register) .......... 276
Color correction (Field) ...cccevueererennnnreennnen. 257
color information......cceueeveeenenreinnnnnnnnnn. 144
Color_Coding.cuueeverereneeeieeerieeeeiieeeeeees 138

COLOR_CODING_INQ ..evvuuerrernnnreennnenennnen. 138
common GND

TNPUES e 75
common vcc

OULPULS . eeeeiiiieiei s 75
consequence

BAYER demosaicing ......ceeeeveeeevnnrennnnns 145
continuous

using Trigger_Mode_15 .....cccevvurrvnnnnnn. 161
controlling

iMage Capture...civeeeueeeneeeneeenennnennnnns 156
correction

COLOT waeeiiieee ettt 144
correction data

algorithm ...eveeeiiiiie e, 111

AOL ...t 112

automatic generation....ccc.coeevveienninnnns 111

rEQUIrEMENTES tevuererneerenerennerenneeennnnnens 111

Shading ceveeeeeeriiiieiiiie e, 109
CSR ettt 218

ShULEET ceveeeeeiiee e, 102
CSR register

AULO EXPOSUIE..ieueeueeerineenenenreneenannns 105

Brightness....cccuueveveerieieieierenienennnnens 107

GAIN Lottt 104

Temperature ..ooveveeeeerennenernerenrenrennenns 251
CyCle COUNLET wuuveeriieereiiieeeeeiee e 288
Cycle timer layout ....eeveerreeereinereinerennnnneee 289
D
daisy chain .oieeeeieiicr e 18
data block packet format ........cceevviinnennnen. 92

description ..ueeeeiee i 92
data exchange buffer

LUT et 118
data packets ....ceeeeeeeeeneieiiiiiree e, 92
data path coeeeeeeiiei 95
data payload Size.....ccevevevnerinnerennnnnnns 28, 214
data_length ..cceeveeneriiiiriiiiiirie e, 92
DCAM ..t 17, 184, 218
declaration of conformity......cccccevurennnnnnne. 19
default sequence mode ......ceeevvevevinennnnnnn. 176
deferred image transport................... 140, 270

Deferred image transport (advanced register)...
270

deferred transport.....cceeveeeereinieieneiennnnnn. 179
Delayed Integration Enable (IntEna) (advanced
TEGISEET) ceeerernneeetiieereeeneeeeenieeeernaeeeenns 272

STINGRAY Technical Manual vV2.2.0
301



Index
DelayTime . cvueeeeeee e e eeaa s 272
Digital Camera Specification (DCAM) .......... 218
digital video information ......c.ccceuevevnnnnnnne. 92
AIGItIZET cevreeie e 117
direct fiber technology ....cccueevvviinieennennnnnn. 18
document history...ccceeevevnereeneneenerennnnennn. 11
DSNU
horizontal mirror function................... 108
E
edge mode (Trigger_Mode_0)............... 84, 156
effective min. exp. time.......ccoeeevverinnnnnnn. 165
EnableMemWR (Field) «eveuervenreineneiinenannnne 264
Encapsulated Update (begin/end) ...... 135, 136
End of eXpoSUre....cceeuerevnereenrerneeennerennnnes 169
ENAIANNESS .eviiiieireiiiieereiiie e eeee e ereaeee 182
error code
user profiles .u.eeveeeeeeieieeieieiie e, 293
error codes
LED ceeeeeeeeieeeeeeieeeeenee e eeraeeeeeeae e eeeees 78
example (parameter List) ...cceeerevinnniennnnn. 284
EXPOFFSel.niirniiieriiie et 261
Exposure time
(Field) ceeereneereeeie e 165
EXPOSUre TiMe..iiueiiueiiieiiie e eeie e eeeenanens 164
81 Ch register .cciveeieiviieeineeineneeennnnn. 166
EXAMPLE tvveririe i eeie et e eeraeeeeanes 165
extended shutter........coeeeuueereiinnnnnnn. 262
FIFO teneeiiieeeeeiie et e et eeeei e 177
formula...eeeeeeeeeeeieee e 164
[ONGESE uevuiiieieii ettt eees 165
long-term integration .....ccceeeeuveennennnns 165
MINTMUM.eetieiiiinr e ereae e eeenes 165
EXPressCard....ccueieeuerernenernieiiieieneeennnenns 31
technology .u.eeeveevevneririieiiie e, 31
EXpressCard/54 ...ceeuueeevneeeiiieiiiieieieeeniee, 31
ExpTime (Field)...eeeeuerreneriieriiereiieeeaneeee 165
EXTD_SHUTTER....cevveiriiiiniriiineereininreeee 262
extended shutter .....c.cceevvvveiiriiiniirinnnnen. 165
FIreDemO.cuueereeeieeeeiieeeeeiie e 262
FIreView ..oouereeeeieee et 262
TNACEIVE ereeiiiiie e 166, 262
(=101 1 (] RPNt 262
trigger mode....coeeevueeieinerieieneiiieeeniees 156
Extended shutter (advanced register)..165, 262
Extended version (advanced register)......... 255
EXTENDED_SHUTTER....ccvvreeeeenneeerrnneeenee 165
External GND ....oveveneeeeiiiieeeeeieee e, 75

/1

external signal (SeqMode) ......ceevvvvuennnnnnen. 176
external trigger coveveeeeueriiiie e, 79
F
Fast Parameter Update Timing .... 136, 137, 138
FastCapture

bandwidth.....ccoevieiiiiiiriiiiriienie, 143

deferred image transport.......c.cceuueennee 270

falsuiiiieei it 143

only Format_7 ..ccueevevneiiieiiiieniiinennnn. 143
FastCapture (Field).....oeeeeeuneereiinirrcinnnnees 270
FCC Class Buueeerueeeeeiiieeeeeiieeeeeiieeeeeene s 19
fiber technology ..cceeveenviniiiiiiiiiiiiiiice, 18
FireDemo

extended shutter......cccoeeevueiriinnnnnnnen. 262
FirePackage

additional checks image integrity ........ 183

OHCI APT software......ceeeeeeuereeennnnnnnnns 17
FireView

extended shutter.....ccceeeveeveveereennnnene. 262
FireWire

connecting capabilities ....c...cceevevnnnene. 23

definition..ceeer e 20

Serial bUS weveereeeeeeeiiee e 21
FireWire 400.....ccuuerienerernreieereenereeneneenenes 23
FireWire 800....cceuureenerernnrerineeenrennenennnnes 24
firmware update ....ccooevveveiviiinennnnnn. 297, 298
focal length .ccoveviiineiiiiiiierer e, 36

Format_7 mode mapping (advanced register) ...
285
Format_7 modes

MAPPING cevreerierteeeireeerereeereeeneeenerennns 132
FORMAT_7_ERROR_1...cerriiririinaereeecnnnnnnnn. 78
FORMAT_7_ERROR_2....riiruiiririniereiinnennens 78
formula

color correction .....ceeeeeeeeenneeeeennnnnnnns 148
FOV ettt eeeaee e 108
FPGA bOOt €rror ...cccvveeveiiiiiiiiiiiiiieiiinees 78
frame counter.....ccceeveeeiireiieiiecinninns 182, 289
frame counter (advanced register).............. 289
frame counter (definition)......cceceuuuennnnen. 287
Frame information (advanced register)....... 271
frame rates covevereieireiiie e, 184

bandwidth......ccuuueiriiiiiiiiiiiiiiiiiennes 203

bus speed....cccuueiiieiiiiiniiiiniiiie e, 184

Format_7 coceevieiiiiiiiiiiiii, 207

MAXTMUM ceeuieeenerernreeaeeeenereeneeeennneees 184

tableS ceeeee e 203

STINGRAY Technical Manual vV2.2.0
302



Index
video mode O...eveveneerriinnnireeennneennnnnn. 206
video mode 2...ceceeueeiriiiniiiiiiiieeennnen. 206
Frame valid c...oeeeeeeereiinienreiiieeeeeee e, 84
FrameCounter ...ceeueeeieerieiniieiereereeeeaees 271
FrEE-TUN ceer e, 170
fUll binNiNg.coeeeeeeeeiiieriiir e, 123
FVAL ceeeieeeeeiee e, 84
Fval signal ceeeeeeeeeenereiineiiiiieneciieeeeeeeen, 84
G
gain
AULO et 103
auto exposure CSR ...vuvieriuiineincieninnennns 103
AUTOFNC_AOT ..eevveieeeiiiereeeeieeeeenneen. 100
MANUAL ceveeiieiiiiireii e 106
manual gain range....cccccceeeeevnnnnnne. 98, 106
TANGES «euinreinienraeenraeenrenerensasensaanses 106
GaTIN CSRuuiieiii ittt eve e 106
GAIN (CSR register) ceceeeeeeeuereenereenneennnnees 104
GAIN (NAME) teveererenrernereeneneeneeeenereennnens 104
GAIN (register) cuueeveeeeeeeeeenneererinnereennnnenees 98
gamma function .....cceveeievieieienieiieiennnenns 116
CCD ModelS..cuuuerrereneereirnieneeeiieeeennnns 112
gamma LUT ceeeeiiiiirirrec e 116
global pipelined shutter.....c.cccceevuivnnennnen. 156
global shutter...ccceeeiiiiiiiiiiiiiirrcee, 156
GND for RS232.ceeeeiiiiiiiiiiiieeiiiceeceiiiee 75
GPData buffer (advanced register) ............. 296
GPDATA_BUFFER ....cvvveereirinenneen 114, 115, 118
GRAB_COUNT ..eteeeeeeeiieeeeeeeeeeeeneeeeeenaenn 111
H
hardware trigger...ccooeeeeuevevnerevieeennnnnns 83, 163
HDR MOdE..ceueriiireiieiiiereeneeeeeeeeeeceeneaee 257
high level (SeqMode)......ccevuereiunrvenerennnnes 176
High Signal Noise Ratio (HSNR) ................ 139
High SNR mode....ccuuvrevneriiiiniiiieiiiecennnnens 139
High SNR (advanced register) ......ccceuuneee... 279
HoldImg
field veveeereeee e, 141
Flag e 141
MOGE . iiiueiieiiieieeiiee et e erenaeeeenes 141
= N 270
HoldImg (Field) .ccvvueerrevinereeineeeeeiiineeeeee 270
horizontal binning ......ceuevvveiiiiiiiiieinins 122
horizontal mirror function ........ccceveuerenneiee 108

horizontal sub-sampling (b/w)

Arawing ceveeeeeereeieeeeerererereeeeneeennns 125
horizontal sub-sampling (color)

Arawing ceeeeeeeeeeereieeeeie e, 126
HSNR Lttt eeeee e 139
AU ettt 147

OffSEt cereiieieeiee et 147
|
1D

color coding ..ceuevevneriininiiieienieneninns 138
TEEE 1394 ceiuniiieiiiiieeiiieeeeiiee e eeeenees 17

declaration of conformity .........ccceeceeeeee 19
TEEE 1394 standards.......cceueeeenereenreenennnnns 20
IEEE 1394 Trade Association........c...cce...... 218
IEEE 1394b connector.......cccvvevreivnnnneennnne. 73
TIDC.eueeeniereereereneenrennrenerenenes 17, 184, 218

data Structure .o...eeeeeeeeieeiieeeeeeneeeeee 94

isochronous data block packet format.... 92

pixel data...cceueeeneieiiiiiriiiniie e 92

trigger delay...coeieeeeieeeineiiieiieenneennnn. 82

video data format........cceeeerriinnirnnnnn. 93

Y16 cereneinereiereerierireeeneenereesesrsrnnens 93

| £ TSRO PP 93

YUV 4:1iT e reeee e 93

YUV 4:2:2. et eveve e 93
TIDC V13T e eieireeeneene e ceneenennns 156
IIDC V1.31 camera control standards .......... 24
image capture

controlling ..oeeveevevneierneniieeiie e, 156
ImageRepeat....coieeieririninniiiiieienrenieeenns 178
IMAGE_POSITION .euvvvinireeinieeeennieeeeenen. 200
IMAGE_SIZE ..ueevieeieiieee e eeeeaen, 200
incrementing list pointer .......cccceuueeieennnen. 173
input

block diagram ....cceuevevneieiieiiiiiniinnnnnnne, 79

STGNALS.eeeeeeeeeeeere e e eeaas 79
Input control (advanced register)............... 80
INPUE MOAE ivveiiiiereiee e cere e ceeeeeeaen 81
InputMode (Field) ...coeevvueireiinniiiiiinnnnennnne. 80
inputs

common GND ....couriiiiiiiiiriieieiereeeneee 75

o[l T | RN 79

N detailie.e e 79

LGOS tuuriiieeeeie et rereeerneeeeeeenaenes 79
input/output pin control......ccceevevuerennnnnens 271
Inquiry register

basic function......ceeeeeueereiinierieennnnes 238
Integration Enable signal........ccccuuveunnneene. 84

STINGRAY Technical Manual vV2.2.0
303



Index
INtEN@..cuiiiiiiieiiirierie e reeeeeaes 75, 88
IntEna signal ceueveveeveeeneiennenenieneennnens 84,272
IntEna_Delay...ccccvuereveeeieieieieieeeeeeie e, 89
INtENA_OUL weveneniiiiniiieicccieeerececeeanes 272
internal trigger..cccve e eeieeeeieeerie e, 156
interpolation
BAYER demosaicing .......cceeeevnnnenn 144, 145
BAYER t0 RGB ..ceevnieiiiieeeiiieeecinieee 144
COLOT veieiieeeeeiee et e e e e e 144
TO_INP_CTRLY cevuereerneneeeeenneeeernnieneennnanens 80
TO_INP_CTRL2 cevrereerrneeeeeenieneerenieneennninens 80
TIO_OUTP_CTRLY ceeetieirineeeeineeeeeniereenaiee 86
IO_OUTP_CTRL2 veeerreieineeeenneeeeinieeeennieeee 86
IO_OUTP_CTRL3 teeeireiiiieeeiineeeenieeeenniee 87
IO_OUTP_CTRLA veuunreereneeeenneeeeenineeennies 87
isochronous blocks......cevuerevenrerenerienerennnnee 92
isochronous channel number .........ccceeeeuenee 92
isochronous data block packet format......... 92
isochronous data packets....c..cccveeievnnrennnnes 92
Isochronous Resource Manager (IRM)......... 281
ISOEN@DLE veveeeeeviieeeeeieeeeeeee e, 179
white balance .....ceeveuerieniriiiiriiiieneennes 99
ISO _EN@DLE wuvnenenieieieeieieiieeeeeeeeeaeaees 170
ISO_Enable mode....cccuuueeriineiriiinnnrennnnn. 170
MULE-ShOT e ieeee e, 170
ONE-ShOt .uuiirieiiie et eere e eeeee, 167
I/0 controlled sequence pointer reset........ 179
I/0 controlled sequence stepping mode...... 178
J
JIEET e 169, 171
at exposure start.....ceeeeevvieiininininnane. 172
L
latching connNectors....cceveuiieeiiieiiieeeneennnens 73
LED
EITOT COUBS vevvnerrneerrnrennererneernerennnnas 78
INdication ceveeeeeeeveeereeiiee e 78
STAtUS covviiiiiiiii 77
Legal NOtiCe vvvviin ittt 2
level mode (Trigger_Mode_1)......cceuuereeneee. 156
look-up table (LUT) .ccevueerrirnnnrennnnnnns 116, 264
user-defined ....cevveveevnieneienieneinnnennn. 116
LUT et e e e e e eeaes 264
data exchange buffer ........ccueeeeennnnn. 118
EXAMPLE ceveiiieiiie e 116
JAMMA tuiniininiiniaiinreerieaeiraeensanensens 116

o[l L1 | OO PUPR 116

loading into camera...cccocevveeevveeennnnnns 118

VOLAtIL teveeeeeiee e 117
LUT (advanced register) .....cceueveeuerevennnnnne. 264
LUENO et 264
LUtNo (Field).ceuueereeeeniiiiiiieeiiiicieciiies 264
LUT_CTRL. e eeeieeeeeieieeeeeieeeeeiie e ecenieeee 264
LUT_INFO weeeiinieeieiiieeeeeiieeeceeie e eeeniieee 264
LUT_MEM_CTRL .euerereeeeeeeineeeeenieeeeeniee 264
M
Manual_Ing..ceceeereeeereriieieiie e eea e 82
Maximum resolution (Register) ..........cc..... 260
MaxLutSize (Field) ...oeeeueerreneriinereiinennnnnne 264
MaxResolution (Field).......ceeeeuueireeinnnnnene. 257
MaxValue ..coevuueereiiiiiriiieeeeeiee e 274
Max. ISO packet (advanced register).......... 280
Max. resolution (advanced register)........... 260
MAX_RESOLUTION ...euvevinieeeeenieeeeenieeeenns 260
MaX_Vallue cuvueeenieieiiiiiiieceee e eeeeeeenens 82
Memory channel

EITON COAS uevvnnrrerinnereernierereaareeenns 269
memory channels....ccocevueeevueiinneiennenennnnns 292
memory channels (user profiles)................ 292
minimum exposure time...ccoceveeveeereeenrennns 165
MINVALUE «eevnererneriie e eeeeeeeaenee 274
Min. exp. time + offset ...ccevveeriineriiierennnnns 165
Min_Value......eereiimeirriiiiireiiieeeceie e 82
mirror function

horizontal ceeeeeeveeeeneereeiienreeeieeeeeennen, 108
Mirror image (advanced register)............... 277
Mirror (advanced register) ....cceveuereenerennnnes 277
MSB aligned....cceeeeueeieinerenneneninenneeennenens 92
MUlti-Shot cevveeieriiiiiriiieereee, 170, 179

external trigger..ccceieveieviiniiiieiennnnennn. 170

using Trigger_Mode_15 .....ccccvvurrvnnnnnn. 161
N
No DCAM object..uueieeereiiieiiiieiiieeeeieeeeenas 78
No FLASH object .ccuviiueiiiiiiiiiriiiieiiceneennns 78
Node_Id .....covvimmmmniiiniiiiiiinniiiniecciiinnnne, 218
non-uniform illumination ......c..ccceevuuenneene. 110
NUMOFLUES e eeveneereiiiereeiieeeece e 264
NumOfLuts (Field) .eeuueereeeeneeriiineeneeeiies 264
o
OFFSET

STINGRAY Technical Manual vV2.2.0
304



Index
automatic white balance ........ccceeveeenien 98
OFFSEt et 164
010 106
COD ettt et eeere e e e e e eeaes 106
configuration ROM......ccceevuvieiennnnnnen. 224
fACLOrS et 224
AUE ceeee et 147
initialize register...ccoeveverivuieeinerennnnns 227
inquiry register video format............... 227
inquiry register video mode................. 228
SAtUrAtion covveereieeeiie e, 147
setting brightness .....cccvvvevevnerivnnnnnnne. 106
setting gain...cccvveveeieiiiiie e e, 106
OHCT API
FirePackage .....oeevveevevnevevieneniieeeneen, 17
0NE-ShOt. . iee i e 167
Trigger_Mode_15..cccceieuiienrienrennnennnnnn. 156
using Trigger_Mode_15 .....ccvvurrvunnnennn. 161
VAlUBS ceeeeeeiiieeeeriie e et eeeeeeeeeeaaees 168
one-shot bit...ooiiiiiiiiiii 167
one-shot Mode c....eveeeeneererinnenreeiieeeeeanee. 167
One_Push (Field) ... 97, 102, 104, 105, 107, 251
One_Push_INng..coeeeeeeieeiieeniieniienineneeeneenn. 82
ON_OFF ittt et 82
ON_OFF (Field) ceuuereeeneeeeeiinereiiienreeiiiee 97
OPLOCOUPLEN ivveeiiriieiie e, 79
output
block diagram ......cceeeeveiniiniiinirennennnnn. 85
SIGNALS cever et eeir et e e 84
Output control (advanced register) ............. 86
output MOde cevveirieiiie e, 86
ID et 87
Output mode (Field) cevvueereeenneeriiiienreiinnnes 86
output pin control c.oeveeeeneeeiiieiiinirenenennn. 87
OULPULS tereniiiiiice e 84
COMMON VCC tevnerrernnnnerernnnreernnneseerennes 75
GENETAL cevuniirieririie et eeas 79
TEGISLEIS tevirieiriereneieeereereeeeeeneeennees 86
set by software ......ceeeveeveeeiiiiiiienennnnns 89
OULVCC ceeeieeeeeiieeeeeeieeeeeeeeeereee e e eennaneee 75
P
Packed 12-Bit Mode ....ceuvvveneriinereinnnenannnne 138
Packed 12-Bit MONO.....cc..evvevuueieiinnnnnnnne. 138
Packed 12-Bit RAW.....ccevvuveiinniriiininnnne. 138
packet format....cccvueiiiiiiiiiiiiii e, 92
parameter list
L1111 0] 137

/1

parameter list (example) .....cccvvueereirnnnnnnnne 284
Parameter-List Update ............... 135, 136, 137
Parameter-List Update (advanced register) .284
PI controller ...ceeeuerereerieeieiieneiineeeeeene. 103
PN CONEIOLicueiiniieieieii it eee e 271
PinState flag..cccevuereveriiiiniiiieiiicceiieeceeneee 86
PinState (Field) coeevvuevreiineiiiiiiereiiieeee 80
PiXxel data ..ceuererueriiiie i 92
plus integral controller .......ceeeveueeivnrennnnns 103
POINTEr 1ESEL civveiiii i i eer e eeeeeaees 173
Polarity (Field) .cceueveenereinreiieriinereenenes 80, 86
Power

TEEE 1394D..iiiiiiiiiiiiiiiiiiieeeceieee, 73
power

GND ettt 75
Presence_INng cvveveeneeneenneeninieneieneeneenennnnnns 80
Presence_Inqg (Field) veevveunveenerivnnnnnnnnns 82,97
programmable mode (Trigger_Mode_15).....156
Q
QFCM e 134
Quick Format Change Mode................ 134, 136

(QFCM) e eceiee 134, 136, 137
Quick parameter change timing modes........ 133
R
Readout_INg ..cceeeuieveeieiiieiiiieeeeeeeeeeeenanas 82
Register mapping (error code) ......cceuuueeennne 78
repeat CoUNter..cicviiiiiiiiinieiiiiiiiiiieeeeenenes 173
Requirements

correction data .....eeeeeenereiinniireennnens 111
RGB to YUV

formula....eeeeeeeeeeeeieereeeieee e, 150
RGB8 format ....cevuerevenerienereiieneiieeeeneenes 150
rising edge (SeqMode) .....cevuerienrienrennnnns 176
ROHS (2002/95/EC) c.vuveuveveereveeeevereeeueneanns 19
RS232 ittt er s eee e eaeae 75
RXD_RS232 .eerieeeeiieeeeeiieeeeeie e 75
S
SAtUratioN . ceueeee e 147

OFFSEL et 147

secure image signature (advanced register) 287
secure image signature (SIS)

advanced registers...cccoieveeernrrennnnennn. 287
definition. e e, 182
SCENATIOS vuvenerernerernerrrnernrneesencenenesnens 182

STINGRAY Technical Manual vV2.2.0
305



Index
SENSOr POSition acCUracy ....eeeeveerevenrenennnnns 298
Seqlength...ceee e, 179
SeqMode
description ceiee e eiie i 176
sequence
automatic white balance ..................... 99
deferred mode.....coevveeiiieiiinniiniininnnnns 142
important Notes ....cuevevuerevnieerneeennnnns 179
loading @ LUT weevvveeriiieieiieeeeeeeeee, 118
modified registers ....coeeveeieiiiiininennnns 173
Of IMAGES .uvieiiiiiiiiie e, 173
ONEShOt...eiiiiiiiiieiiciieciicecce e, 167
white balance .....ccceeeriiiniiiiiiienennnnnes. 99
SEQUENCE MO .. evuererueerrnerernererneeenneenes 173
CANCEL etreneeeeeineeeetie e eerieeeeeraeeeeeeaes 179
changes to registers.....ceeeeueeeeeennennnen. 181
default..ce.ereeeriiieeriierie e, 176
example of settings .....cceevevnerevnnnnnnnn. 180
features ooveveeeeeeeiieeeecee e, 178
flow diagram ....cceevveiivieiivneneniieinnnnnns 177
frame rate coveeeeeeeeniee e 174
TMAGE SIZEiuiiuiineiieitieereeeeenneennenns 174
implemented ....coveeviieiiiiiiiiinieni, 174
POINLEY rESEL.uuuriirerienererierernererneeennns 173
repeat counter ...ccocvvvevieiiieiininninnnnen, 173
Sequence mode (advanced register)........... 174
Sequence ReSet....iuviveerierinniniiieiieieneennnns 81
SeqUENCE StEP ivieiiieiietirteee e eeeeaes 81
sequence step Mode .....ccueevueevniiereennennnnn. 175
SEQUENCE_CTRL wevvevvenreeienienerenneees 174, 252
SEQUENCE_PARAM .....uuriiiinerirnnnnnennn. 174, 252
SEQUENCE_RESET ..cevveieiiineeeiinieees 175, 252
SEQUENCE_STEP «.vevieeeeeiieeeeeiieeees 175, 252
Seq_Length...cceeiiiiiiiiiiiiiiceice e, 179
shading
correction data .....ceeeereeinniiieiinnnnnnne. 109
shading correction ....cccccvvevevnnrennnnnnn. 109, 266
shading iMage....cceeeeveeeeeeereieneeieeeeies 110
automatic generation......ccoeeevveennennnen. 111
delay coueeeeiee i 112
Format_7 ..ooevvviiiiiiiiiiiiiiiniiane 112
geNeration ....ccevueeeenereinnrernieeennenennnns 113
load iNto CAMEra .uueevvveiernnrernnrennnnnennn. 115
load out of camera ....ceeeeevueeeeiennnnnnnne. 114
shading iMages .....cccevueveenereenieeenieeennnnnnn. 266
shading reference image ....ccoeeveeenveennennnens 111
Shading (advanced register) ........cceeeuuuenees 267
SNAIPNESS teunieveeriiiereiiie et rereeeenerenaeenns 146
SHDG_CTRL «eevveeieiiiieeeeeeneeeeeni e 112, 267

SHDG_INFO .eureiiiieieiiieeeeieiee e, 267
SHDG_MEM_CTRL.ceuurieinieeiinieereeeiieeennens 267
SHUTTER ettt eeeeaeen 102
Shutter CSR..vve e 102
shutter time
formula....coeeeeeeereiiiiiiiiiiieecrieeee, 164
SHUTTER_MODES .....otiiiieiiiiieiieiiiieeeeeeee 156
signal-to noise ratio (SNR)
vertical binning ...cooeeeiiiiiiiiiiinne, 121
signal-to-noise ratio (SNR)....cc.eevvuurernnnneee 119
signal-to-noise separation.......ccccceeeenneennns 119
single-shot mode ....ceeeueeriieiiierinieninnnnnen. 179
SIS
advanced registers...ccceieveiernriennnnennn. 287
definition...coeeeeeeeriiiiieerccee e, 182
SCENAITOS tuvnernnrrennrrenerernerernenerenneeenns 182
SIS (advanced register)....cceeeeeuereenneennnnees 287
SMArtVIEW weeviiiiiiiiiiiiiieeiie e 17
SNR e 119
Soft reset (advanced register).....cccccceu..... 278
specifications....ceeeeeeeeeeieiiie e, 38
spectral sensitivity
Stingray F-033B ..ceivviiiiiieeiireeneein, 50
Stingray F-033C.....ceiuiiiieriineneennennnnes 50
Stingray F-046B ......c.cevveveneienneenncnnnnnns 51
Stingray F-046C......ccevvuerenerennrenneennnnns 51
Stingray F-080B ......cccevveieneienneennennnnnn. 52
Stingray F-080C.....cccueeiueiineeinnennnennnnnn. 52
Stingray F-145B ..cccivviiieiiiiiineenennnen, 53
Stingray F-145C......ccueiivuerinnerennenennnnns 53
Stingray F-146B ....cccuevvveveneiennennninnnnnns 54
Stingray F-146C.....ccceevuerenerennienniennnnns 54
Stingray F-201B ..cecvvverinienrienneencennnnn. 55
Stingray F-201C...cccvueiiuiiineiineeennennnnnn. 55
spectral transmission
Hoya (5000 .....ccuueeiuerenrennnennneeneennnennne 35
IR cut filter coveeeeeereiiieieeiieeeeeeeeee 35
Stack setup (error code)....cceuueereeennreennnnnn. 78
Stack start (error code).....ccuuueereeenereennnnn. 78
standard housing...cceeeveveeeiieiiiiiiiieeineiennen, 56
Standard Parameter Update Timing..... 134, 282
Standard Update (IIDC) ............. 135, 137, 138
SEAtUS LED ceviieiiiiiiiiiiiiiii e 77
STINGRAY F-033B/C fiber (Specification) ..... 38
STINGRAY F-033B/C (Specification) ............ 38
STINGRAY F-046B (Specification) ............... 40
STINGRAY F-046B (Specification) fiber........ 40
STINGRAY F-080B/C (Specification) ............ 42
STINGRAY F-080B/C (Specification) fiber..... 42

STINGRAY Technical Manual vV2.2.0
306



Index
STINGRAY F-145B/C fiber (Specification) ..... 44
STINGRAY F-145B/C (Specification) ............ 44
STINGRAY F-146B fiber (Specification) ........ 46
STINGRAY F-146B (Specification)................ 46
STINGRAY F-201B/C fiber (Specification) ..... 48
STINGRAY F-201B/C (Specification) ............ 48
StiNGray tYpes ceueveeeeeneieireeerieerenrenerenerenene 18
stored settings
user profile...e.eeeeeeeeeereiiieeiieeeee e, 294
SEYLES tetriie et 15
sub-sampling
ACCESS tuninninninninnienirneineenreneaeaeanennes 131
brightness ..ccuueeeeeeeiiiiiiie e, 125
b/w and color....eveviieiiiieiiiieiinineneen, 125
definition....ceeeeerriiienieeieeeeeeee e, 125
SY (SYNC Dit)eeeeneeieieiiineiie e 92
SYMDBOLS eereeeeeeeiir e eeeeeeaes 15, 16
SYNC DIt (SY)eereemmnereiiiiiieiiieieriiee e 92
synchronization value (sync bit) ................ 92
system components.....cceeeveiiiiiinieienininenn. 35
T
tag field coveveeneieie e 92
target grey level
corresponds to Auto_exposure............. 246
Target grey level (auto exposure) ....... 106, 273
Target grey level (SmartView)
corresponds to auto exposure.............. 101
t00dE ceeieneeeeiiiee e 92
TEMPERATURE. ...ttt e 251
Temperature (CSR register) .....cceveeeeeennnnnne. 251
test IMAge voveeeeeiieeic e, 216
Bayer-coded .......cvueviiiriiieiinieneinnnnnns 217
b/W Cameras...ccceueievneieriereineeienenennn. 216
[o10] 1o ] GO P PP PUPPRRPPPPRIN 217
COLOT CAMEIAS weuererrnereereneeeereaeeeennns 217
configuration register ......cceeeevevnnennnen. 263
gray bar...ceeeee e, 216
SAVE tuiiuiiuiininniiieir e ca e 263
Test images (advanced register) .......c...eu.e. 263
TEST_IMAGE ..covueieiiieeeeeeee e eeeie e 263
Lo PO PPN 92
time base .coveeeieeeiie e, 165
EXPOSUIe TiMe .eevueeririreinrerneeennrennens 164
SEEEING.ceve i e eeaeen 262
trigger delay...ccoevevueriinininneiinnnnnn. 82, 162
time base ID ceueveeureiiiieiieece e, 261
Time base (advanced register) ........cceuueneee 260

time base (Register).....ceeeeeuuerrvennerennnnnn. 260
tIMe TESPONSE.cuuiirieiereeerieeeeneeerieeeraneeens 168
time stamp cooveeevvieiiinrier e, 182, 288
time stamp (advanced register)................. 287
time stamp (definition) .....ccceeeeerevnerennnnnee. 287
TIMEBASE ...oiiiiiiiiiiiiiieciiccecenes 252, 260
TimeBase (Field) ...cevveeuueeriiiniiriiiieneennnee. 257
TPA-

TEEE 1394b..iiiiiiiiiiiciieeiieeeeeeieeeee 73
TPA(R)

TEEE 1394b..iuuiiiiiiiiiiiiiiiiiiic e e, 73
TPAH s 73
TPB-

TEEE-1394b..ccieeeeiiiiiiiieiiiieeeeeinieeeene 73
TPB(R)

TEEE 1394b..cuuiiiiiiiiiiiiiiiiiiiceiie e, 73
TPB eueeeeeuueeeeeeneeeeenieeeeeenneneerranensennnnnnens 73

TEEE 1394b..iiiiiiiiiiiiiiiiiiiiieciiineee 73
transaction code (tCode)......ceevveruuerrevnnnnnne 92
trigger

DULK eeeeeeeeeee e 156, 158

control image capture.....ccceeeeveenennnes 156

delay .ieeiieiieeee e 82, 89

Lo o [T SRR PUPR PR PPPRPPOPRt 83

eXternal . c...eeeeeueeiriiiiieeeiiieeeceie e 156

hardware.......ceeeeeeneerreieneeneeennnnes 83, 163

TMPULSE.ceueieeee et e, 167

IntENna ceei e 88

internal coueeveeereeereier e, 156

latency time ..coevivueriiiiniiiiereieeeeiees 171

mMicrocontroller .....eeveeeueeeeinniireennnnns 168

0NE-SNOt ceueeieiiiiiriiiieeeeeie et 167

SEQUENCE MOAE cvuvirnrienreenieenreneenrenens 173

SIGNALceeniiriiieiee e 79

SOFtWATE. ceeeeeeeeeie e, 170

SYNChIONIZE cevveniiiiiiiie i r v e eeen, 171
trigger CoUNter...coveviiieievieeeriierennenes 182, 290
trigger counter (advanced register) ........... 290
trigger counter (definition) ......cccuuueneeeneen. 287
trigger delay cuoeeeeeeeeieneiiieeiie e 162

advanced CSR ....covvvvenivriiniinennnnen. 83, 163

advanced register....cccecevuerernnnnnnn. 83, 163

OFF et 83

(0] 1 83
Trigger Delay CSR..vuuvenieiieeece e, 83
trigger delay CSR ..cvuivvniiiiiiiiiiiiie e, 163
Trigger delay inquiry register......cc..cccceu.e.. 162
trigger delay inquiry register ......ccceeeevuenenne. 82
Trigger delay (advanced register) .............. 277

STINGRAY Technical Manual vV2.2.0
307



Index
trigger function .coeveveeveiiiiiiiie e, 160
trigger Modi.e.e e ieenereeiiieiie e eeaen. 156
£rigger OVeITUN c.vvvueeie e e e e, 182
[0 [0 o[- £SO RRPRTON 79

TNPUL et eiie e eereeee e e eaaaes 79
TRIGGER_DELAY ..oviveiriiiinireiiineeennnns 83, 163
TRIGGER_DELAY_INQUIRY....c.ceevuuennnnnn 82, 162
TRIGGER_MODE .....ccvuuiriiineeriiiieeeeeiies 160
Trigger_Mode ....ceueveveeieeiiieiiieeeie e, 160
Trigger_Mode_0 (edge mode)............... 84, 156
Trigger_Mode_1 (level mode).........cc.e....... 156
Trigger_Mode_15 (bulk trigger).......... 156, 158
Trigger_Mode_15 (programmable mode).....156
Trigger_Polarity .c.ceveveeeeviieiiieienienennnennnn. 160
Trigger_SOUrCE cueveuevereeenerenerenereneeeneeennens 160
Trigger_Value c.cccevueeineeeiiieiieecreieeeeeeeneen, 160
tripod adapter ..cccveeeiiieiiiiii e 58
tripod dimensions .....cveeeveeeriieiiieieeeeeennnes 58
types

Stingray Cameras....cceeeeereenreeneenneenenennns 18
U
UNIT_POSITION_INQ...ccevuurreermnrrerrnnnnnannne 200
UNIT_SIZE_INQ..cevvuerrerrnneneeennnanreennnnnennnns 200

Update timing modes (advanced register)...282
user profile

stored settingsS....cevevuerevniriiieeennnnennnn. 294
USEr Profiles..ccueeieeneriieriiereiie e revie e 292

EITON COAR evvrrniererinereeeiieeeeraaeeeeenns 293
User profiles (advanced register)................ 292
USEI SEES..iuiiniiiiniiiiiiiiiiiriiiri e 292
USEE VAlUB ceuereeeereeneeerneeetaereeneeennerenneeens 182
U/B_Value (Field) v..eererrunirerennnreinnineennnne. 97
U/V slider range ccc..eeveeeeeveeenneneeennneennnne. 98
v
VCC

TEEE 1394b.ccveeieiiiiiiieiieeeeeeiee e, 73
Vendor Unique Color_Coding.......c..c.ccuu....... 138
Vendor unique Features.....c.ccvvevuvevnnennnenn. 238
vertical binning ....ovevvvviiiiiiiiiniiiieniiienennns, 120

SNR e 121
vertical sub-sampling (b/w)

Arawing ceeeveeeeeeveeeeeeeeree e, 127
vertical sub-sampling (color)

Arawing coveeeeeieeiieeiie e e 128
VG (GND)

TEEE 1394D.cuuieniiniiiiiiiieiiiiiiivennenns 73
video data format

TIDC V1.3 oo 93
Video data payload .....ccceeuvevniiniiiniiinnnennnen. 92
video format

available bandwidth.......cccccevvenennnnne.e. 203

frame rate .cueeeneeieiiiieeeee s 203

MF-080...cceeveeenenennnenn. 189, 190, 191, 194
video formats...ccvveienieciiiiiceeeiceeenees 184
video Format_7

Y0 ) 200
video information ......ccceeeuveeieiienienennennnnn. 92
video mode

CUR-V-MODE ...cuevririeieieieeeeereennnnn 243

(0111 =) A A 249

INQUITY register covviieiiieeieeeeeeneeennens 228

sample C code..cuerinniinniiniiiieiiiiinieennnes 222
video Mode O .cveeenvenieniiieeieeieeiceeeeeeeneenees 206
VIdeo MOdE 2 .cvuvenieniiiieeeeeeeei e, 206
VMode_ERROR_STATUS....ceuveiiiiiiieinennenn, 78
VP

TEEE 1394D.uiuiuieiiniiinieiiieiiienieenens 73
VP (Power, VCC)

TEEE 1394D.cuuieniiniiiinieieeieeieeieienneenns 73
V/R_Value (Field)..coceeuueerrerneiriiineireinnnnnns 97
w
white balance

auto shutter co.veeieeieiiiiiciiieeeeneee, 101

AUTOFNC_AOT ...enieniiiiieceeeeeeeeenes 100

aUtomMatiC covvveviiiiiiiieieieenee, 97,99, 100

automatic SeqUENCEe...ccvvvurirrenerennennnnns 99

CONAItIONS . eeniiiieieeeee e eeereenes 99

GENETAL.erueniiieiirieieie e enis 97

Hue register ooivueeiiverieieniviie v cennnnns 147

1 L1 | R 97

one-push automatiC...ccceeeveveeenerennnnnnnns 98

register 80Ch ..o.cvivueviiiiriiiiriiiieeeeiee, 97

SIX FrAMES wevvniieieieeeeeeee e eeceereenes 98

[ua]e 0] OO URRPPPRRPPRt 99
WHITE_BALANCE ....ccuevniieiniineenienennees 97, 100
www.alliedvisiontec.com......ccceveuennenn. 17,18

STINGRAY Technical Manual vV2.2.0
308



	Contacting Allied Vision Technologies
	Introduction
	Document history
	Manual overview
	Conventions used in this manual
	Styles
	Symbols

	More information
	Before operation

	STINGRAY cameras
	Declarations of conformity
	FireWire
	Overview
	Definition
	IEEE 1394 standards
	Why use FireWire?

	FireWire in detail
	Serial bus
	FireWire connection capabilities
	Capabilities of 1394a (FireWire 400)
	IIDC V1.3 camera control standards

	Capabilities of 1394b (FireWire 800)
	IIDC V1.31 camera control standards

	Compatibility between 1394a and 1394b
	Compatibility example

	Image transfer via 1394a and 1394b
	1394b bandwidths
	Requirements for PC and 1394b
	Requirements for laptop and 1394b
	Example 1: 1394b bandwidth of Stingray cameras
	Example 2: More than one Stingray camera at full speed

	FireWire Plug & play capabilities
	FireWire hot-plug and screw-lock precautions
	Operating system support


	Filter and lenses
	IR cut filter: spectral transmission
	Camera lenses

	Specifications
	STINGRAY F-033B/C (fiber)
	STINGRAY F-046B/C (fiber)
	STINGRAY F-080B/C (fiber)
	STINGRAY F-145B/C (fiber)
	STINGRAY F-146B/C (fiber)
	STINGRAY F-201B/C (fiber)
	Spectral sensitivity

	Camera dimensions
	STINGRAY standard housing (2 x 1394b copper)
	STINGRAY (1394b: 1 x GOF, 1 x copper)
	Tripod adapter
	Stingray W90 (2 x 1394b copper)
	Stingray W90 (1394b: 1 x GOF, 1 x copper)
	Stingray W90 S90 (2 x 1394b copper)
	Stingray W90 S90 (1394b: 1 x GOF, 1 x copper)
	Stingray W270 (2 x 1394b copper)
	Stingray W270 (1394b: 1 x GOF, 1 x copper)
	Stingray W270 S90 (2 x 1394b copper)
	Stingray W270 S90 (1394b: 1 x GOF, 1 x copper)
	Cross section: CS-Mount
	Cross section: C-Mount
	Adjustment of C-Mount and CS-Mount
	Stingray board level: dimensions
	Stingray board level: CS-Mount
	Stingray board level: C-Mount

	Camera interfaces
	IEEE 1394b port pin assignment
	Board level camera: IEEE 1394b port pin assignment

	Camera I/O connector pin assignment
	Board level camera: I/O pin assignment

	Status LEDs
	Normal conditions
	Error conditions

	Control and video data signals
	Inputs
	Triggers

	Input/output pin control
	IO_INP_CTRL 1-2
	Trigger delay

	Outputs
	IO_OUTP_CTRL 1-4
	Output modes

	Pulse-width modulation (Stingray housing and Stingray board level models)
	PWM: minimal and maximal periods and frequencies
	PWM: Examples in practice


	Pixel data

	Description of the data path
	Block diagrams of the cameras
	Black and white cameras
	Color cameras

	White balance
	One-push automatic white balance
	Automatic white balance

	Auto shutter
	Auto gain
	Manual gain
	Brightness (black level or offset)
	Horizontal mirror function
	Shading correction
	Building shading image in Format_7 modes
	First example
	Second example

	How to store shading image
	Automatic generation of correction data
	Requirements
	Algorithm

	Loading a shading image out of the camera
	Loading a shading image into the camera

	Look-up table (LUT) and gamma function
	Loading an LUT into the camera

	Binning (only Stingray b/w models and F-201C)
	2 x / 4 x / 8 x binning (F-201C only 2 x vertical binning)
	Vertical binning
	Horizontal binning (F-201C only 2 x horizontal binning)
	2 x full binning/4 x full binning/8 x full binning (F-201C only 2 x full binning)

	Sub-sampling (Stingray b/w and color)
	What is sub-sampling?
	Which Stingray models have sub-sampling?
	Description of sub-sampling

	Binning and sub-sampling access
	Quick parameter change timing modes
	Why new timing modes?
	Standard Parameter Update Timing
	New: Quick Format Change Mode (QFCM)

	How to transfer parameters to the camera
	Encapsulated Update (begin/end)
	Parameter-List Update
	Standard Update (IIDC)


	Packed 12-Bit Mode
	High SNR mode (High Signal Noise Ratio)
	Frame memory and deferred image transport
	Deferred image transport
	HoldImg mode
	FastCapture mode

	Color interpolation (BAYER demosaicing)
	Sharpness
	Hue and saturation
	Color correction
	Why color correction?
	Color correction in AVT cameras
	Color correction: formula
	GretagMacbeth ColorChecker
	Changing color correction coefficients
	Switch color correction on/off

	Color conversion (RGB ‡ YUV)
	Bulk Trigger
	Level Trigger
	Serial interface

	Controlling image capture
	Trigger modi
	Bulk trigger (Trigger_Mode_15)
	Trigger delay
	Trigger delay advanced register


	Exposure time (shutter) and offset
	Exposure time offset
	Minimum exposure time
	Extended shutter

	One-shot
	One-shot command on the bus to start of exposure
	End of exposure to first packet on the bus

	Multi-shot
	ISO_Enable / free-run
	Asynchronous broadcast
	Jitter at start of exposure
	Sequence mode
	How is sequence mode implemented?
	Setup mode
	Sequence step mode
	SeqMode description
	Sequence repeat counter
	Manual stepping & reset

	Which sequence mode features are available?
	Setup mode
	I/O controlled sequence stepping mode
	I/O controlled sequence pointer reset
	I/O controlled sequence stepping mode and I/O controlled sequence pointer reset via software command

	Points to pay attention to when working with a sequence
	Changing the parameters within a sequence
	Points to pay attention to when changing the parameters

	Secure image signature (SIS): definition and scenarios
	SIS: Definition
	SIS: Scenarios


	Video formats, modes and bandwidth
	Stingray F-033B / Stingray F-033C and board level F-033B BL / F-033C BL
	Stingray F-046B / Stingray F-046C and board level F-046B BL / F-046C BL
	Stingray F-080B / Stingray F-080C and board level F-080B BL / F-080C BL
	Stingray F-145B / Stingray F-145C and board level F-145B BL / F-145C BL
	Stingray F-146B / Stingray F-146C and board level F-146B BL / F-146C BL
	Stingray F-201B / Stingray F-201C and board level F-201B BL / F-201C BL
	Area of interest (AOI)
	Autofunction AOI

	Frame rates
	Frame rates Format_7
	Stingray F-033/F-033 BL: AOI frame rates
	Stingray F-046/F-046 BL: AOI frame rates
	Stingray F-080/F-080 BL: AOI frame rates
	Stingray F-145/F-145 BL: AOI frame rates
	Stingray F-146/F-146 BL: AOI frame rates
	Stingray F-201/F-201 BL: AOI frame rates


	How does bandwidth affect the frame rate?
	Example formula for the b/w camera
	Test images
	Loading test images
	Test images for b/w cameras
	Test images for color cameras
	YUV4:2:2 mode
	Mono8 (raw data)



	Configuration of the camera
	Camera_Status_Register
	Example
	Sample program
	Example FireGrab
	Example FireStack API


	Configuration ROM
	Implemented registers (IIDC V1.31)
	Camera initialize register
	Inquiry register for video format
	Inquiry register for video mode
	Inquiry register for video frame rate and base address
	Inquiry register for basic function
	Inquiry register for feature presence
	Inquiry register for feature elements
	Inquiry register for absolute value CSR offset address
	Status and control register for one-push
	Feature control error status register
	Video mode control and status registers for Format_7
	Quadlet offset Format_7 Mode_0
	Quadlet offset Format_7 Mode_1
	Format_7 control and status register (CSR)

	Temperature register

	Advanced features (AVT-specific)
	Advanced registers summary
	Extended version information register
	Advanced feature inquiry
	Camera status
	Maximum resolution
	Time base
	Extended shutter
	Test images
	Look-up tables (LUT)
	Loading a look-up table into the camera

	Shading correction
	Reading or writing shading image from/into the camera
	Automatic generation of a shading image
	Non-volatile memory operations
	Memory channel error codes

	Deferred image transport
	Frame information
	Input/output pin control
	Delayed Integration Enable (IntEna)
	Auto shutter control
	Auto gain control
	Autofunction AOI
	Color correction
	Trigger delay
	Mirror image
	Soft reset
	High SNR mode (High Signal Noise Ratio)
	Maximum ISO packet size
	Quick parameter change timing modes
	Standard Parameter Update Timing
	Quick Format Change Mode
	Automatic reset of the UpdActive flag

	Parameter-List Update
	Format_7 mode mapping
	Example

	Secure image signature (SIS)
	Advanced register: SIS
	Advanced register: frame counter
	Advanced register: trigger counter
	Where to find time stamp, frame counter and trigger counter in the image
	Where to find all SIS values in the image

	User profiles
	Error codes
	Reset of error codes
	Stored settings

	Pulse-width modulation (PWM): Stingray housing and board level cameras
	GPDATA_BUFFER
	Little endian vs. big endian byte order



	Firmware update
	Extended version number (FPGA/µC)

	Appendix
	Sensor position accuracy of AVT cameras

	Index


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


