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1 
Introduction to the 
Spyder2 Line Scan Camera 

1.1 Camera Highlights 

Features 
• 40MHz data rate 

• Resolutions from 512 to 2k 

• High responsivity 

• Exposure control and antiblooming 

• Programmable integration time, line rate, gain, offset, bit depth, test pattern, and 
diagnostics 

• Flat-field correction—minimizes sensor FPN and PRNU, lens vignetting and non-
uniform lighting 

• Camera Link™ interface 

• Single 12V to 15V power supply 

• Compact design 

• 8 or 10-bit output from 10-bit digitization 

• 512, 1024, or 2048 pixels, 14µm x 14µm 

• 100% fill factor 

• Line rates up to 65kHz 

Description 
The Spyder2 is a small, fast, and cost-effective camera boasting a full feature set and a 
Camera Link interface. Available in 512 to 2k resolutions, Spyder2 is small, light, and uses 
a single voltage power supply. Cabling and interface are simplified with the Camera Link 
high-speed serial standard. The camera is sensitive, but still provides quiet, uniform 
output thanks to CDS (correlated double sampling) and embedded flat-field correction 
algorithms. Gain and offset are fully programmable and the camera can output test 
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patterns for cable/system troubleshooting. All resolutions provide appropriate, readily-
available standard lens options (C-mount, F-mount, and M42x1 photography standards). 

All these features combine to make the Spyder2 an industry leader in power and 
affordability.  

Applications 
The Spyder2 is an ideal choice for these applications: 

• Web inspection (multi-cam and narrow web) 

• Pick and place 

• Document scanning 

1.2 Image Sensors 
The Spyder2 uses the IL-P3 image sensor with 14µm square pixels and 100% fill factor. 

Figure 1. IL-P3 Image Sensor Block Diagram 

1 Relative position of package Pin 11  

1.3 Camera Performance Specifications 
Feature / 
Specification 

Units Value Notes 

Sensor Features 

Resolution pixels 512/1024/2048  
Pixel Size µm 14 x 14  
Output Format (# of 
taps) 

 1  

 

Optical Interface Units  Notes 
Back Focal Distance 

Sensor die to 
mounting plate 

 
mm 
 

 
6.78 ±250µm 
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Optical Interface Units  Notes 
Sensor Alignment x, y 

 z 
  
               z 
      Parallelism/Tilt 

 
µm 
mm 
 
° 
µm 

 
±180 
17.52 ± 0.25 (C-Mount) 
46.50 ± 0.25 (F-Mount) 
± 0.6 
<175 

 

Die Surface Flatness µm 100  
Lens Mount  C or F mount  
Camera Thread  M42x1  

 

Mechanical 
Interface 

Units  Notes 

Camera Size mm 50x85x50  
Mass Kg <450g  
Connectors 

data connector 
power connector 

 
 

 
MDR26 (female) 
Hirose 6-pin (male) 

 

    

Electrical Interface Units Min Nom Max Notes 

Input Voltage Volts  +12 to +15   
Power Dissipation W   <5  
Operating 
Temperature 

°C 10  50 Measured at 
the front 
plate. 

 

Camera 
Performance 

Units Min. Nom. Max. Notes 

Line Rate kHz 1  65 (512) 
35 (1024) 
18 (2048) 

 

Data Rate MHz 40  40  

Data Format  8 bit  10 bit 8 or 10 bit 
user 
selectable. 

Nominal Gain Range dB -10  +10  

Dynamic Range DN:DN  
 

330:1 500:1  

Pixel Response Non-
Uniformity (PRNU) 
uncorrected  
corrected (ECD/ECE) 

DN  
 
 

 
 
5 
1.2/1.5 

 
 
23 
6/8 

 
 
 
1 

FPN 
     uncorrected 
     corrected 

DN p-p  
 
 

 
3.5 
1 

 
8 
3 
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Camera 
Performance 

Units Min. Nom. Max. Notes 

Random Noise DN rms  0.5 
0.75 
2.2 

 
1.2 
4 

@-10dB gain 
@0dB gain 
@+10dB gain 

Calibrated DC Offset DN   3 
5 
17 

@-10dB gain 
@0dB gain 
@+10dB gain 

Antiblooming    100x  

Responsivity DN/(nJ/
cm2) 

 13.6±2 
42.8±5 
136.0±16 

 @-10dB gain 
@0dB gain 
@+10dB gain 

Power Up Duration sec   15  

SEE nJ/cm2   5.79 @530nm, 0dB 

NEE pJ/cm2   37.3 @530nm, 0dB 

 

Regulatory   

Regulatory Compliance CE  

Shock and Vibration MIL-STD-810E   

 

DN = Digital Numbers (0-255); also known as gray levels. 

1. ECD= Exposure control disabled. When operating the camera in exposure mode 2 
(see section 3.9 Setting Line Rate and Exposure Mode for details), exposure control is 
disabled until the set command is sent. All other exposure modes operate with ECE 
or exposure control enabled. 

Test conditions unless otherwise noted: 

• All measurements taken in 8 bit mode 
• Data Rate: 40 MHz 
• Line Rate: maximum (FPN and PRNU measured at minimum line rate), DC-Offset to 

be characterized over different line rates 
• Nominal Gain setting, unless specified 
• Light Source: Broadband Quartz Halogen, 3250K, with 750nm cutoff filter installed 

• Ambient test temperature: 25°C. 

• De-rating specifications for temperature range from 0°C to 50°C. 
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Figure 2: Spyder2 Responsivity 
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2 
Camera Hardware 
Interface 

2.1 Installation Overview 
In order to set up your camera, you should take these steps: 

1. Connect Camera Link™ cables from camera to framegrabber. 

2. Connect power. 

You must also set up the other components of your system, including light sources, frame 
grabbers, camera mounts, heat sinks, host computers, optics, encoders, and so on. 

2.2 Input/Output Connectors and LED  
The camera uses a: 

• Diagnostic LED for monitoring the camera. See LED Status Indicator section below 
for details. 

• High-density 26-pin MDR26 connector for Camera Link control signals, data signals, 
and serial communications. Refer to Figure 4: MDR26 Connector for pin descriptions. 

• 6-pin Hirose connector for power. Refer to page 14 for pin descriptions. 
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!

Figure 3: Camera Inputs/Outputs 

CONTROL/DATA 1

STATUS

POWER

Diagnostic LED

Camera Link™

+12 to +15V and Ground

 

WARNING: It is extremely important that you apply the appropriate voltages to your camera. 
Incorrect voltages will damage the camera. See section 2.2.3 Power Connector for details. 

2.2.1 LED Status Indicator 
Table 1: Status LED 
LED state Priority Camera 

Status 
Condition 

Blinking RED 1 Error Fatal hardware failure  

Steady RED 2 Warning Monitoring task failure 

Blinking GREEN 3 Progress Lengthy operation in progress 

Steady GREEN 4 OK Healthy 

2.2.2 Camera Link Data Connector 
The Camera Link interface is implemented as a Base Configuration in the Spyder2 
cameras. A Base Configuration uses 1 MDR26 connector and 1 Channel Link chip. The 
main characteristics of the Base Configuration are: 

• Ports supported: A, B, C 
• Serializer bit width: 28 
• Number of chips: 1 
• Number of MDR26 connectors: 1 
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Data Connector 
Figure 4: MDR26 Connector 

M D R 26  Fem ale
1

14

13

26

M atin g  Pa r t : 3 M  33 4 -31  se r ie s
C a ble :  3 M  14 X 2 6-SZ L B -X X X -0 LC **  

Table 2: Camera Link Base Configuration  
Base Configuration 
One Channel Link Chip + Camera Control +Serial 
Communication 
Camera Connector Right Angle 

Frame Grabber 
Channel Link 
Signal 

1 1 inner shield 
14 14 inner shield 
2 25 X0- 
15 12 X0+ 
3 24 X1- 
16 11 X1+ 
4 23 X2- 
17 10 X2+ 
5 22 Xclk- 
18 9 Xclk+ 
6 21 X3- 
19 8 X3+ 
7 20 SerTC+ 
20 7 SerTC- 
8 19 SerTFG- 
21 6 SerTFG+ 
9 18 CC1- 
22 5 CC1+ 
10 17 CC2+ 
23 4 CC2- 
11 16 CC3- 
24 3 CC3+ 

12 15 CC4+ 
25 2 CC4- 
13 13 inner shield 
26 26 inner shield 

Unused pairs should be terminated in 100 ohms at both ends of the cable. 
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Table 3: DALSA Camera Control Configuration 
Signal Configuration Pin 

CC1 EXSYNC 9, 22 

CC2 PRIN 10, 23 

CC3 Spare 11, 24 

CC4 Spare 12, 25 

See Appendix B for the complete DALSA Camera Link configuration table, and refer to 
the DALSA Web site, vfm.dalsa.com, for the official Camera Link documents. 

Digital Data 
The camera digitizes internally to 10 bits and outputs either all 10 bits or the most 
significant 8 bits in LVDS format on the Camera Link connector. 

Note: Due to flat-field correction calculations, certain digital numbers will be unavailable 
when outputting 10 bits with flat-field correction enabled (i.e. you will experience 
missing codes). 

Data Clocking Signals 
These signals indicate when data is valid, allowing you to clock the data from the camera 
to your acquisition system. These signals are part of the Camera Link configuration and 
you should refer to the DALSA Camera Link Implementation Road Map, available at ,  
http://vfm.dalsa.com/docs/appnotes/00450-00_03-
32_DALSA_Camera_Link_Road_Map.pdf, for the standard location of these signals: 

Clocking Signal Indicates 
LVAL (high) Outputting valid line 
DVAL (high) Valid data 
STROBE (rising edge) Valid data 

IMPORTANT: This camera’s data should be sampled on the rising edge of STROBE. 

See Appendix A for the complete Camera Link timing, DALSA Camera Link 
configuration table, and refer to the DALSA Web site,  
http://vfm.dalsa.com/docs/appnotes/00450-00_03-
32_DALSA_Camera_Link_Road_Map.pdf, for the official Camera Link document. 

Input Signals 
The camera accepts control inputs through the Camera Link MDR26F connector. All inputs 
are optional. The camera ships in exposure mode 2 (programmable line rate and exposure time). 
All Camera Control (CCx) signals are in a logic HIGH state. Line rate can be set internally using 
the serial interface. Power-on rate is always 9600 baud. Data rate is always 40MHz. The 
external control signals, EXSYNC and PRIN, are optional and enabled through the serial 
interface. 

PRIN 
PRIN is an optional input signal used for exposure control (PRIN).  

 

http://vfm.dalsa.com/
http://vfm.dalsa.com/
http://vfm.dalsa.com/
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PRIN Indicates 
High Integration 
Low Pixel reset 

EXSYNC (Triggers Line Readout) 
EXSYNC is an optional input signal that can be used to trigger the line readout rate. This 
camera uses the falling edge of EXSYNC to trigger line readout. 

Note: EXSYNC should not be clocked faster than the camera’s specified maximum line 
rate. The camera ignores the EXSYNC pulse until it has completed reading the last line 
out.  

2.2.3 Power Connector 
H irose  6 -p in  C ircu lar M ale

5
4

6
2
3

1

M at in g  P a r t : H IRO SE
H R 10 A -7 P -6 S  

Pin Description Pin Description 

1 +12V to +15V 4 GND 

2 +12V to +15V 5 GND 

3 +12V to +15V 6 GND 

 

The camera requires a single voltage input (+12V to +15V). The camera meets all 
performance specifications using standard switching power supplies, although well-
regulated linear supplies provide optimum performance. See the Performance 
Specifications for current requirements. 

When setting up the camera’s power supplies follow these guidelines: 

• Protect the camera with a fast-blow fuse between power supply and camera. 

• Do not use the shield on a multi-conductor cable for ground. 

• Keep leads as short as possible to reduce voltage drop. 

Note: Performance specifications are not guaranteed if your power supply does not meet 
these requirements 

WARNING: It is extremely important that you apply the appropriate voltages to your camera. 
Incorrect voltages will damage the camera. Protect the camera with a fast-blow fuse between 
power supply and camera. 

Visit the www.dalsa.com Web site for a list of companies that make power supplies that 
meet the camera’s requirements. The companies listed should not be considered the only 
choices. 

www.dalsa.com
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2.3 Timing 
Figure 5. Spyder2 Overview Timing Showing Input and Output Relationships 

 
 

 

Figure 6. Spyder2 Fixed (Programmed) Integration Timing with External EXSYNC 
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Table 4: Spyder2 Timing (Fixed Integration Mode) 
Symbol Definition Min (ns) Typ 

(ns) 
Max 
(ns) 

twSYNC The minimum low width of the EXSYNC 
pulse when not in SMART EXSYNC 
mode.   

100   

twSYNC(SMART)
* 

The minimum low width of the EXSYNC 
pulse when in SMART EXSYNC modes to 
guarantee the photosites are reset. 

 
2,000 

  

twSYNC_INT The minimum width of the high pulse 
when the “SMART EXSYNC” feature is 
turned off 

100   

twSYNC_INT 
(SMART) * 

Is the integration time when the “SMART 
EXSYNC” feature is available and turned 
on. Note that the minimum time is 
necessary to guarantee proper operation. 

 
2,000 

  

tLINE PERIOD 
(t LP) 
 

The minimum and maximum line times 
made up of tTransfer, tREADOUT plus 
tOVERHEAD to meet specifications. 

54, 054 (2K) 
28, 248 (1K) 
15, 313 (512) 

  
106 

tTransfer The time from the reception of the falling 
edge of EXSYNC to the rising edge of 
LVAL when pretrigger is set to zero.  
Pretrigger reduces the number of clocks to 
the rising edge of LVAL but doesn’t 
change the time to the first valid pixel. If 
the fixed integration time mode of 
operation is available and selected then 
the integration time is added to the 
specified value. 

1,420 +/-50   

twFixed Int. Fixed Integration Time mode of operation 
for variable exsync frequency. 

800  t LP –
2,000 

tREADOUT Is the number of pixels per tap times the 
readout clock period. Pretrigger = 0. 

51,200 (2K) 
25,600 (1K) 
12,800 (512) 

  

tOVERHEAD Is the number of pixels that must elapse 
after the falling edge of LVAL before the 
EXSYNC signal can be asserted.  This time 
is used to clamp the internal analog 
electronics 

540+/-50   

thPR Applies when the PRIN exposure control 
feature is enabled .  The PRIN signal must 
be held a minimum time after the 
EXSYNC falling edge to avoid losing the 
integrated charge 

0   

twPR_LOW Minimum Low time to assure complete 
photosite reset 

2,000 +/- 200   

tPR_SET The nominal time that the photo sites are 
integrating.  Clock synchronization will 
lead to integration time jitter, which is 
shown in the specification as +/- values.  
The user should command times greater 
than these to ensure proper charge 

2,000+/-200   
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Symbol Definition Min (ns) Typ 
(ns) 

Max 
(ns) 

transfer from the photosites.  Failure to 
meet this requirement may result in 
blooming in the Horizontal Shift Register. 

 

*SMART EXSYNC refers to exposure mode 4. Refer to section 3.9 Setting Line Rate and 
Exposure Mode for further information on exposure modes. 
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3 
Software Interface: 
How to Control the 
Camera 

3.1 Overview 
All camera features can be controlled through the serial interface. The camera can also be 
used without the serial interface after it has been set up correctly. Functions available 
include: 

• Controlling basic camera functions such as gain and sync signal source 

• Performing flat field correction 

• Camera calibration 

• Measuring internal temperature and voltages 

• Capturing video 

• Generating a test pattern for debugging 

Online Help 
For quick help, the camera can return all available commands and parameters through 
the serial interface. To generate this list, send the command h to the camera. 

Retrieving Camera Settings 
To read current camera settings, send the command gcp. For an explanation of the 
camera parameter screen, see section B3 Camera Parameter Screen on page 63. 

i  

This chapter details the 
most commonly used 
commands. See 
Appendix B for the 
complete command list, 
error handling, and 
networking instructions.  
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3.2 Command Format 
The serial interface uses a simple ASCII-based protocol.  

• A carriage return (CR) ends each command. 

• Values in square brackets are optional. 

• There are two methods for entering the commands: In long form each command is 
written in its entirety. In short form, only a predefined abbreviation is required. The 
manual uses the short form. 

• The camera will answer each command with either "OK >" or "Error x: Error Message 
>". The ">" is always the last character sent by the camera. 

• The following parameters are used in the manual: 

i = integer 
f = float 
s = string 
t = tap 
x1, x2 = pixel start and stop values 

3.3 Processing Chain 
The following figure is a simplified block diagram of the camera's processing chain. The 
analog processing chain contains two elements–a gain stage and an offset stage. The 
digital processing chain contains the FPN correction, PRNU correction, background 
subtract, and a system gain stage. The software commands allow you to set and change 
all the elements of the processing chain. This enables maximum processing flexibility 
depending on your requirements. 

Figure 7: Camera Processing Chain 

Digital Processing

 

In addition, the two elements of the analog processing chain, analog gain and analog 
offset, can be adjusted to separate values in the calibrated and uncalibrated modes. For 
example, the analog gain value can be set to –5db in calibrated mode and 6dB in 
uncalibrated mode. When switching between calibrated and uncalibrated modes, the 
camera automatically uses the corresponding value. 
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3.4 Startup 
When the camera is first started, it must perform several actions before it is ready for 
imaging. This startup routine takes approximately 15 seconds, and follows this sequence: 

1. Initializes the camera and all internal hardware. 

2. Loads the last settings saved to non-volatile memory, including the last set of video 
correction coefficients, if previously saved. 

3. Restores user settings if previously saved, otherwise factory settings. 

4. Performs a memory test and voltage test and reports an error if any occurred. 

After this startup sequence is complete, the camera will return either the prompt "OK>" if 
no error occurred, or an error code if a problem has been discovered. 

3.5 Saving and Restoring Settings 
The camera provides a number of commands for restoring, storing, and saving settings. 

• To restore the original factory settings, use the command rfs. The FPN and PRNU 
coefficients are reset to 0. 

• To save all current settings to EEROM, use the command wus. The camera will 
automatically restore the saved user settings when powered up. 

• To save all current pixel coefficients to EEROM, use the command wpc. 

• To restore the last saved user settings and the FPN and PRNU coefficients, use the 
command rus. 

Figure 8: Saving and Restoring Settings 

Factory
Settings

User
Settings

Current
Session

wus,rus,
wpc
commands

rfs
command
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3.6 Setting Baud Rate 
To set the speed of the camera serial communication port, use the command: 

Syntax: sbr i 

Syntax Elements: i 

 Baud rate. Available baud rates are: 9600 (Default), 19200, 
57600, and 115200. 

Notes: • Power-on rate is always 9600 baud. 

• The rc (reset camera) command will not reset the camera to 
the power-on baud rate. 

Example: sbr 57600 

3.7 Setting the Data Mode 
To select the camera output mode, use the command: 

Syntax: sdm i 

Syntax Elements: i  

 0   8-bit, using port A for single processor configuration 
1   10-bit, using ports A and B for single processor configuration 

Notes: • To obtain the current data mode, use the command gcp. 
Example: sdm 0 

 

3.8 Setting the Video Mode 
The video mode sets whether the camera is running in calibrated or uncalibrated mode, 
or if it is generating a test pattern. 

To set the video mode, use the command: 

Syntax: svm i  

Syntax Elements: i 

  Video mode to use. Allowable values are: 
  0  Uncalibrated video, deactivated video correction 
 1  Calibrated video, activated video correction 
 2  Test pattern right 

Notes: • To obtain the current video mode, use the command gcp. 
Example svm 1 
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3.9 Setting Line Rate and Exposure Mode 
The camera’s line rate (synchronization) is generated internally or input from a frame 
grabber/host system. With six different exposure mode settings, the Spyder2 delivers 
many possibilities for flexible camera timing. Table 5 outlines each of these six exposure 
modes, and is followed by a full explanation on how to set the camera’s frame rate and 
exposure time. 

Table 5: Spyder2 Exposure Modes 
Programmable Line Rate   Programmable Exposure Time 

Mode SYNC PRIN   Description 

1 Internal Internal No No Maximum line rate and exposure time 
(factory setting) 

2 Internal Internal Yes Yes Exposure control OFF until a set 
command is sent  

3  External Internal No No Maximum exposure time 

4 External Internal No No Smart EXSYNC 

5 External External No No External line rate and external pixel 
reset 

6 External Internal No Yes Fixed integration time 

 
• To obtain the current value of the exposure mode, use the command gcp. 
• When setting the camera to external signal modes, EXSYNC and/or PRIN must be 

supplied. 

Overview: Setting Line Rate and Exposure Time 
The camera’s line rate (synchronization) can be generated internally through software 
commands or input externally from a frame grabber/host system. To select how you 
want the camera’s line rate to be generated: 

1. You must first set the camera mode using the sem command. Refer to Setting the 
Exposure Mode on the following page for details. 

2. Then, when applicable, use the commands ssf (mode 2 only) to set the line rate 
and/or set (mode 2 or 6), to set the exposure time. Refer to Setting Line Rate and 
Setting Exposure Time below for details. 
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Setting the Exposure Mode 
To select an exposure mode, use the command:  

Syntax: sem i 

Syntax Elements: i 

 Exposure mode to use. Factory setting is 1. Refer to Table 5 
on page 23 for a list of available modes. 

Notes: • To obtain the current value of the exposure mode, use the 
command gcp.  

Related Commands: ssf, set 

Example: sem 3 

Setting Line Rate 
To set the line rate, use the command: 

Syntax: ssf i 

Syntax Elements: i 

 Desired line rate in Hz. Allowable range is 1000Hz to the 
camera’s maximum line rate.  

Notes: • To read the current line rate frequency, use the command 
gcp. 

• If you enter an invalid line rate frequency, the valid range 
of values will be displayed. 

Related Commands: sem, set 

Example: ssf 3000 

Setting Exposure Time 
To set the camera exposure time, use the command: 

Syntax: set f 

Syntax Elements: f 

 Floating point number in µsecs. For allowable range, see the 
camera help screen (h command). 

Notes: • To read the current exposure time, use the command gcp. 

•  If you enter an invalid exposure time, the valid range of 
values will be displayed.  

Related Commands: sem, ssf 

Example: set 2100 

Camera must 
be operating 
in exposure 
mode 2 or 6. 

 

Camera must 
be operating 
in exposure 
mode 2. 
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3.10 Setting a Region of Interest 
The roi command sets the pixel range used to collect the end of line statistic and sets the 
region of pixels used in the cag, cao, gl, gla, ccf, and ccp commands. 

To define a region of interest, use the command: 

Syntax: roi x1 x2 

Syntax Elements: x1 

  Pixel start number in a range from 1 to sensor pixel count. 
Must be an odd number and less than the pixel end number. 

 x2  

  Pixel end number in a range from (x1 + 1) to sensor pixel 
count. Must be an even number and greater than the pixel 
start number. 

Related Commands cag, cao, gl, gla, ccf, ccp 
Example: roi 10 50 

3.11 Returning Video Information 
The camera’s microcontroller has the ability to read video data. This functionality can be 
used to verify camera operation and to perform basic testing without having to connect 
the camera to a frame grabber. This information is also used for collecting line statistics 
for calibrating the camera. 

Returning a Single Line of Video 
The gl command returns a complete line of video (without digital processing or test 
pattern) displaying one pixel value after another. It also displays the minimum, 
maximum, and mean value of the line sampled. If a region of interest has been set, the 
statistics are generated for the region of interest only. Use this command, or the following 
gla command, to ensure the proper video input range into the processing chain before 
executing any pixel calibration commands. 

To return a single line of video, use the command: 

Syntax: gl [x1] [x2] 

Syntax Elements: [x1] 

  Optional parameter. This sets the start pixel to display on 
screen. Allowable range is 1 to sensor pixel count. This 
parameter does not affect the Min, Max, and Mean statistics 
generated at the end of the line output. 

 [x2]  

  Optional parameter. This sets the end pixel to display on 
screen. Allowable range is (x1 + 1) to sensor pixel count. This 
parameter does not affect the Min, Max, and Mean statistics 
generated at the end of the line output. 

Notes: • If you do not specify a pixel range to display, the line 
output will display all sensor pixels on screen.  
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• If a region of interest has been set using the roi 
command, the Min, Max, and Mean statistics at the end of 
the line output include statistics for the region of interest 
only.  

• Values returned are in DN. 
Example: gl 10 20 

Returning Multiple Lines of Video 
You can also return the average for multiple lines of video data. The number of lines to 
sample is set and adjusted by the css command. The camera displays the Min., Max., and 
Mean statistics. If you are using a region of interest, the camera displays the statistics for 
the region of interest only. 

To set the number of lines to sample, use the command: 
Syntax: css i 

Syntax Elements: i 

  Number of lines to sample. Allowable values are 16, 32, or 
64 (factory setting). 

Notes: • To return the current setting, use the gcp command. 
Example: css 32 

To return the average of multiple lines of video, use the command: 
Syntax: gla [x1] [x2] 

Syntax Elements: [x1] 

  Optional parameter. This sets the start pixel to display on 
screen. Allowable range is 1 to sensor pixel count. This value 
does not affect the Min, Max, and Mean statistics generated 
at the end of the line output.  

 [x2]  

  Optional parameter. This sets the end pixel to display on 
screen. Allowable range is (x1 + 1) to sensor pixel count. This 
value does not affect the Min, Max, and Mean statistics 
generated at the end of the line output. 

Notes: • If you do not specify a pixel range to display, the line 
output will display all sensor pixels on screen.  

• If a region of interest has been set using the roi 
command, the Min, Max, and Mean statistics at the end of 
the line output include statistics for the region of interest 
only. 

• Values returned are in DN. 
Example: gl 10 20 
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3.12 Optimizing Offset Performance  
Optimizing offset performance in the analog domain allows you to achieve a better 
signal-to-noise ratio (dynamic range) than you would achieve by trying to optimize the 
offset in the digital domain. 

Setting Analog Offset 
To set the analog offset of the camera, use the command: 

Syntax: sao t i 

Syntax Elements: t 

  Tap selection. Allowable values are 1 for one tap or 0 for all 
taps. Since the Spyder2 is a one tap camera, the values 1 or 0 
are interchangeable. 

 i  

  Analog offset value. Allowable range is 0 to 1023. 
Notes: • The offset increases linearly with higher values. A value 

of 100 does not equal an offset of 100DN.  

• The resulting analog offset value depends on other 
camera parameters such as temperature, line rate, and 
gain.  

• The offset for calibrated and uncalibrated video is set and 
saved separately. 

Example: sao 0 200 

Subtracting Offset or Background 
To subtract the video scene offset or any other background from the output video signal, use the 
command: 

Syntax: ssb t i 

Syntax Elements: t 

  Tap selection. Allowable values are 1 for one tap or 0 for all 
taps. Since the Spyder2 is a one tap camera, the values 1 or 0 
are interchangeable. 

 i  

  Subtracted value in a range from 0 to 511. 
Notes: • When subtracting a digital value from the digital video 

signal the output can no longer reach its maximum. Use 
the ssg command to correct for this. See section 3.13 
Setting Gains for details on the ssg command. 

Example: ssb 0 20 
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Subtracting Offset in Calibrated Mode 
You can subtract the A/D offset from the video signal prior to PRNU correction.  

To subtract the A/D, use the command: 

Syntax: sdo t i 

Syntax Elements: t 

  Tap selection. Allowable values are 1 for one tap or 0 for all 
taps. Since the Spyder2 is a one tap camera, the values 1 or 0 
are interchangeable. 

 i  

  Subtracted offset value in a range from 0 to 511. 
Notes: • When subtracting a digital value from the digital video 

signal, the output can no longer reach its maximum. Use 
the ssg command to correct for this. See section 3.13 
Setting Gains for details on the ssg command. 

• Available in calibrated mode only (svm 1). 
Example: sdo 0 100 

Calibrating Offset 
To calibrate the analog offset, use the command: 

Syntax: cao t i 

Syntax Elements: t 

  Tap selection. Allowable values are 1 for one tap or 0 for all 
taps. Since the Spyder2 is a one tap camera, the values 1 or 0 
are interchangeable. 

 i  

  The line average in a range dependent on the current camera 
data mode setting.  
8 bit: 1 to 100DN 
10 bit: 4 to 400DN 
See section 3.11 Returning Video Information for more 
information on line averages. 

Notes: • This command sets offset in uncalibrated mode (svm 0). 
Example: cao 0 100 
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3.13 Setting Gains 
Optimizing gain in the analog domain allows you to achieve a better signal-to-noise ratio 
(dynamic range) than you would achieve by trying to optimize the gain in the digital 
domain. 

To set the analog gain mode, use the command: 

Syntax: sg t f 

Syntax Elements: t 

  Tap selection. Allowable values are 1 for one tap or 0 for all 
taps. Since the Spyder2 is a one tap camera, the values 1 or 0 
are interchangeable. 

 f  

  Gain setting. A gain value of 0 sets the camera to its nominal 
gain (0dB). The allowable gain value range is from –10 to 
10dB. 

Example: sg 0 5.2 

To set the digital gain, following a background subtraction, use the command: 
Syntax: ssg t i 

Syntax Elements: t 

 Tap selection. Allowable values are 1 for one tap or 0 for all 
taps. Since the Spyder2 is a one tap camera, the values 1 or 0 
are interchangeable. 

 i  

 Gain setting. The gain ranges are 0 to 511 (equal to a gain 
from 1 to 1.999). Use this command in conjunction with the 
ssb command. 

Related Commands: ssb 

Example: ssg 1 15 

Calibrating Gains 
Instead of setting the analog gain to a specific value, you can have the camera determine 
the gain value by providing the camera with an average output level to use.  

Note: This function requires a constant light input while it executes. This feature is 
beneficial for achieving a common output level for multiple cameras in a system. 
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To calibrate the analog gain: 

Syntax: cag t i 

Syntax Elements: t 

 Tap selection. Allowable values are 1 for one tap or 0 for all 
taps. Since the Spyder2 is a one tap camera, the values 1 or 0 
are interchangeable. 

 i  

 Line average in a range dependent on the current camera 
data mode setting: 
8-bit: 64 to 251 DN 
10 bit: 256 to 1007 DN 
See section 3.11 Returning Video Information  for more 
information on line averages. 

Notes: • This function requires constant light input while 
executing.  

• This command sets gain in uncalibrated mode. 

Related Commands: gla, gl 

Example: cag 1 156 

3.14 How to Calibrate the Camera 

Calibration Overview 
This camera has the ability to calibrate itself in order to remove non-uniformity in the 
image. This video correction operates on a pixel-by-pixel basis and implements a two 
point correction for each pixel.  This correction can reduce or eliminate image distortion 
caused by the following factors: 

• Fixed Pattern Noise (FPN)  

• Photo Response Non Uniformity (PRNU) 

• Lens and light source non-uniformity 

The two point correction is implemented such that for each pixel: 

Voutput = (Vinput - FPN( pixel ) - digital offset) * PRNU(pixel)  

where Voutput = digital output pixel value 

 Vinput = digital input pixel value from the CCD 

 PRNU( pixel) = PRNU correction coefficient for this pixel 

 FPN( pixel ) = FPN correction coefficient for this pixel 

The calibration algorithm is performed in two steps. The fixed offset (FPN) is determined 
first by performing a calibration without any light. This calibration determines exactly 
how much offset to subtract per pixel in order to obtain flat output when the CCD is not 
exposed. 
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The white light calibration is performed next to determine the multiplication factors 
required to bring each pixel to the required value (balance target) for flat, white output. 
Video output is set slightly above the brightest pixel (depending on offset subtracted). 

For FPN (dark light) the value of all pixels must be between 1DN and 127DN. For PRNU 
(white light) the value must be between 128DN and 254DN. Use the gl command to 
ensure the proper input to the digital processing, Vinput. 

White light calibration will gain up to maximum white light pixel plus the maximum FPN 
subtract pixel. 

When performing any camera calibration, random noise is minimized by averaging out 
up to 64 lines of valid data. To adjust the sample line size, use the css i command, 
where i is 16, 32, 64 (factory setting). A lower value reduces the camera’s calibration time, 
at the expense of increased coefficient error. 

Calibration time Typical 
512 6 sec. 
1024 10 sec. 
2048 19 sec. 
LED blinks green while calibrating. 

Calibration Steps Overview 
1. Change camera video mode to calibrated using the command svm 1 

2. Set up the camera operating environment (i.e. line rate, exposure, gain, etc.) 

3. Make sure there are suitable calibration targets. The target to calibrate should be a flat 
field, e.g. plastic or ceramic for white calibration. 

4. Set the calibration sample size using the command css (see Returning Multiple Lines 
of Video page 26).  

5. Perform Dark (FPN) calibration (see Dark Calibration on page 31). 

6. Perform White (PRNU) calibration (see White Light Calibration on page 32). 

7. Save settings and pixel coefficients using the commands wus and wpc. 

Note: It is important to do the FPN calibration first. Results of the FPN calibration are 
used in the PRNU procedure. We recommend that you repeat the calibration when a 
temperature change greater than 10°C occurs.    
Dark Calibration 
Dark calibration is used to remove the fixed analog offset from the video path. It is 
recommended you repeat the calibration when a temperature change greater than 10°C 
occurs. 

To perform dark calibration: 

1. Stop all light from entering the camera. (Tip: cover lens with a lens cap.) 
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2. Verify that output signal level is within range by issuing the command gl or  
gla (a valid range is 1-127). If the signal level is too low, adjust the analog offset 
(sao). If the signal level is too high, ensure that no light is entering the camera, 
reduce the analog offset or reduce the gain level (sg). 

3. Issue the command ccf. The camera will respond with OK> if no error occurs. Dark 
calibration automatically calibrates FPN coefficients and digital offset. 

To perform a dark calibration with an analog offset value: 

Use the ccf [i] command, where i is the analog offset DN. When the optional 
parameter is provided, this command sets the analog offset first to i before calculating 
the FPN coefficients range from 1 to 100DN for 8-bit data mode, and 4 to 400DN for 
10-bit data mode for the specified region of interest. If value is left blank, current offset 
values are used. 

4. After the calibration is complete, you can save these settings, and the PRNU 
coefficients, to non-volatile memory so they will be remembered after power-down. 
To do so, issue the command wpc. 

White Light Calibration 
White light calibration is more complex than dark calibration because the camera 
attempts to create a flat white image. This calibration corrects PRNU effects as well as 
non-uniform lighting and lens vignetting affects.   

White light calibration requires a clean, white reference. The quality of this reference is 
important for proper calibration. White paper is often not sufficient because the grain in 
the white paper will distort the correction. White plastic or white ceramic will lead to 
better balancing.   

There are several restrictions that must be met in order for the calibration to succeed: 

1. The camera is sufficiently sensitive to detect 60 Hz ambient light flicker which may 
affect camera performance and calibration results. 

2. The light level must be set so that all pixels are between 64DN and 254DN, otherwise 
a warning will be sent stating that the camera could not calibrate all pixels to the same 
level. Use the gl command to determine input level. If the signal level is too low or 
too high, adjust analog gain using the command sg. 

3. The variance in light intensity across the target must not be more than 4 to 1.  Because 
the maximum per-pixel digital gain is 2x, the camera will not be able to compensate 
for extremely non-uniform light. 

These restrictions are all tested within the calibration algorithm and the camera will 
report an informal message code if any of these conditions could not be met.  

To perform a white light calibration: 

1. Place a white reference in front of the camera. 

2. Verify that output signal level is within range by issuing the command gl or gla 
(valid range is 128-254). If signal level is too low or too high, adjust the gain using the 
command sg. 

Note: If your 
illumination or white 
reference does not 
extend the full field of 
view of the camera, 
calibration will not be 
successful. The camera 
will send a warning. 
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3. Instruct the camera to perform a white light calibration using the command ccp. The 
camera will respond with OK> if no error occurs. 

To perform a white light calibration with an analog gain value: 

Use the ccp [i] command. When the optional parameter is provided the analog gain 
is adjusted to produce an average white pixel level that is equivalent to the parameter. 
This command sets the analog gain first to i before calculating the PRNU coefficients 
range from 64 to 251DN for 8-bit data mode, and 256 to 1007DN for 10-bit data mode. 
If value is left blank, current gain values are used.  

4. After the calibration is complete, you can save these settings to non-volatile memory 
so they will be remembered after power-down. To do so, issue the command wpc. 

Returning Calibration Results and Errors 
After calibration, you can retrieve the results using the command dpc. This function 
returns all the pixel coefficients in the order FPN, PRNU, FPN, PRNU… The camera also 
returns the pixel number with each coefficient. 

To set a range for the returned coefficients provide an optional pixel start and end value: 

Example: display pixel coefficient from pixel 10 to 20 

dpc 10 20  

The command gcp returns all other settings. 

3.15 Setting and Reading FPN Coefficients 
You can set or read an individual pixel’s FPN coefficient. 

To set the FPN coefficient, use the command: 
Syntax: sfc i i 

Syntax Elements: i 

 The pixel number from 1 to the pixel count. 

 i  

 Coefficient value in a range from 0 to 127. 

Example: sfc 10 50 

To read the FPN coefficient, use the command: 
Syntax: gfc i 

Syntax Elements: i 

 The pixel number to read. 

Example: gfc 10 
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3.16 Setting and Reading PRNU Coefficients 
You can set or read an individual pixel’s PRNU coefficient. 

To set the PRNU coefficient, use the command: 
Syntax: spc i i 

Syntax Elements: i 

 The pixel number from 1 to the pixel count. 

 i  

 Coefficient value in a range from 0 to 511. 

Example: spc 10 50 

To read the PRNU coefficient, use the command: 
Syntax: gpc i 

Syntax Elements: i 

 The pixel number to read. 

Example: gpc 10 

3.17 Test Patterns and End of Line Sequence 

End-of-line Sequence 
To alleviate post-processing, Spyder2 offers an end-of-line sequence that provides basic 
calculations including "line counter", "line average", "pixels above threshold", "pixels 
below threshold", and "derivative line sum". These basic calculations are the center of 
most automatic gain control (AGC) algorithms.  

To activate the end-of-line sequence, use the command els 1. To disable the end-of-line 
sequence, use the command els 0. 

Use the sut and slt commands to set threshold values between 0 and 255 for 8-bit data 
modes, or 0 to 1023 for 10-bit data modes. 

To further aid in debugging and cable/data path integrity, the first six bits of the output 
of the end-of-line sequence are "aa", "55", "aa". Refer to the table below. 

Location Value Description 

1 A’s 

2 5’s 

3 A’s 

By ensuring these values consistently toggle 
between "aa" and "55", you can verify cabling 
(i.e. no stuck bits) 

4 4 bit counter LSB justified Counter increments by 1. Use this value to 
verify that every line is output 
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Location Value Description 

5 Line sum LSB 

6 Line sum MID 

7 Line sum MSB 

Use these values to help calculate line 
average 

8 0  

9 Pixels above threshold LSB 

10 Pixels above threshold 
MSB 

11 Pixels below threshold LSB 

12 Pixels below threshold 
MSB 

Monitor these values (either above or below 
threshold) and adjust camera gain to keep 
these values relatively constant. This 
provides a basis for automatic gain control 
(AGC) 

13 Derivative line sum LSB 

14 Derivative line sum Mid 

15 Derivative line sum MSB 

Use these values to focus the camera. 
Generally, the greater the sum the greater the 
image contrast 

16 0  

Test Pattern 
The camera can generate a test pattern to aid in system debugging. Use the command 
svm 2 to activate the test pattern. The test pattern is a ramp from 0 to 255DN, then starts 
at 0 again. Use the test pattern to verify the proper timing and connections between the 
camera and the frame grabber. 

3.18 Monitoring the Camera 
The camera is equipped with a red/green LED used to display the operational status of 
the camera. The following table summarizes the operating states of the camera and the 
corresponding LED states: 

LED state Priority Camera 
Status 

Condition 

Blinking RED 1 Error Fatal hardware failure  

Steady RED 2 Warning Monitoring task failure 

Blinking GREEN 3 Progress Lengthy operation in progress 

Steady GREEN 4 OK Healthy 

Note: When more than one condition is active, the LED indicates the condition with the 
highest priority. Error and warning states are accompanied by corresponding messages 
further describing the current camera status. 
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Monitoring Tasks 
The camera enters a warning state when any of camera's continuously running 
monitoring tasks detects a failure. Use the wed i i command, where the first parameter 
is the monitoring task and the second parameter is the enable or disable value, to display 
the status of all the defined monitory tasks (if no parameter is passed) and/or to 
enable/disable specific monitoring tasks. 

Note: If you are performing defect detection down to a single pixel, enabling monitoring 
tasks is not advisable because monitoring can occur during active video and could 
potentially provide erroneous data. 

The following table lists the monitoring tasks: 

Monitoring 
task number 

Cod
e 

MONITORING TASK DESCRIPTION 

0  All Enable/disable all monitoring tasks 

1 1 Voltage Monitoring Monitors all camera voltages  

2 2 Temperature Monitoring Monitors camera temperature 

3 4 External SYNC presence Monitors presence of external SYNC 

4 8 External PRIN presence Monitors presence of external PRIN 

5 16 Gain Out Of Spec 
Monitoring 

Monitors current setting of analog 
gain 

6 32 Line Rate Bellow 1 Khz Monitors current line rate 

Value Function 

0 Disable selected task 

1 Enable selected task 

Note: by default all monitoring tasks are enabled except voltage monitoring. 

Example: enable all monitoring tasks 

wed 0 1  

Example: disable EXSYNC presence 

wed 3 0  

Temperature Measurement 
The temperature of the camera can be determined by using the vt command. This 
command will return the temperature inside the cover in degrees Celsius. For proper 
operation, this value should not exceed 75°C. 

Voltage Measurement 
The command vv checks the camera’s input voltage and internal voltages during power-
up. If they are within the proper range, the camera returns OK>. Otherwise the camera 
returns an error message. Note that the voltage measurement feature of the camera 
provides only approximate results (typically within 10%). They should not be used to set 
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the applied voltage to the camera. The purpose of this test is to isolate gross problems 
with the supply voltages. 

3.19 Rebooting the Camera 
The command rc reboots the camera. The camera starts up with the last saved settings. 
Previously saved pixel coefficients are also restored. 

3.20 Setting the Pre-trigger 
A pre-trigger may be required for some frame grabbers. 

To set the pre-trigger, use the command: 
Syntax: sp i  

Syntax Elements: i 

       Pretrigger value from 0 to 15. 

Example: sp 10  
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4 
Optical, Mechanical, and 
Thermal Considerations 

4.1 Mechanical Interface 
The camera’s electronics are housed in a ruggedized lightweight aluminum case. See 
Figure 9. 

Mounting 
The camera can be mounted using the M3 holes (metric-threaded) on its base or top, and 
on its front plate at the corners. 

Environment 
The camera and cables should be shielded from environmental noise sources for best 
operation. The camera should also be kept as cool as possible. The specified operating 
temperature is 10–50°C measured at the front plate, (the corresponding ambient 
temperature range with still air is 0°C to 37°C). Mounting holes (refer above) allow you to 
attach heat sinking. 

Thermal Management 
For any CCD camera optimal performance is achieved by transferring heat away from the 
sensor. Keeping a sensor “cool” reduces the amount of dark current generated. Dark 
current is the leading contributor to FPN, PRNU, dark offset, random noise and other 
performance specifications, especially when a camera is significantly gained (i.e. +10db). 
Generally, dark current doubles for every 7°C increase in temperature at the sensor and 
increases linearly with integration time. Further variations in dark current cannot be 
compensated for with our flat-field correction algorithms. For this reason, at high gains 
(+10dB), high temperatures (40°C front plate), and low line rates, it is recommended that 
you recalibrate the flat-field coefficients when the temperature shifts by ±10°C.  

Note: Upon initial power-up the front plate camera temperature is near ambient. It is 
recommended to perform flat-field correction once the camera gets within 10°C of its 
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