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 Welcome to the RMV-71 users manual.  Our goal 
is to provide the best possible documentation for the 
RMV cameras and we will update this document with 
your feedback.  We welcome comments and criticism of 
this document.   
 
 This document covers the CMOS RMV-71 cam-
era link camera. 
 
Please direct your comments to:   
  EMAIL:  info@illunis.com 
 
 

 

Specifications subject to change without notice. 
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About illunis: 
 Illunis is a privately held LLC 
located in beautiful Minnetonka Min-
nesota, USA.  Since it’s inception in 
2000 illunis has grown into a tech-
nological innovator in the digital 
camera arena.  We value our cus-
tomers and suppliers and offer state 
of the art products at the industries 
most competitive prices. As a self 
funded company, illunis is a stable, 
reliable source for demanding 
OEM’s who include the most pres-
tigious names in the world.  We in-
vite you to visit us and together we 
can create a prosperous future. 

 
Illunis LLC 
14700 Excelsior Blvd. 
Minnetonka, MN USA 
Zip Code: 55345 
Phone: (952) 975-9203 
Fax: (952) 294-8308 
 
 
Internet 
Web:  www.illunis.com 
Email:  info@illunis.com 
 
Dave Krekelberg:dave@illunis.com 
Scott Elhardt:   scott@illunis.com 
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RMV-71 Release Notes 
 

 Thank you for purchasing the RMV digital camera from illunis.  The RMV camera uses 
the latest technology including the camera link (CL)  and USB-3 with following notes: 
 
 Please note that the RMV-71 does support the output of the full 10,000x7096 sensor 
array.  Limitations due to capture card memory mapping may restrict the maximum raster out-
put.    
 
 The RMV-71 camera does support calibration features including: 

  Column offset balancing for the sensors internal 16 column bus. 
  Black level setting for the analog front end. 
  Column gain for the entire array. 

 Calibration will require optical set up that involves dark and bright fields. 
 
 
 Please note that the specification for the pixel clock of the CHR-70M is 30Mhz.  The 
fundamental limitation is the maximum camera link data rate of 85Mhz.  This limits the maxi-
mum pixel clock speed to 42.5 Mhz, which we provide as an overclock mode.  Operation is 
guaranteed at 30Mhz pixel clock and below.  We are working on extending this to the over-
clock 42.5Mhz operation. 
 
 Some features of the on screen line/column plot are repeated on the image.  These are 
cosmetic and will be fixed in future firmware releases. 
 
 The built in test monitoring of certain internal voltages are not correct and will be fixed 
in a future firmware release. 
 
 POCL cables will work with the RMV-71.   POCL mode is not currently available. 
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RMV Document Revisions 
 
  

 
 
 
 
 
 
 

RMV-71 Precautions 
 
 Do not drop, damage, disassemble, immerse , repair or alter the camera. 
 Applying incorrect power can damage the camera. 
 Do not open the housing of the camera.  The warranty becomes void if the camera is 

opened or modified in any way not approved by illunis. 
 Contact illunis for any questions or problems. 
 

  

Issue Date Modification 

1 11-5-13 Original Document. 

2  Clean up of ‘0x’ hex variables in tables. 
Updated Mode1 register. 
Updated Accelerometer orientation XYZ G readout. 

3 11-20-13 Added Flat Field Correction Instructions 

4 3-7-14 Added Firmware revision (last page) 
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RMV-71 Quick Start:  
 
The RMV-71 is a camera link device that needs: 
 
 6-12V DC Power to the hirose 6 pin connector. 
  
 A Base mode or Medium mode camera link capture card 
 (Coreco PX4 or Matrox Helios have been tested) 
 
 One or two camera link cables (Mini HDR to SDR) rated at 

85Mhz or more. (Two cables for medium format). 
 
 F-Mount lens (A really good lens for 3.1um pixels !) 
 
 Illunis Control (GUI) application (Download from web site) 
 
 This RMV-71 Manual. 
 
To get started imaging with the RMV-71 do the following 
 
 Install your capture card and software. 
 
 Install the illunis control program. 
 
 Unpack the RMV-71, install the lens. 
 
 Connect the RMV-71 power cable.  Make sure the DC ground 

of the power cable is the same as the DC ground of your cap-
ture card (PC).  If they are not you may get a “ground loop” 
that could damage your camera ! 

 
 Connect the RMV-71 camera link cables as shown on page 

19. (Looking from the front/lens the left connector is base, the 
right connector is medium). 

 
 Power the RMV-71.  The OLED display will show the boot se-

quence and display information about the camera configura-
tion. 

 
 Run the capture card application to begin imaging. 
 
 Run the control GUI application to change camera settings. 
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RMV-71 Quick Start Continued:  
 
Features to explore: 
 
 71Mpixel at 4.2fps !  That’s 340Mpixel per second at 12bits per pixel, 4Gbit/sec. 
 
 You can change the readout window size and position .  Changing the size will 

increase the frame rate.  You can set the readout window to HD-4K at ~30fps !  
(See page 10). 

 
 Image exposure can be set to times longer than readout.  This will slow the 

readout and the effective frames per second. 
 
 The camera can be triggered from the camera link or the external power cable. 
 
 The camera requires dark field and bright field image calibration to eliminate sen-

sor column artifacts. 
 
 On screen and OLED displays show vital information about camera operation. 
 
 Digital gain and offset, as well as histogram equalization is provided for quick im-

age setup. 
 
 Exposures are set in line times…. The small the line the shorter the exposure. 
 
 Your capture card can be used to flip or rotate the image. 
 
 
 
Please read the following manual and send your comments to info@illunis.com ! 
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Chapters: 
1 RMV-71 Overview 
2 Hardware 
3 Software GUI 
4  Image Exposure 
5  Image Processing 
6  Image Detectors 
7  On Screen Displays 
8  Camera Link 
9  Timing Tables 
10 FAQ’s 
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The RMV-71 camera incorporates the CMOSIS CHR70M-
sensor.  details: 

 
Sensor Features 

 
10,000 x 7096 active pixels with a 3.1um pitch 
Frame rate at full resolution is 4 Frames /sec. 
Windowing capability in 16x8 pixel increments. 
Moving window capability 
Selectable pixel clock from two sources (30, 42.5Mhz) 
8 analog outputs digitized to 12bits. 
On chip timing for free run and trigger modes. 
Mono or Bayer pattern output  
 

Sensor Specifications 
 
Full well charge: > 13ke 
Sensitivity:  0.15 A/W (@555nm) 
Dark Noise: 7E 
Conversion factor: ~63 uv/e 
Dynamic range:  63dB 
Dark Current: 3.2e/s @ room temperature 
Fixed Pattern noise:  0.09 (% of full swing) 
 

Camera Features 
 
Data output in camera link base mode or medium format. 
Frame rates to maximum camera link data speed (85Mhz) 
3-point mounted sensor in CNC machined case. 
F-Mount lens is standard,  other mounts available. 
Color and monochrome sensors supported 
Internal defect correction for Pixels, Rows, Columns. 

1.0: RMV Overview 
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RMV-71 Performance:  
 
The RMV-71 is user selectable in base and medium format camera link outputs. 
 Base mode is limited to 2 channels of data at 85Mhz = 170Mpix/s. 
 Medium mode outputs 4 channels of data at 85Mhz = 340Mpix/s. 
 
Medium mode can be selected to run at manufactures specified speed of 30Mhz per 
tap giving a clock rate of 60Mhz and a full frame rate of ~3fps. 
 
Medium mode can also be selected to run at and overclocked speed of 42.5Mhz per 
tap giving a clock rate of 85Mhz and a full frame rate of ~4fps. 
 
All data rates can be output as 8, 10, or 12bits per pixel. 
 
Sample frame rates for various windowing is shown below: 
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RMV-71 Camera link output block diagram:  

CMOSIS  
CHR70M 

 
10,000 x 7096 
CMOS Sensor 

 
8 Analog outputs 
driving 8 (12bit) 

ADC’s 

RMV-71 
FPGA 

RMV-71 
uProc 

CL Medium 

Accel. 
Sensor 

Temp  
Sensor 

CL Base 

Gyro 
Sensor 

Light 
Sensor 

Power and Bias 

External 
Trigger and 

Strobe 

EEPROM OLED Display 
LED’s 

Buttons 

CLK’s 

 The RMV-71 sensor output data as 8 analog taps.  Each tap is digitized with a 
analog to digital converter (ADC) with 12bit precision.  Each ADC is programmable in 
gain, offset, data phase, sensing phase.  (Typically the user never has to adjust the 
ADC). 
 
 The RMV-71 FPGA reorders the tap data into two paths of pixels (odd and even) 
and outputs the pixels onto a camera link bus.  The output data can be formatted to 
camera link base mode (2 (12bit) pixels per clock) or camera link medium mode (4 
(12bit) pixels per clock).   The camera link interface includes trigger and serial commu-
nications. 
 
In addition external trigger and strobe are provided on the power connector. 
 
 The on board microprocessor controls sensor and FPGA operation as well as 
monitoring the various sensors within the camera.   Critical operating information is pro-
vided on the OLED display. 



 

RMV-71 Operations  Copyright illunis LLC,  3/12/2014 Page 12 



 

RMV-71 Operations  Copyright illunis LLC,  3/12/2014 Page 13 

RMV-71 Specifications:  

Item RMV-71 

Active Image 10,000 x 7096 (Windowing optional) 

Sensor Type CMOSIS CHR70M 

Pixel Size 3.1um x 3.1um 

Sensor output 8 taps 

Video output 8/10/12 bits  

Output format Mono or Bayer 

Camera Interface Base or Medium format Camera link 

Electronic shutter Rolling shutter with Global reset 

Max Frame Rate at Full Res. 4 fps (medium CL) 2 fps (base CL) 

Pixel Clock 30/40Mhz 

Shutter Speed Increments of one line time. 

Windowing H increments of 16 columns, V increments of 8 rows 

Black Level Adjustable 

Analog Gain 1X ~ 40X 

Digital Gain 1X-16X (1/4096 step) 

Exposure modes Programmed free run, Programmed triggered 

External Trigger 3.3-5.0V TTL 

Software Trigger Per Camera API 

Dynamic Range 63dB 

Defect Correction Pixel + Column + Row 

Flat Field Correction Column Gain, Tap offset 

Lens Mount F-Mount, Canon-EF, Large Format Copal, Custom 

Power 6-14V DC,  Max 8W 

Environmental Operating TBD,  Storage –40C to +85C 

Vibration/Shock 10G (20-200Hz) XYZ 70G 10ms 
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The RMV-71 camera is completely field upgradable for all firmware using our free 
GUI control application.   Go to www.illunis.com and click on software. 

 
For more information please call at (952) 975-9203 or email: info@illunis.com 

1.1: RMV Overview 
Firm Ware Updates 

1.2: RMV Overview 
Warranty 

 Warranty.  illunis warrants that all products will perform in normal use in ac-
cordance with specifications for a period of one year from date of shipment.  This 
warranty does not cover failure due to those mechanical and electrical causes de-
fined below as liability of the customer.  If the device does not function properly dur-
ing the warranty period, illunis will at it’s option, either repair or replace the unit.  In 
the case of replacement, illunis reserves the right to re-use the original CCD serial 
number if found to be performing to specification.  Illunis does not warranty glassless 
CCD’s. Please refer to the terms and conditions included with your quotation for full 
warrantee information. 
 
 Returns.  Products will be considered for replacement for up to one year from 
the date of shipment.  All returns require an RMA number.  No returns will be accept-
ed without an RMA number.  Returns will be re-tested against the device acceptance 
criteria and if found to meet those criteria will be shipped back to the customer at the 
customer’s expense. 
 
All returns should be sent to: 

 Illunis LLC 
 Attn:  RMA coordinator 

 15713 Elodie Lane 
 Minnetonka, MN  55345 

 (952) 975-9203 
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1.3: RMV Overview 
Compliance 

 The RMV-71 is tested to comply with the following: 
 
Coming Soon ! 
 
 
 

 

1.4: RMV Overview 
Power Consumption 

 
 The RMV-71 can operate in the following modes with estimated power: 
 

  Base mode at 20Mhz pixel clock = 4.2W @ 12VDC 
 
  Medium mode at 30Mhz pixel clock = 5.2W at 12VDC 
 
  Medium mode at 40Mhz pixel clock = 6.2W at 12VDC 

 
 All measurements at full readout (10,000x7096) 
 
 Note:  At lower input voltage the power draw is slightly higher. 
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2.0 Hardware Overview 
2.1 Case 
2.2 CAD Models 
2.3 Cables 
2.4 Considerations 
2.5 Options 
2.6 Optics 
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2.0: Hardware 
Overview 

Exploded View showing Lens mount, Optical Filter, Circuit board and assembly screws. 
 

 The RMV-71 case is constructed of aircraft grade aluminum and is CNC machined.  The lens 
mount is designed for Nikon F-Mount lens and can be removed and/or replaced with alternate lens 
mounts.  The case does not incorporate a fan, however at maximum power the camera will draw ~6W. 
The camera incorporates a OLED graphical display as well as LED’s and two buttons for user interac-
tion. 
 
Drawings follow:   
Dimensions are in mm [inches] 

F-Mount 
Ring 

Optical Filter for 
sealed sensor  

chamber 

Removable 
Lens mount 

CNC Machined  
Case 

Status LED’s OLED  
Display 

(Backside) 

Mode  
Buttons (2) 

3-Point 
mounted 
Sensor 

Features of the RMV-71 camera 
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Three View 
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Top view Bottom view 

OLED Menu 
Select Button 

Status and 
Motion LED’s Mode Select 

Button 
Power  

Connector  

Camera Link 
Base Camera Link 

Medium 



 

RMV-71 Operations  Copyright illunis LLC,  3/12/2014 Page 20 

CAD Models Detailed Drawings 
 
 The RMV case dimensions can be provided as a manufacturing drawings and as a solid model 
that can be imported into almost any CAD system.  For access to these drawings please contact illunis 
at www.illunis.com ,  Phone (952) 975-9203, or email: info@illunis.com 
 
CAD Models supported are STEP, IGES, ProE native, and many others 

2.2: Hardware 
CAD Models 

H
R

S
 

2.3: Hardware 
Power Connector 

Pin Number Signal Type Description 

1 +6 to +12V DC Power DC Power in 

2 DC Ground Power DC Ground 

3 Trigger Input TTL Trigger 

4 Strobe Output TTL Strobe 

5 PCRX Output UART TX 

6 PCTX Input UART RX 

For customer that wish to build their own 
power cable the mating connector is a 
Hirose HR10A-7R-6B.  Hirose has sever-
al connectors that will mate with the cam-
era. 
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2.3.1: Hardware 
Power Cable Drawings 

A generic power cable is available as PN 21-01429.  This cable can be 
sourced through Components Express as PN CC C114. (http://

www.componentsexpress.com/) 

A generic power cable supply is available as PN 21-01164.  This can be 
sourced through Components Express as PN CC C1080-XXM. (http://

www.componentsexpress.com/) 
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2.3.2: Hardware 
Camera Link Cables  

 
 The RMV-71 uses the camera link standard cables.  The camera end of the cable is the HDR/
SDR female connector.  We recommend you use the following link to configure and purchase your ca-
ble.  http://www.componentsexpress.com/Configurator.aspx?cnfi=1 
 
The following example 5M cable configurations have been tested and are supported: 
(POCL = Power Over Camera Link) 
 
 
 Base mode: 
   
  Standard MDR:  MVC-1-1-5-5M 
  POCL:   MVC-1-4-5-5M  (In testing) 
   
 
 Medium mode: 
   
  Standard MDR:  MVC-1-1-5-5M x 2 
  POCL:   MVC-1-4-5-5M x 2 (in testing) 
   
 
You will need to verify that the cable you select can operate at 85Mhz speed to use the full bandwidth of 
the camera link base/medium interface. 

http://www.componentsexpress.com/Configurator.aspx?cnfi=1
http://www.google.com/imgres?start=113&client=firefox-a&hs=6fF&sa=X&rls=org.mozilla:en-US:official&biw=1942&bih=1246&tbm=isch&tbnid=UavqV1KGtlxeJM:&imgrefurl=http://www.ricoh.com/fa_security/option/&docid=8Fc9tpQFKktyrM&imgurl=http://www.ricoh.com/fa_sec
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2.4 Hardware 
Optional Tripod Mount 

An optional tripod mounting brack-
et is available for the RMV-71.  il-
lunis PN 26-01816 
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2.5: Hardware 
Considerations 

● Do not open or disassemble the camera case or electronics as there are no 
user adjustments within the camera.  This will void your warrantee. 
 

● Care must be taken in handling as not to create static discharge that may 
permanently damage the device. 
 
● Do not apply power with reversed polarity at this may render the camera  
non functional and void your warrantee. 
 

● Camera Link is a DC based interface.  The camera and capture device must 
share the same electrical ground.  Failure to do so will destroy the camera link 
interface chips and/or camera and capture card. 
 

Absolute Maximum Ratings 
Input Voltage: 6 to 16V DC 
Storage Temperature: -40C to +70C 

 
Recommended Maximum Ratings 
Input Voltage: 6 to 14V DC 
Operating Temperature: -20C to +60C 
Most cameras operate beyond these temperature limits, please call illunis for details. 

 
Recommended Operating Conditions 
Input Voltage: 7-12V DC 
Operating Temperature -5C to 85C 
Relative humidity should not exceed 80% non-condensing 

 

Thermal interface 
The RMV camera contains many advanced circuits and performs at very high clock speeds and thus 
requires careful consideration for thermal cooling.  The camera should be used either with a lens and/
or a solid mechanical mount that acts as a heat sink. 
 

Power Consumption 
The RMV camera was designed to be as small as possible and as such has a high energy density.  
The various operating modes of the RMV will change the power consumption from the base line.  In 
particular the binning and partial scan modes require more power.   The triggered modes are lowest in 
power when the camera is waiting for a trigger.  Special versions of the RMV with lower clock speeds 
are available with lower power consumption. 

 
Special notes for Rugged environmental use 
 The RMV cameras are designed using military 0.6 stress ratings on all passive components 
and uses industrial temperature range active components when ever possible.  The RMV is assem-
bled using standard commercial techniques that DOES NOT HARDEN the mechanical components 
against vibration.   It is highly recommended that any use of  the RMV in any application that requires 
high vibration and temperature ranges that the hardware be inspected and modified using adhesives 
to retain the mechanical components. 
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2.5: Hardware 
Options 

 
 The RMV-71 can be customized in following: 
 
 Case Options: 
  Without the F-Mount lens for OEM use. 
 
  Without the case as a bare PCB for OEM use. 
 
 Lens Mount Options: 
  No lens mount.(as above) 
 
  Canon EF lens mount and controller from Birger engineering. 
  (Provides focus and iris control of many canon lens). 
 
  Large format lens using custom Copal-0 Mount. 
  (Provides integrated mechanical shutter and iris). 
 
  Custom designed lens mount.  (Contact illunis) 
 
 Sensor Options: 
  RGB Bayer with micro lens,  D263 AR Coated cover glass. 
 
  Mono with micro lens, D263 AR Coated cover glass. 
 
  Mono with out micro lens, D263 AR Coated cover glass. 
 
 Other Options: 
  Tripod mount. 
 
  Over clocking 
 
  Mechanical shutter and IRIS 
 
  Custom features (our specialty !) 
 
 
 
 For option availability contact info@illunis.com  or sales@illunis.com 
 
  
 Do you need a Gigapixel camera using this sensor ?  Contact dave@illunis.com ! 
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2.6: Hardware 
Optics and Lens Considerations 

 
 The CMOSIS CHR70M sensor is slightly smaller than the standard 35mm format.  The 
CHR70M has a diagonal of 38mm vs the 43.3mm diagonal of the 35mm format.  This results in an in-
crease in effective focal length of  43.3/38 = 1.14X. 
 
Thus: 
 a 50mm focal length lens for a 35mm camera will have an effective 57mm focal length. 

Full Frame 35mm format sensor (36x24mm) 

CHR70M  sensor (31x22mm) 

 
 The CMOSIS CHR70M sensor pixel size is quite small for a large sensor at 3.1um pitch. This 
presents a challenge for the selection of a lens. Some of the best lens we have tested are these from 
Edmund optics: 
 
http://www.edmundoptics.com/imaging/imaging-lenses/techspec-lenses/large-format-fixed-focal-length-
lenses/3518 
 
Other lens to consider are: 
 
 http://www.edmundoptics.com/imaging/imaging-lenses/techspec-lenses/high-resolution-large-format-
lenses/3339 

http://www.edmundoptics.com/imaging/imaging-lenses/techspec-lenses/large-format-fixed-focal-length-lenses/3518
http://www.edmundoptics.com/imaging/imaging-lenses/techspec-lenses/large-format-fixed-focal-length-lenses/3518
http://www.edmundoptics.com/imaging/imaging-lenses/techspec-lenses/high-resolution-large-format-lenses/3339
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2.7: Hardware 
Display and LED’s  

 
 The RMV-71 camera includes a OLED display for indicating camera functionality.  The display 
has several screens that can be selected in software or by using a button on the top of the camera. 
 
 The camera also incorporates an internal accelerometer and gyroscope to measure motion.  
This is useful for indicating that the camera is in motion and the image may be blurry.  The three LED’s 
at the top of the camera flash with increasing intensity in proportion to the motion.   
 
 The OLED display will update during firmware load to indicate progress. 
 
 These features can be disabled to lower power and noise in the image. 
 

Top view 

OLED Menu 
Select Button 

Status and 
Motion LED’s Mode Select 

Button 

OLED Menu 
Select Button 
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3.0 Software Overview 
3.1 Serial Interface 
3.2 Command packets 
3.3 Command Table 
3.4 System Status 
3.5 Baud Rate 
3.6 Graphical User Interface 
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3.0: Software ICD 
Overview 

3.1: Software ICD 
Serial Interface 

SERIAL INTERFACE PROTOCOL 
 
Implementation 
Camera communication is accomplished via asynchronous serial communication according to EIA 
Standard RS 232 C through the Camera Link cable. 
 
Data rate:  Full Duplex, 9600 baud. 
 1 START bit. 
 8 DATA bits – The LSB (D0) is transfered first. 
 1 STOP bit. 
 No parity. 

 
 The RMV software interface (commonly called a Inter-Connect-Description or ICD) was devel-
oped for high reliability applications.  The ICD incorporates error checking and a handshake protocol 
which responds with either a positive or negative acknowledge signal.  The communication path from 
frame grabber to the RMV is through the Camera Link cable.  The Camera Link committee has specified 
that devices connected must first communicate at 9600 baud.  This default baud rate is certainly very 
slow for devices such as the RMV camera.  The RMV has a selectable baud rate for faster communica-
tion speeds. 
 
 The RMV microprocessor is a flash programmable device with many features vital to the opera-
tion of the RMV camera.  Some of these include: 
 A hardware UART used for serial communications.   
 A watchdog timer used to monitor communication errors and system faults.   
 Onboard RAM and EEPROM for saving camera settings 
 Parallel data bus for high speed interfaces to the FPGA and NAND FLASH memories 
 Brown out detection and reset 

Camera 
Capture  
Device 

Command with checksum 

Data and/or ACK/NACK 
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3.2: Software ICD 
Command Packets 

Protocol 
 

 The camera is controlled through command packets.  The camera is considered a slave device and never generates 
data without a read request.   The data packet formatting is described in detail below – note That the checksum is calculated 
only on the 4 ascii characters comprising the Data. 

 
Data Packets 
 Data packets are of either ‘read’ or ‘write’ types.  For example to read the camera serial number, the packet sent to 
the camera would be {r07000002fe} to which the camera would respond by issuing an acknowledge character ! followed by the 
response {r0700sssscc}, where ssss is the camera serial number and cc is the checksum calculated in hex as 0x0100 – ( ss 
(high byte hex) + ss (low byte). 

      Packet Format 
1 Char 2 Char 2 Char 2 Char 4 Char 2 Char 1 Char 1 Char 

Start Command Target Index Data Checksum End Ack/Nack 

Start: 
Indicates the Start of the frame 

 Size = 1 ascii character 
 Value = 123 Decimal (ascii { ) 
Command:  

Command descriptor 
 Size = 1 ascii character 
 Value = 114 Decimal (ascii r ) for Read 
 Value = 119 Decimal (ascii w ) for Write 
Target: 

Command descriptor 
 Size = 2 ascii characters 
Index: 

Command descriptor 
 Size = 2 ascii characters 
Data:  

The data transferred 
 Size = 4 ascii characters 
 
Checksum of Data only (default) 
 Size = 2 ascii characters -  Intel-Standard - two’s 
 compliment of sum of data. 

 
Example1:  Data = 2002, checksum = lower byte of 
(0x100 – (0x20 + 0x02)) = 0xde 

Example2:  Data = 0000, checksum = lower byte of 
(0x100 – (0x00 + 0x00)) = 0x00 
Example3:  Data = fef0, checksum = lower byte of 
(0x100 – (0xfe + 0xf0)) = 0x12 
 

Checksum of Command and Data: 
 checksum( comandindex ) + checksum( data) 
    

Example4:  Command = 0400,  data = 0x0001 
(0x100 – (0x04 + 0x00)) = 0xFC 

 (0x100—(0x00 + 0x01)) = 0xFF 
 
 Checksum = lower byte of  0xFC + 0xFF => 0xFB 
 
End Indicates the End of the frame 
 Size = 1 ascii character 
 Value = 125 Decimal (ascii } ) 

 

Ack/Nack 
Positive acknowledge - Negative acknowledge 

 Size = 1 ascii character 
 Ack Value = 33 Decimal (ascii ! ) 

Nack Value = 63 Decimal (ascii ? ) 

COMMAND DESCRIPTIONS 
 
Read Command Structure 
The camera parses the sequence byte by byte.  An invalid read 
command, target or index will cause the camera to issue an 
NACK.  The Host (You)  will generate dummy data with a valid 
checksum then an end.  The camera will respond with an ACK 
and re send the command with valid data and checksum.  If the 
Host detects an error, it will re issue the command. 
 
Host {r tt ii 0 0 0 0 cc}, camera issues !  
Camera issues {r tt ii data data data data cc} (NOTE no ACK) 
 

 

Write Command Structure 
The camera parses the sequence byte by byte.  An invalid 
write command, target, index or checksum will cause the cam-

era to issue a NACK, otherwise the write sequence will com-
plete and the camera will issue an ACK after the command has 
been executed.  The camera receives the checksum from the 
Host. 
 
Host  {w tt ii data data data data cc} camera issues ! 
 

Error Checking 
The camera parser is character by character and will respond 
with an immediate NACK if any unrecognised command, tar-
get, index or checksum occurs. 

 

Communication Timeouts 
The camera micro controller uses a hardware watchdog timer 
that will time out if the time between bytes are longer than ???
ms.  When sending command frames to the camera the host 
must not have significant delays between bytes sent.  
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3.3: Software ICD 
Command Table 

Target Index Description Read 
Write 

Modes 

    Camera Control     
0x04 0x00 Camera link R/W 0x0000 = Base Mode 

0x0001 = Medium Format  

0x04 0x03 Trigger Mode Select R/W 0x0000 = Free Run 
0x0001 = Trigger Program Exposure 
0x0009 = Trigger Source CL 
0x000a = Trigger source External  

0x5C 0x10 Window Y Start R/W Location in pixels,  will be rounded to nearest 
8th row. 

0x5C 0x11 Window X Start R/W Location in pixels,  will be rounded to nearest 
16th column. 

0x5C 0x12 Window Y Stop R/W Location in pixels,  will be rounded to nearest 
8th row. 

0x5C 0x13 Window X Stop R/W Location in pixels,  will be rounded to nearest 
16th column. 

0x5E 0x00 Full readout W Sensor 10,000x7096 output 

0x5E 0x01 Pre-set Window W Window 1920x1080 in center of sensor 

0x5E 0x02 Pre-set Window W Window 3830x2160 in center of sensor 

0x5E 0x03 Pre-set Window W Window 640x480 in center of sensor 

0x5E 0x04 Pre-set Window W Window 7680x4320 in center of sensor 

0x5E 0x05 Pre-set Window W Window 256x256 in center of sensor 

0x5E 0x06 Pre-set Window W Window 1024x1024 in center of sensor 

0x5E 0x07 Pre-set Window W Window 2048x2048 in center of sensor 

0x5E 0x08 Pre-set Window W Window 4096x4096 in center of sensor 

0x5E 0x09 Pre-set Window W Window 7096x7096 in center of sensor 

0x5E 0x0A Pre-set Window W Window 10000x1080 in center of sensor 

0x5E 0x80 Set Window readout W Must setup X/Y Size as below 

0x5E 0x81 Set Window X size W Sets width of centered window 

0x5E 0x82 Set Window Y size W Sets height of centered window 

0x60 0x00 Low noise function W Stops internal sensors and disables OLED 

0x60 0x01 Normal function W Restores all functionality 
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0x04 0x06 Test Pattern 
  

W 0x0000 = Normal Video 
0x0001 = FPGA Input Test Pattern 
0x0002 = Output Test Pattern 

0x04 0x07 Camera Temperature R   

0x04 0x09 Baud Rate W 0x0000 = 9600 
0x0001 = 19200 
0x0002 = 38400 
0x0003 = 57600 
0x0004 = 115200 

0x04 0xD2 Set Camera Link Boot 
Baud Rate (Requires re-
boot) 

R/W 0x0000 = 9600 
0x0001 = 19200 
0x0002 = 38400 
0x0003 = 57600 
0x0004 = 115200 

0x04 0x1c Defect Correction (DC) W 0x0000 = Load/Enable Pixel DC 
0x0001 = Load/Enable Column DC 
0x000A = Load/Enable Row DC 
0x0005 = Disable Pixel DC 
0x0004 = Disable Column DC 
0x000B = Disable Row DC 

0x04 0x24 Digital Gain R/W In units of 1/4096 gain 
Example 0x1000 = 1X gain 
0xC800 = 12.5X gain 

0x04 0x30 Digital Offset R/W Signed value 
0x0100 = offset of +256 
0xFEFF = offset of –255 

0x04 0x38 Digital Gain/Offset Enable R/W 1 = enable, 0 = disable 

0x04 0x0d Bit Depth W 0x0000 = 12 bit mode 
0x0001 = 10 bit mode 
0x0002 = 8 bit mode 
0x0003 = Enable bottom 8 bits 
0x0004 = Disable bottom 8 bits 

0x04 0x0e Strobe Control 
  

W 0x0000 = negative strobe polarity 
0x0001 = positive strobe polarity 

0x04 0x11 OSD lines W 0x0000 disable 
0x0001 line plot 
0x0002 column 
0x0008 line display 
0x0009 filled display 
0x000a enable color mode 
0x000b disable color mode 

0x04 0x12 Line Plot Offset R/W   

0x04 0x13 Line Plot Scale R/W   

0x04 0x14 Line Plot Line of Interest R/W   



 

RMV-71 Operations  Copyright illunis LLC,  3/12/2014 Page 33 

0x04 0x15 OSD Text W 0x0000 disable text overlay (All) 
0x0001 enable OSD (Detectors) 
0x0002 update display window 
0x0003 enable 2X text size 
0x0004 enable 1X text size  
0x0005 enable OSD (Raster) 
0x0006 enable OSD (Revision) 
0x0007 enable OSD (Frame)  
0x0008 enable OSD (GNU detector)  
0x0009 enable OSD (AE)  

0x04 0x16 OSD Text Window X location R/W   

0x04 0x17 OSD Text Window Y location R/W   

0x04 0x19 Show Detectors W 0x0002 = AE Window 0x0003 = AF Win 
0x0007 = AF Data 
0x0009 = disable 

0x04 0x1a Read Detectors R 0x0002 = AE Window 0x0003 = AF Win 
0x000a = Frame Counter 
0x000d = Number of saturated pixels 

0x04 0x1b System Registers R 0x0000 = Read Pixels/line 
0x0001 = Read Active pixels/line  
0x0002 = Read Lines per frame 
0x0003 = Read Active lines per frame  
0x0008 = LVAL Start  0x0009 = Stop 
0x000a = FVAL Start  0x000b = Stop 
0x000d = FPGA Revision 
0x0012 = Read Exposure value low 
0x0013 = Read Exposure value hi 
0x0014 = Read CRC 
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0x04 0xFF Base Reset W Resets camera mode to: 
     free  
     no line or text displays, no LUT, no PDC,  
     no digital gain or offset,   no test pattern,  
     reset the LVAL and FVAL defaults. 
     enable strobe in free run mode 
     

0x04 0xD8 Checksum Mode 
(Cleared on restart) 

W 0x0000 = Checksum of data 
0x0001 = Checksum of command and data 

    Camera Mode and Status 
0x05 0x00 Camera mode/status R 0x0000 = read mode register 1 

0x0001 = read mode register 2 
0x0002 = read mode register 3 
0x0003 = read mode register 4 
0x0005 = read status register 1 
0x0006 = read status register 2 

    Camera Configuration     
0x07 0x00   R 0x0000 = Camera Model 

0x0001 = Camera Hardware rev 
0x0002 = Camera Serial Number 
0x0003 = Micro firmware rev 
0x0004 = FPGA major revision 
0x0005 = Sensor Serial Number 
0x0006 = Clock Rate 
0x0007 = FPGA Sub/minor  revision 
0x0008 = Micro Sub/minor  revision  
0x0009 = Camera type 
0x000A = FPGA Clk Speed  
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Exposure Control 
0x02 0x00 Set Trigger Time MS R/W ms  

0x02 0x01 Set Trigger Time US R/W us 

0x02 0x02 Set Free Run Time MS R/W ms  

0x02 0x03 Set Free Run Time US R/W us 

     

0x02 0x05 Soft Trigger  Time W Software trigger in ms 

0x02 0x06 Set trigger high W Sets internal trigger high (active) 

0x02 0x07 Set trigger low W Sets internal trigger low 

     

     

    Memory Management     

0x03 0x00 Save Camera State W Wait for acknowledge before re-
moving power 

0x03 0x00 Save Camera State in Back-
ground 

W Returns immediately, operates in 
background. 

0x03 0x02 Restore Factory State W Wait for acknowledge before re-
moving power 

0x03 0x03 Copy User to Factory W Wait for acknowledge before re-
moving power 

0x03 0x09 Reset EEPROM CRC W  

0x03 0x0d EEPROM Word R/W 0xaaaa = address 
Read address directly 
Write data word to 030c then 
write 030d with address 

0x03 0x0e EEPROM Byte R/W 0xaaaa - address 
Read address directly 
Write data byte to 030c then write 
030e with address 
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System status can be read from mode registers 

and from the system built in test status register. 

 
 
 
 

Serial Commands   

Target Index Command R/W Description 

0x04 0x1b System Registers R 0x0000 = Read Pixels/line 
0x0001 = Read Active pixels/line (in LVAL) 
0x0002 = Read Lines per frame 
0x0003 = Read Active lines per frame (in FVAL) 
0x0008 = LVAL Start 
0x0009 = LVAL Stop 
0x000a = FVAL Start 
0x000b = FVAL Stop 
0x000d = FPGA Revision 
0x0012 = Read Exposure value low 
0x0013 = Read Exposure value hi 
0x0014 = Read CRC 

0x07 0x00 Camera  
Parameters 

R 0x0000 = Camera Model 
0x0001 = Camera Hardware rev 
0x0002 = Camera Serial Number 
0x0003 = Micro firmware rev 
0x0004 = FPGA major revision 
0x0005 = Sensor Serial Number 
0x0006 = Clock Rate 
0x0007 = FPGA Sub/minor  revision 
0x0008 = Micro Sub/minor  revision  
0x0009 = Camera type  
0x000A = FPGA Clk Speed   

Quick FAQ’s: 
►These commands are very useful for determining 

the state of the camera. 
►The FPGA major and minor revision should be 

checked by application software to match with ex-
pected levels. 

►The clock rate must be divided by 100 

3.4: Software ICD 
System & Status 
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Serial Commands   

Target Index Command R/W Description 

0x07 0x00 Camera  
Parameters 

R 0x0000 = Camera Model 
0x0001 = Camera Hardware rev 
0x0002 = Camera Serial Number 
0x0003 = Micro firmware rev 
0x0004 = FPGA/Timing Generator rev 
0x0005 = Sensor Serial Number 
0x0006 = Clock Rate 
0x0007 = FPGA sub revision 

0x05 0x00 Camera mode and  
status registers 

 0x0000 = read mode register 1 
0x0001 = read mode register 2 
0x0002 = read mode register 3 
0x0003 = read mode register 4 
0x0005 = read status register 1 
0x0006 = read status register 2 
 

3.4: Software ICD 
System & Status Continued 
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Status Register Bit Assignments 

 
typedef struct     // Status Register 1 
 { 
 unsigned int 
 WDT_ENABLED:  1,  //1 = WDT enabled BIT 0 
 XIL_CONFIG:  1,  //1 = Xilinx config failed 
 BROWNOUT:   1,  //1 = Brownout reset 
 PWR_NORMAL:  1,  //1 = Normal power up reset 
 
 WDT_RESET:    1,  //1 = WDT timeout 
 UART_ERR:      1,  //1 = UART ERROR 
 VSYNC_TIMEOUT:     1,  //1 = VSYNC timeout received 
 DCM_TIMEOUT:  1,  //1 = DCM timeout 
 
 HW_DCM_LOCKED:  1,  //1 = DCM Locked 
 S1_B9:   1,  // 
 VAFE_ERR:   1,  //1 = AFE 1.8V error 
 V3_ERR:   1,  //1 = 3V Switcher error 
 
 VIN_ERR:   1,  //1 = 12V input error 
 V5_ERR:   1,  //1 = 5V Switcher error 
 VF_ERR:   1,  //1 = FPGA 1.2 or 2.5V Error 
 FACT_CRC_ERR:  1;  //1 = 
 
    }status_register1_t; 
 
typedef struct     // Status Register 2 
 { 
 unsigned int 
 ADC_VID1_SAVE_FAIL: 1,  //1 = ADC 1 state save fail 
 ADC_VID2_SAVE_FAIL: 1,  //1 = ADC 2 state save fail 
 ADC_VID3_SAVE_FAIL: 1,  //1 = ADC 3 state save fail 
 ADC_VID4_SAVE_FAIL: 1,  //1 = ADC 4 state save fail 
 
 PIO_SAVE_FAIL:  1,  //1 = PIO state save fail 
 IBIT1_COMP:  1,  //1 = IBIT1 Complete 
 S2_B6:     1,  // 
 S2_B7:     1,  // 
 
 S2_B8:     1, 
 ADC_VID5_SAVE_FAIL:  1,        //1 = ADC 5 state save fail 
 ADC_VID6_SAVE_FAIL:  1,  //1 = ADC 6 state save fail 
 ADC_VID7_SAVE_FAIL: 1 ,  //1 = ADC 7 state save fail 
 
 ADC_VID8_SAVE_FAIL:  1,  //1 = ADC 8 state save fail 
 S2_NAD:     1,  //1 = 
 AE_ERR:     1,  //1 = 
 USER_CRC_ERR:  1;  //1 = 
 
    }status_register2_t; 
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Mode Register Bit Assignments 

typedef struct    // Mode Register 1 = READOUT 
 { 
 unsigned int 
 free_run:    1,  // 1 = free run mode 0 = trigger 
 strobe_polarity:  1,  // 1 = positive strobe polarity 
 trigger_polarity:  1,  // 1 = positive trigger polarity 
 trigger_source:  1,  // 0 = CL 1 = External 
  
 twelve_bit:     1,  // 1 = 12 bit readout 
 ten_bit:     1,  // 1 = 10 bit readout 
 eight_bit:   1,  // 1 = 8 bit readout 
 bottom_8:   1,  // 1 = bottom 8 bit readout 
 
 input_TP:   1,  // 1 = input test pattern enabled 
 output_TP:   1,  // 1 = output test pattern enabled 
 Med_mode_readout:     1,  //1 = Medium mode readout (4 tap path) 
 Base_mode_readout:  1,  //1 = Base mode readout (2 tap path) 
 
 full_readout:  1,  // 1 = 10,000 x 7096 0 = window 
 osc_42mhz:   1, 
 Osc_30mhz:   1, 
 Osc_div2:   1; 
    } mode_register1_t; 
typedef struct     // Mode Register 2 = Defect and image correction 
 { 
 unsigned int 
 DGO_enabled:  1,  // Master Digital gain and offset 
 LUT_enabled:  1, 
 LUT_LOADED:  1,  //1 = LUT Loaded from EEPROM 
 HISTO_EQ:   1,  //1 = Histogram equalization enabled 
 
 CDC_EN:   1,  //1 = Column Defect Corrector Enabled 
 PDC_EN:   1,  //1 = Pixel Defect Corrector Enabled 
 RDC_EN:   1,  //1 = Row Defect Corrector Enabled 
 M2_B7:     1,  // 
 
 CGT_enabled:  1, 
 CGT_LOADED:  1,  //1 = Column Gain Table Loaded from EEPROM 
 COT_enabled:  1, 
 COT_LOADED:  1,  //1 = Column Offset Table Loaded from EEPROM 
 
 M2_BC:   1,  // 
 M2_BD:   1,  // 
 M2_BE:   1,  // 
 M2_BF:   1;  // 
    } mode_register2_t; 
typedef struct     // Mode Register 3 = Detectors and AE 
 { 
 unsigned int 
 AE:      1,  //1 = auto exposure enabled   
 AE_gain:   1,  //1 = 
 AE_exposure:  1,  //1 = AE in exposure mode  
 AE_iris:   1,  //1 = 
 
 AE_hysteresis:  1,  //1 = AE within hysteresis  
 AE_OPEN_IRIS:  1,  //1 = AE at max gain - need more light BIT 0 PRESERVE 
 AE_CLOSE_IRIS:  1,  //1 = AE at min exposure - need less light PRESERVE 
 OSD_CP:   1,  // 
 
 OSD_TEXT:   1,  //1 = OSD text display enabled PRESERVE 
 OSD_2X:   1,  //1 = 2X text box BIT0 
 OSD_COLOR_MODE:     1,  //1 = OSD Color Mode 
 OSD_LP:   1,  // 
 
 OSD_SCR:     4;  //1 = OSD Screen type ( bits) 
    } mode_register3_t; 
typedef struct     // Mode Register 4 = Communication and misc. 
 { 
 unsigned int 
 AE_WINDOW:     1,  //1 = Show AE Window 
 AF_WINDOW:   1,  //1 = Show AF Window 
 AF_DATA:   1,  //1 = Show AF Data 
 AF_FULL:   1,  //1 = Show AF Data Full Screen 
 
 BAUD_9600:   1,  //1 = 9600 baud 
 BAUD_19200:  1,  //1 = 19200 baud 
 BAUD_38400:  1,  //1 = 38400 baud 
 BAUD_57600:  1,  //1 = 57600 baud 
 
 BAUD_115200:  1,  //1 = 115200 baud 
 M4_B9:   1,  // 
 M4_BA:   1,  // 
 M4_BB:   1,  // 
 
 M4_BC:   1,  // 
 M4_BD:   1,  // 
 CLK_SEL:   1,  // 
 PowerDown:   1;  // 
    } mode_register4_t; 
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 The Camera link 1.0 specification allows for 
serial communication at 9600 baud only.  The 1.1 (and 
later) specification provides for faster rates. 
 
 The RMV camera allows for the setting of the 
baud rate to one of five rates.  This setting can be 
made for only the current power cycle or for the boot 
cycle. 
 
 The RMV camera allows the user the option of 
saving the communication speed in the camera 
EEPROM.  This can cause communication with the 
camera to be lost if the command is not used carefully.  
Note that only one of the baud rates will be used so 
that if communication is lost it can be restored by try-
ing the other baud rates. 
 
Once the EEPROM baud rate is set the camera must 
be re-powered to set the rate. 
 

Serial Commands   

Target Index Command R/W Description 

04 09 Set Current Baud 
Rate 

W 0x0000 = 9600 
0x0001 = 19200 
0x0002 = 38400 
0x0003 = 57600 
0x0004 = 115200 

04 D2 Set Camera Link 
Boot Baud Rate 
(Requires reboot) 

R/W 0x0000 = 9600 
0x0001 = 19200 
0x0002 = 38400 
0x0003 = 57600 
0x0004 = 115200 

04 D3 External Serial 
Boot Baud Rate 
(Requires reboot) 

R/W 0x0000 = 9600 
0x0001 = 19200 
0x0002 = 38400 
0x0003 = 57600 
0x0004 = 115200 

04 D0 Power Up W Resets camera and powers up circuits 

Quick FAQ’s: 
►The Camera Link specification requires the camera 

to always start up at 9600 baud. 
►DANGER ! The Camera link and external serial 

port can be forced to start at a different rate.  Note 
that this will disable the communication with your 
camera from some control applications.   

 USE WITH CAUTION ! 
►The baud rate is set to 9600 from the factory. 

3.5: Software ICD 
Baud Rate 
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3.6: Graphical User Interface 
Overview and  installation 

Overview 
 
 The RMV cameras are feature rich and to some rather complicated to interface.  To ease the 
introduction to the RMV command set and allow easy user control of the cameras illunis has provided a 
graphical user interface (GUI).    The GUI is a visual program that consists of several windows, menus 
and dialog boxes for each of the many features of the RMV camera.  The GUI is installed using a stand-
ard windows installer program available from the illunis web site.   
 
For GUI software please visit our web page at http://illunis.com/support/software.html 
 
Use the NEW .net version for the RMV-71 

http://illunis.com/support/software.html
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GUI Control Application 
 
 The GUI application will query your camera link capture card installation for a communications 
DLL. If it cannot fin the standard clserall.dll it will prompt you for the dll location.  This dll is required for 
communication to the camera.  Once communication is established the GUI program will read the cam-
era revisions and various other information and present the main dialog box as shown below: 

GUI Main Dialog 
 
 The main dialog box provides access 
to the various functions of the camera.  Men-
us are used to access sub dialogs.  A generic 
camera register read/write feature is provided. 
In addition a history of communication is also 
provided in this dialog box. 

Modes->Exposure and Readout 
 
 This dialog box is used to set the 
readout mode, free run or trigger, as well as 
the bit depth and exposure of the camera.  In 
addition you can set the camera link mode, 
test patterns, digital gain and offset and histo-
gram equalization. 
 
 Pre defined windowing modes can be 
selected.  A reset (Enable TG) is available. 

Modes->Trigger and Strobe Setup 
 
 This dialog box is used to set the trig-
ger source and polarity.   The strobe output is 
only available in the trigger exposure mode. 
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Mode 
 
 The mode dialog indicates the current 
mode that the camera is in. 

GUI Control Application (continued) 
 
 There are many control dialogs available.  Here are a few of the important dialogs... 

Firmware loader 
 
 This dialog is used to load FPGA and 
Microprocessor code as well as the EEPROM 
configuration data.  Contact illunis for usage ! 
 
 A useful feature of this dialog is 
the save and restore of the camera to and 
from a file.  If you have a problem with 
your camera you may be asked to save it’s 
state to a file and email that file to illunis 
for support. 

Defect Corrector Editor 
 
 This dialog provides editing of the 
defect corrector tables.   
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4.0 Overview 
4.1 Free Run Mode 
4.2 Trigger Mode 
4.3 Window Readout 
4.4 Strobe Output 
4.5 Software Trigger 
4.6 Analog Control 
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4.0: Exposure Modes 
Overview 

 
 The RMV-71 can be programmed to expose images in either a free run mode or a triggered 
mode. The free run mode outputs image continuously using a rolling shutter for exposure.  In the trigged 
mode the RMV-71 waits for a trigger, either on the camera link or external source, then exposes the im-
age and reads it from the sensor.  In either mode the exposure must be programmed into the camera 
and can be specified in milliseconds or microseconds.  The exposure granularity is one line time. 
 
 A frame is a collection of line, which is in turn a collection of pixels.  One line readout consists of 
a sampling period and a readout period.   During the sampling period, commonly call Row Overhead 
Time (ROT), the pixels are copied into the columns of the sensor.  Then the pixel values, stored in the 
columns are readout sequentially.  This is repeated for each line in a frame. The line time is a factor of 
the number of pixels read out, the ROT, the number of columns read, and the pixel clock.  The line time 
and frame time can be calculated as follows: 
 
 
 
 
 
 
 
 
 
 The pixel clock is selectable and is usually 20Mhz for base mode and 40Mhz for medium format 
camera link mode.  ROT is fixed and is 168. 
 
 If the specified exposure is greater than the frame time the sensor will pause readout to 
complete the requested exposure.  This will result in frame rates less than expected ! 
 
 The triggered mode can be programmed to output more than one frame. 
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4.1.1: Exposure:  
Set Exposure Type 

The exposure type is either Free run mode or trig-
ger mode.    

 
In Free run mode the camera outputs continuous 

images in a rolling shutter mode. 
 
In Trigger mode the camera receives the trigger, 

erases the pixels, exposes the image then reads it out. 

Serial Commands   

Target Index Command R/W Description 

0x04 0x03 0x0000 W Set free run mode 

0x04 0x03 0x0001 W Set triggered mode 

0x5C 0x01 # of frames W Set number frames read in Trigger mode 

0x04 0x03 0x0009 W Set trigger source camera link 

0x04 0x03 0x000A W Set trigger source power cable (external) 

Quick FAQ’s: 
►Exposure time must be set for each mode. 
 

4.1.2: Exposure: Free Run Mode 
Set Exposure Time 

The exposure time is set In either milliseconds or 
microseconds.  The resolution of the exposure is in 
horizontal line times.  Two commands are provided for 
calculating the free run time from a specified time vari-
able (milliseconds or microseconds).  The closest 
available time is selected and set in the internal 
time variable 

Serial Commands   

Target Index Command R/W Description 

0x02 0x02 Set  Exposure ms W Set Exposure time in milliseconds  

0x02 0x03 Set Exposure us W Set Exposure time in us 

0x02 0x02 Get  Exposure ms R Return actual time in milliseconds  

0x02 0x03 Get Exposure us R Return actual time in us (0xFFFF = to large). 

Quick FAQ’s: 
►The strobe signal can be found on the RMV power 

connector and is a 3.3V LVTTL signal.  Note that 
the strobe is functional only in the triggered mode. 
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4.3: Exposure: 
Windowed Readout 

This command changes the raster readout of the 
CHR70M sensor.  Window sizes are rounded to 16 
pixels horizontally and 8 pixels vertically. 

Serial Commands   

Target Index Command R/W Description 

0x5C 0x10 Window Y Start R/W Location in pixels,  will be rounded to nearest 
8th row. 

0x5C 0x11 Window X Start R/W Location in pixels,  will be rounded to nearest 
16th column. 

0x5C 0x12 Window Y Stop R/W Location in pixels,  will be rounded to nearest 
8th row. 

0x5C 0x13 Window X Stop R/W Location in pixels,  will be rounded to nearest 
16th column. 

0x5E 0x00 Full readout W Sensor 10,000x7096 output 

0x5E 0x01 Pre-set Window W Window 1920x1080 in center of sensor 

0x5E 0x02 Pre-set Window W Window 3830x2160 in center of sensor 

0x5E 0x03 Pre-set Window W Window 640x480 in center of sensor 

0x5E 0x04 Pre-set Window W Window 7680x4320 in center of sensor 

0x5E 0x05 Pre-set Window W Window 256x256 in center of sensor 

0x5E 0x06 Pre-set Window W Window 1024x1024 in center of sensor 

0x5E 0x07 Pre-set Window W Window 2048x2048 in center of sensor 

0x5E 0x08 Pre-set Window W Window 4096x4096 in center of sensor 

0x5E 0x09 Pre-set Window W Window 7096x7096 in center of sensor 

0x5E 0x0A Pre-set Window W Window 10000x1080 in center of sensor 

0x5E 0x80 Set Window readout W Must setup X/Y Size as below 

0x5E 0x81 Set Window X size W Sets width of centered window 

0x5E 0x82 Set Window Y size W Sets height of centered window 

     

0x5E 0xD0 Get Line Time R Returns line time in us 

0x5E 0xD1 Get Frame Time R Returns frame time in us 

0x5E 0xD2 Get Frame Time R Returns frame time in ms 

Quick FAQ’s: 
 

►Windowing will increase the frame rate.  Use the 

equations in the beginning of this chapter to 
calculate line and frame times. 

►Moving windows are possible and are under 

development.  Contact illunis for information. 
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4.5: Exposure: 
Software Controlled Trigger 

This command forces an internal trigger from a 
software command.  The soft trigger pulse has a 
width in us as specified in the data field.  The range 
is 1 to 65535 ms (65sec).  10ms is typical usage. 

Serial Commands   

Target Index Command R/W Description 

0x02 0x05 Soft Trigger  W Issue a soft trigger with width in ms 

0x02 0x06 Soft Trigger high W Sets trigger high 

0x02 0x07 Soft Trigger low W Sets trigger low 

Quick FAQ’s: 
 

►Exposure must be programmed before issuing any 
trigger ! 

►Hardware triggers must be inactive when using 

software trigger ! 

4.4: Exposure: 
Strobe Signal 

The RMV Strobe signal is a 3.3V LVTTL signal 

that is active whenever the sensor is triggered and ex-
posing and image.  The strobe signal is very useful for 
analyzing and optimizing imaging applications.  The 
strobe can be used to activate an illumination source.  
The strobe signal should cannot drive significant current 
and should be buffered if used in this fashion. 

Quick FAQ’s: 
►The strobe signal can be used to determine 

triggerd frame timing. 

►The strobe signal can be found on the RMV power 
connector and is a 3.3V LVTTL signal. 

 

Serial Commands   

Target Index Command R/W Description 

0x04 0x0e Strobe Control 
  

Write 0x0000 = negative strobe polarity 
0x0001 = positive strobe polarity 
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4.6: Exposure: 
ADC: Gain and Black Level 

Serial Commands   

Target Index Command R/W Description 

0x00 0x00 ADC Gain W 0x0000-0x3FF Writes all 8 ADC’s with gain 
value 

0x00 0x80 Black Level R/W Higher value is darker image 

0x00 0x44 Pre (CDS) Gain R/W Sets all 8 ADC’s 

0x5C 0x08 CHR70M Gain R/W 0x0000-0x000F Write sensor gain 

 The RMV-71 has 8 individual analog taps.  Each 
tap is processed by an analog front end (AFE).  Each 
AFE has two gain stages and a 12bit analog to digital 
converter.  The CMOS Sensor has a additional internal 
gain stage.  This gain is normally set to minimum to re-
duce system noise 
 
ADC gain can be calculated with the following equation. 
 

Gain (dB) = 5.1 +  (0.0359 * code) 
Where code is the range of 0 to 1023. 

Quick FAQ’s: 
►Each tap has its own ADC gain channel 
►Each tap has its own pre (CDS) gain channel.  

However all pregain values are set the same. 
 

CHR70M Sensor & AFE (CDS, Gain, and ADC) 

CDS VGA ADC 

2dB to 36 dB 
12 bits 

tap In 

-3, 0, +3, +6 dB 

VGA 

1X to 3X in 16 
steps 

Analog Offset  
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5.0 Overview 
5.1 Tap Output Order 
5.2 Digital Gain & Offset 
5.3 Defect Correction 
5.4 Flat Field Correction 
5.5 Offset Calibration 
5.6 Histogram Equalization 
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5.0: Image Processing 
Overview 

 The RMV FPGA implements image processing features that are very useful to 
many imaging applications.  These include reordering of the sensor image data, cor-
rection of pixel, column, row defects and responses,  and video analysis tools. 
 
For example the pixel pipeline of a medium format output with a 30Mhz pixel Clock is: 

5.1: Image Processing 
Tap Output Order 

 Pixels are output left to right, top to bottom as follows: 
 
 Base Mode Camera link: 
  Odd/Even columns per clock. 
 
 Medium Mode Camera link: 
  Column 1,2,3,4 per clock. 
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5.2: Image Processing 
Digital Gain and Offset 

Digital Gain and Offset (DGO) are used in 
situations where analog gain and offset are either to 
course or not applicable.  The digital gain ranges from 
0.002 to 16x in 0.002 increments.  The digital gain is 
represented as a hex number where 0x1000 repre-
sents a gain of 1X.  The digital offset ranges from –
4095 to +4095 in increments on 1 count.  These gain 
and offset ranges allow for full 12 bit precision without 
round-off error.  

 

 

Serial Commands   

Target Index Command R/W Description 

0x04 0x24 Digital Gain R/W  

0x04 0x30 Digital Offset R/W  

0x04 0x38 DGO Enable R/W 1 = enable, 0 = disable 

Quick FAQ’s: 
►DGO gain is applied first, then the offset is added. 
►DGO is used by the Histogram equalization 

feature. 
 

Digital Gain and Offset 

 Minimum 
setting 

Minimum 
value 

Step Maximum 
value 

Nominal 
Value 

Nominal 
Setting 

Maximum 
setting 

Gain 0x0000 1/4096 1/4096 16x 1x 0x1000 0xFFFF 

Offset 0x8FFF -4095 1 +4095 +0 0x0000 0x0FFF 

Digital Gain and Offset 

16 bit Gain  12 bit Offset 

12 bit 
data 

12 bit tap 
video data 
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5.3: Image Processing 
Pixel ,Column  and Row Defect Correction 

 Defect correction is used to “map” out un-
wanted areas of the camera and substitute synthe-
sized pixel values.  Since the CHR70M is such high 
resolution we must accept some defects. The illunis 
GUI application provides a defect editor to simplify 
the editing of defect mapping. 

Serial Commands   

Target Index Command R/W Description 

0x04 0x1c Defect Correction (DC) Write 0x0000 = Load/Enable Pixel DC 
0x0001 = Load/Enable Column DC 
0x000A = Load/Enable Row DC 
0x0005 = Disable Pixel DC 
0x0004 = Disable Column DC 
0x000B = Disable Row DC 

Quick FAQ’s: 
►Up to 1022 pixels can be corrected currently. 
►Up to 5000 pixel defects are permitted. 
►Up to 15 rows or column defects are permitted. 
►Using the “force to 1” mode a cursor can be 

created. 
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5.4: Image Processing 
Black Offset and Flat Field Correction 

 The CHR70M sensor used in the RMV-71 requires image processing for optimal 
operation.  The sensor incorporates a dark field offset correction on chip.  The offset 
correction will correct the 16 column analog offsets through digital to analog convert-
ers.   The sensor also requires a digital gain for each of the 10,000 columns.  The col-
umn gain corrects non uniformity of the sensor analog paths.  The following images 
show the effects of offset and gain correction: 

Image with (left) and without (right) column gain correction 

Image with (left) and without (right) 16 column offset correction 
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 The image processing features of the RMV-71 are easily setup using the cam-
era and the following: 
 
 For 16 column offset correction:   Lens cap or light blocking device.  As this test 
is performed in the dark no special equipment is needed.  Only 16 words of data are 
stored for this correction. 
 
 For column gain correction:  Flat field light source.  This can be as simple as a 
white balance lens cap and a flat background or s complex as a programmable light 
source.  The flatter the field presented to the sensor the better the correction will be.  
The RMV-71 processes the flat field in two passes, one for the even numbered col-
umns and one for the odd numbered columns.  A total of 10,000 column gains are cal-
culated and saved in the EEPROM of the camera,  this may take over a minute to com-
plete. 
 
 For optimum performance the offset and gain calculations should be calculated 
under the conditions that the camera is used including the following parameters: 
 
 Operating temperature 
 Exposure 
 Readout mode and pixel clock speed. 
 
 It is recommended to perform the Black (offset) calibration first followed by the 
Bright (gain) calibration. 
 
 Illunis control application 2.1.15 (or newer) is required for calibration. 
 
 

Exposure and Readout Dialog 
 
 The exposure and readout 
dialog contains the controls for cali-
brating the offset (dark) and column 
gain (bright).  The column gain (FF) 
can be enabled along with the defect 
corrections for pixel, row, and col-
umns. 
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5.4: Image Processing 
Flat Field Correction 

Column gain correction (Bright) 
 
 The Bright (column gain) calibration will 
present a dialog box with the 5 point histogram.  
The top two bar graphs represent the saturated 
pixels as well as the top 10% pixel counts.  
These two values must be zero to continue with 
the calibration. 
 
 Note the image must be uniform (flat) to 
obtain correct calibration ! 
 
 Adjust the intensity of the light source so 
that the adjustment dialog reports the light 
source as “good”.   
 
 Then press the “Run Flat Field” button 
and the calibration will complete and the column 
gains will be activated in the camera (but not 
saved to EEPROM). 
 
 Examine the calibration result and if ac-
ceptable press the “Save To EEPROM” button to 
save the results. 
 
 Note: Currently only one calibration can 
be saved to EEPROM.  This will be fixed in a 
later version of firmware.  Contact illunis for de-
tails. 
 
 Note: The saving to EEPROM can 
take several minutes.   We will add a OLED dis-
play to show progress (soon).  For now watch 
the OLED frame count as it will restart once the 
save is complete.  DO NOT POWER DOWN 
YOUR CAMERA DURING EEPROM WRITE ! 
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5.5: Image Processing 
Offset Calibration 

Offset correction (Black) 
 
 The Black (offset) calibration will present 
a dialog box asking you to cover the lens to ob-
tain a completely dark image. 
 
 Clicking ok will start the offset calibration 
and a on screen display will be activated to show 
progress. 
 
 
 
 A series of bar graphs will display the 
current offset values and relative brightness.  As 
the calibration proceeds the values will converge.  
Once an acceptable solution is found the calibra-
tion data will be saved to EEPROM and the re-
sults display in the OSD.   
 
 
 
 
 You may now remove the lens cap and 
use the camera. 
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5.6 Command Reference 
Automatic Histogram Equalization 

 The histogram equalization (HEQ) function is 
provided for applications that need to dynamically ad-
just the incoming image data to a full output range.   
This is typically needed in surveillance applications 
where image data is viewed but not measured. 
 The histogram detector calculates a 512 point 
histogram based on the image data within the bright-
ness (AED) detector.  The histogram is then measured 
using a threshold to determine it’s minimum and maxi-
mum values.   
 The minimum value is used to set the Master 
Digital Offset register which shifts the histogram to 
restore the black level.  The maximum value is used to 
calculate the gain needed to equalize the histogram to 
full range.  This value is set in the Master Digital Gain 
register. 
 The equalized histogram is fit to 90% of the 
range to compensate for data lost by the thresholding. 
The histogram endpoints are not considered in the  
equalization.  Thus saturated pixels do not skew the 
equalization. 
 

Serial Commands   

Target Index Command R/W Description 

0x04 0x60 Histogram EQ Enable R/W 0 = disable 

0x04 0x61 Histogram Threshold R/W Range 0x00..0xFF, 

0x04 0x62 Histogram Detector Enable R/W 0 = disable 

0x04 0x63 Maximum HEQ Gain R/W Max digital gain in HEQ mode 

0x04 0x24 Digital Gain R/W  

0x04 0x30 Digital Offset R/W  

0x04 0x38 Master DGO Enable R/W 1 = enable, 0 = disable 

Quick FAQ’s: 
►The Histogram Equalization (HEQ) function is 
used to stretch the histogram to full range. 
►The HEQ function requires several frames to 
calculate and apply the equalization 
►The HEQ algorithm works with Auto expo-
sure.  The HEQ will apply gain to the condition 
where the AE algorithm is at it’s maximum gain 
setting. 
►Stretching the histogram will cause missing 
values in the resulting output image histogram. 
►Enabling the HEQ will enable the histogram 
detector.  The measured histogram can be 
viewed with the line plot display. 
►Lowering the HEQ threshold will expand the 
min/max values and compress the output image 
histogram. 
►The maximum histogram gain that can be 
applied is 16X.  This is limited by the DGO. 
►HEQ is very useful in bandwidth limited appli-
cations where images are grabbed at 8 bits. 

Threshold 

Min Max 
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Low contrast Image before histogram equalization 

Low contrast Image after histogram equalization 
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6.0   Overview 
6.1   Brightness 
6.2   Sharpness 
6.3   SNR 
6.4   Raster Measurement 
6.5   Temperature 
6.6   Frame Counter 
6.7   Bin Histogram 
6.8   BIT = Built In Test 
6.9   Accelerometer and Gyro 
6.10 Light Meter 

??? 
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6.0: Image Detectors 
Overview 

The RMV incorporates several video "detectors" that analyze imagery in real time.  
The video detectors measure exposure, focus, SNR and raster size.  The exposure 
detectors operate in several modes that allow the measurement of image brightness.  
The focus detectors measure the sharpness of the image and can be used for auto 
focus optics.  In addition to the detectors the windows of the detectors can be over-
laid on the video image. 

 
When using the windowing modes the detector window is automatically reset to fit 

the window.   The default windows cover 90% of the image area. 
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6.1: Detectors 
Brightness Detector 

Brightness detector measure the brightness of 

the image within the auto exposure detector (AED) window.  
The AED sums the values of the image data within the win-
dow.  To change the AED position you must use the PIO 
twin command write,  this requires writing the data first and 
then the address for the data second. 

 
 
 

Serial Commands   

Target Index Command R/W Description 

0x04 0x1d Auto Exposure Detector 
(Counter) 

W 0x0003 = Enable small AED window 
0x0004 = Enable large AED window 

0x04 0x19 Show Detectors W 0x0002 = AE Window 
0x0009 = disable 

0x04 0x1a Read Detectors R 0x0002 = AE Window 

0x03 
0x03 

0x0c 
0x13 

AE Detector Data 
Top Register Address 

R/W Location in units of 16 lines 
0x003d = Set AE Top location 

0x03 
0x03 

0x0c 
0x13 

AE Detector data 
Right Register Address 

R/W Location in units of 16 pixels 
0x003e = Set AE Right location 

0x03 
0x03 

0x0c 
0x13 

AE Detector data 
Left Register Address 

R/W  Location in units of 16 pixels 
0x003c = Set AE Left location 

0x03 
0x03 

0x0c 
0x13 

AE Detector data 
Bottom Register Address 

R/W  Location in units of 16 lines 
0x003F = Set AE Bottom location 

Quick FAQ’s: 
 
►The AED window size is programmable.  
►The AED window can be displayed as an overlay. 
 

AED Window 

TOP 

BOTTOM 

LEFT RIGHT 
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6.2: Detectors 
Sharpness Detector 

Sharpness detector uses AED window. The 

sharpness detector can be used as a auto focus detector 
(AFD).  The AFD calculates sharpness as the summation 
of the difference of the pixels within the window 

 
 
 
 

Serial Commands   

Target Index Command R/W Description 

0x04 0x19 Show Detectors W 0x0003 = AF Window 
0x0007 = AF Data in AF Window 
0x0008 = AF Data Full Screen  
0x0009 = disable 

0x04 0x1a Read Detectors R 0x0003 = AF Window 

Quick FAQ’s: 
►The AFD window is the same as the AED win-

dow ! 
►The AFD window can be displayed as an overlay. 
►The AFD data can be displayed as video data 

showing either the first or second derivative. 
►The AF value peaks sharply when the image is at 

it’s maximum sharpness. 

AFD Detector Derivative Image 
(whole screen) 

Maximum 
Sharpness 

Detector  
Value 

Lens Focus Position 



 

RMV-71 Operations  Copyright illunis LLC,  3/12/2014 Page 64 

6.3: Detectors 
SNR Detectors 

Coming Soon ! 

Serial Commands   

Target Index Command R/W Description 

     

     

Quick FAQ’s: 
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6.4: Detectors 
Raster Detectors 

Raster detectors (RD) are used to measure the 

size of the video image output by the RMV camera link 
signals.   The RD’s count the number of pixels per line  
and the number of active pixels per line.  The RD’s also 
count the number of lines per frame and the number of 
active lines per frame.  Because the RMV can be set to 
any number of modes the RD circuit is vital to correctly 
configuring your capture device. 

Serial Commands   

Target Index Command R/W Description 

0x04 0x1b System Registers R 0x0000 = Read Pixels/line 
0x0001 = Read Active pixels/line (in LVAL) 
0x0002 = Read Lines per frame 
0x0003 = Read Active lines per frame (in FVAL) 

0x04 0x14 Line of Interest  R/W Line number from top of image (Plus FVAL start) 

Quick FAQ’s: 
►LVAL = Line VALid:  This Camera Link signal indi-

cates when pixel data is valid with a line.  
►FVAL = Frame VALid:  This Camera Link signal 

indicates when line data is valid with a Frame.  
►LVAL start and stop define a lines active pixels and 

are in some weird internal FPGA counting unit. 
►FVAL start and stop define a frames active lines 

and are directly related to the sensor design. 
►The Raster line detectors use the “line of Inter-

est” line from the On Screen line plot function 
to determine which line is measured.  The line 
of interest must be in the visible image data or 
these detectors will read zero ! 

Active Area 

Active Pixels Per Line 
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6.5: Detectors 
Temperature Detector 

Temperature of the RMV camera is ob-
tained though a solid state device located on the  
main PCB.  The temperature sensor is located as 
close as possible to the warmest component in the 
camera.  The temperature sensor doe not read the 
sensor temperature ! 

 

Serial Commands   

Target Index Command R/W Description 

0x04 0x07 Camera Temperature R Temperature in degrees Celsius 

0x5C 0x02 Sensor Internal Temperature R Temperature in degrees Celsius 

Quick FAQ’s: 
►Temperature is read in degrees Celsius. 
►Temperature accuracy is 0.5 degrees. 

6.6: Detectors 
Frame Counter 

A Frame Counter is implemented in the RMV 

FPGA.  Each frame read has a unique count.  You can 
read the frame count immediately after the rising edge of 
FVAL.   The frame counter is displayed in the On Screen 

Serial Commands   

Target Index Command R/W Description 

0x04 0x1A Read Detector  R 0x000A = Frame Counter 
0x04 0x1A Reset Frame Counter to Zero W 0x000A = Reset to Zero 

Quick FAQ’s: 
►The frame counter is a 16 bit counter that rolls over 

to zero when the maximum count of 65535 is 
reached. 

Example 
 Read 0x003D = 61(decimal) degrees Celsius 
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6.7: Detectors 
Exposure Histogram Detector 

The Brightness detector is used to measure the 
brightness of the image within the auto exposure detector 
(AED) window.   

The Exposure Histogram Detector is used to 
measure the number of pixels at specific brightness levels 
through the concept of bins.  Bins are used to count the 
number of pixels within two ADC values that occur in the 
AED window.  The bin sizes are determined by three regis-
ter values that define points in the ADC count.  There are 
five bins.  The typical usage of the bins are:  BIN0 is used 
for black measurement, BIN1 and BIN2 are used to meas-
ure mid range,  BIN3 is used to measure bright points and 
BIN4 is used to measure saturated pixels. 

In addition to the histogram bin counts a reference 
count of the number of pixels in the AED window is provid-
ed.  This reference count can be used easily to calculate 
percentages of pixel counts within the bins. 

Serial Commands   

Target Index Command R/W Description 

0x04 0x1a Read Bin and AED size values R 0x0011 = Bin #0 
0x0012 = Bin #1 
0x0013 = Bin #2 
0x0014 = Bin #3 
0x0015 = Bin #4 = # sat pixels 
0x0016 = Number of pixels in  

0x03 
0x03 

0x0c 
0x13 

AE Histogram Point 
Register Address 

R/W Location in histogram bin point in units 
of 16 DN 
0x004A = Set AEH point #1 
0x004B = Set AEH point #2 
0x004C = Set AEH point #3 

0x04 0x19 Show Detectors W 0x000A = Blooming 
0x0009 = disable 

Quick FAQ’s: 
►The Saturated Pixel Counter (SPC) uses bin 4. 
►The bin register values are in units of 16 DN.  
►The PT1 value is usually 4X the black clamp 
►The PT2 value is usually one half the max count 
►The PT3 value is usually 85% the max count 
►Typical register values for the points are 
 PT1: 0x08 = 0x08 * 16dec = 128 dec DN 
 PT2: 0x80 = 0x80 * 16dec = 2048dec DN 
 PT3: 0xE0 = 0xE0 * 16dec = 3568 dec DN 
►The Detector  OSD displays the bin counts and a 

new super cool bar graph display ! 
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6.8: Detectors 
Built In Test 

 The RMV-71 includes several self test fea-
tures. 

Serial Commands   

Target Index Command R/W Description 

0x99 0x00 System Error R 0x0000 = No Error 
0x0001 = Brown out 
0x0002 = Watchdog timer reset 
0x0003 = UART Error 
0x0004 = VSYNC Timeout 
0x0005 = Serdes Error 
0x0006 = FPGA configuration Error 
0x0007 = SPI Error 
0x0008 = EEPROM Error 
0x0009 = Voltage Regulator Error 

0x99 0x01 Calculate internal voltages R Returns nothing 

0x99 0x02 Return 1.8V (A)  R Voltage * 10 

0x99 0x03 Return 1.8V (B)  R Voltage * 10 

0x99 0x04 Return 5V R Voltage * 10 

0x99 0x05 Return  3V R Voltage * 10 

0x99 0x06 Return 2.5V R Voltage * 10 

0x99 0x07 Return 1.2V  R Voltage * 10 

0x99 0x08 Return Input V  R Voltage * 10 

0x99 0x0C Return 1.8V (A) Error R Voltage * 10 

0x99 0x0D Return 1.8V (B)  Error R Voltage * 10 

0x99 0x0E Return 5V Error R Voltage * 10 

0x99 0x0F Return  3V Error R Voltage * 10 

0x99 0x10 Return 2.5V Error R Voltage * 10 

0x99 0x11 Return 1.2V Error R Voltage * 10 

0x99 0x12 Return Input V Error R Voltage * 10 

     

     

Quick FAQ’s: 
►Internal testing is useful for mission critical opera-

tion ! 
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6.9: Detectors 
Accelerometer and Gyroscope 

 The RMV-71 includes an integrated 3 axis 
accelerometer as well as a 3 axis gyroscope.  Ac-
celerometer readings are every 10ms. 

Serial Commands   

Target Index Command R/W Description 

0x57 0x00 Initialize Accelerometer R  

0x57 0x01 Read Accelerometer R Reads to internal variables 

0x57 0x02 Read X axis R Reads internal var 

0x57 0x03 Read Y axis R Reads internal var 

0x57 0x04 Read Z axis R Reads internal var 

0x57 0x05 Read sum of all axis change 
from last reading 

R  

     

0x58 0x00 Initialize Gyroscope R  

0x58 0x01 Read Gyroscope R Reads to internal variables 

0x58 0x02 Read X axis R Reads internal var 

0x58 0x03 Read Y axis R Reads internal var 

0x58 0x04 Read Z axis R Reads internal var 

0x57 0x05 Read sum of all axis change 
from last reading 

R  

Quick FAQ’s: 
► Mems technology is wonderful ! 
► Raw accelerometer data will show gravity ! 
► 0x8600 accelerometer = ~ 1G 

x y z 

Y= -1G Y= +1G 

X= -1G X= +1G 

Z= -1G Z= +1G 



 

RMV-71 Operations  Copyright illunis LLC,  3/12/2014 Page 70 

6.10: Detectors 
Light Meter 

 Coming soon ! 

Serial Commands   

Target Index Command R/W Description 

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

Quick FAQ’s: 
►IComing Soon ! 
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7.0 Overview 
7.1 Text 
7.2 Line Plot 
7.3 Column Plot 
7.4 Cross Hair 
7.5 Synthetic Patterns 
7.6 Detector Display 
7.7 Histogram 
7.8 OLED 
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7.0: On Screen Displays 
Overview 

The RMV camera can display performance and image data as on screen overlays.   The RMV FPGA 
contains circuits that can do the following: 

 
 Display On Screen Text with: 
  Programmable character font. 
  128x32 character screen memory. 
  Screen memory can be positioned anywhere on image. 
  Text can be normal or double size. 
  Text can have transparent or opaque backgrounds. 
 
 Display a plot of video data with: 
  Horizontal (line plot) or Vertical (column plot) display. 
  Display of the image histogram as a line plot or a bar graph. 
  Selectable line/column of interest for display. 
  Selectable baseline position for the plot data. 
  Scalable plot size from 1 pixel to full scale (4095). 
  Plot can be drawn as a single line or as a bar plot. 
  All data can be plotted, including the over scan areas. 
  
 
In addition to the on screen displays the RMV has several image detectors that are used to calculate 

performance data in real time.   The data is analyzed and displayed using the On Screen Text feature.  
The following screen image shows some of the on screen functions in operation. 
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7.1: On Screen Displays 
On Screen Text Display 

The OSD function can be used to overlay text data on the live 
video image. Two memories are used to store the OSTD data, one 
block RAM for the character shape and one Block RAM for the 
screen memory.  The character memory stores the “pixels” used to 
create the character shape.  Character shape data is stored from top 
to bottom as consecutive bytes, one per line, for a total of 16 lines.  
Thus the characters are 8 pixels by 16 lines in size.  There are a total 
of 128 characters that are mapped to an ASCII Table. Character 
shape data is stored in the Microprocessor and loaded into the 
FPGA at initialization.  

 
The Screen memory is used to store the “character” that is to be 

displayed as 7 bits of data as well as a single bit used to set the 
characters background transparency.  The screen memory is an ar-
ray of 128 columns by 32 rows.  Each entry in the screen memory is 
a byte of data that indicates the character index and transparency.  
The transparency bit sets the background image to 50% intensity if 
set.  The character index is coded as a standard ASCII table so that 
text can be easily used.  The character code is: 

The screen memory is accessed through the OSD address regis-
ter.  The OSD register contains a bit which indicates which memory 
is to be accessed and the address of the character or screen 
memory location.  To access one of the 128 character memories, as 
16 lines of data per character, the OSD address is formatted as a 16-
bit word: 

To access one of the screen memory locations, 128 columns 
and 32 lines, the OSD address is formatted, with the upper byte as 
row address and the lower byte as column address, as a 16-bit word: 

Since the OSD text is limited to a 128x32 array of 8x16 bit char-
acters the bitmap of 1024x512 pixels is smaller than the CCD image 
area.  The OSD Start Register specifies the starting location.  The 
register format is: 

Quick FAQ’s: 
►The OSD font is programmable. 
►The OSD text is displayed as 

8x16 pixel font of 128 characters. 
►The OSD text is displayed on a 

area 128 characters by 32 lines,  
The display area can be posi-
tioned in the image. 

►Contact illunis for more infor-
mation  on how to customize the 
OSD functions. 

►Note:  Some OSD functions 
make extensive use of floating 
point calculations.  The micro 
processor may abort these cal-
culations if an incoming com-
mand packet is detected.  The 
OSD display may be temporally 
invalid if this happens. 

Character ‘B’   DATA 

                  0x00 

                  0x00 

                  0x00 

                 0x7E 

                0x33 

                  0x33 

                  0x33 

                  0x3E 

                  0x33 

                  0x33 

                  0x33 

                  0x33 

                  0x7E 

                  0x00 

                  0x00 

                  0x00 

Transparency Character “Address” = ASCII Code 

Bit 7 6 5 4 3 2 1 0 

Mem Select Address 

Char Mem Not used Character Address Character 
Line 

Bit 15 = ‘1’ 1
4 

1
3 

1
2 

1
1 

1
0 

9 8 7 6 5 4 3 2 1 0 

Mem Select Address 

Screen Mem NA Character Row  Character Column 

Bit 15 = ‘0’ 1
4 

1
3 

1
2 

1
1 

1
0 

9 8 7 6 5 4 3 2 1 0 

Vertical offset in 16 line increments Horizontal offset in 16 pixel increments 

1
5 

1
4 

1
3 

1
2 

1
1 

1
0 

9 8 7 6 5 4 3 2 1 0 
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Serial Commands   

Target Index Command R/W Description 

0x04 0x15 OSD Text W 0x0000 disable text overlay (All) 
0x0001 enable OSD (Detectors) 
0x0002 update display window 
0x0003 enable 2X window 
0x0004 disable 2X window 
0x0005 enable OSD (Raster) 
0x0006 enable OSD (Revision) 
0x0007 enable OSD (Frame Counter)  
 

0x04 0x16 ODS Text Window X location R/W  Increments of 128 pixels 

0x04 0x17 OSD Text Window Y location R/W  Increments of 64 lines 

     

0x12 Char Font pattern W Custom Font Entry 

0x13 Char Data = HHVV W HH = horizontal (byte) 
VV = vertical (byte) 

0x16 0x00 OSD Initialize W  

0x16 0x01 OSD Screen clear W  

0x16 0x02 OSC Test pattern   

Character ‘B’   DATA 

                  0x00 

                  0x00 

                  0x00 

                 0x7E 

                0x33 

                  0x33 

                  0x33 

                  0x3E 

                  0x33 

                  0x33 

                  0x33 

                  0x33 

                  0x7E 

                  0x00 

                  0x00 

                  0x00 

Example Custom Char…. ‘B’ = 0x42 ascii,  write 16 entries 
 

{w1242000000} 
{w1242000000} 
{w1242000000} 
{w1242007Ecs} 
{w12420033cs} 

…. 
{w1242000000} 
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User text can be displayed using the built in Font.  To write user text a horizontal and vertical offset 

must be set.  Then the text character can be written.  The user text is sent as a PIO write which requires 
two commands, a data set and a address top write to.  The ASCII font is included in the default font as 
well as some special characters.  If you write an application to display all character values from 0 to 127 
you can see the entire character set (as seen in the image below). 

 

Horizontal Index:  
This register selects the horizontal location where the OSD character will be written. 

 
Vertical Index:  
This register selects the vertical location where the OSD character will be written. 
 
Note: Custom Characters can be programmed ! 

RMV Default Font Test Pattern 

OSD Text Box 

Horizontal 

Vertical 

On Screen Text Display:  Location offset 
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7.2: On Screen Displays 
On Screen Line Plot 

 The On Screen Line Plot (OSLP) is used to 
overlay a graphical plot of video data onto the video 
image.  The OSLP can be scaled and offset so that it 
may be placed anywhere within the video image.  The 
OSLP Offset register (0x07) is used to select the 
base line = offset from the top of the image in units of 
16 lines (max is 4080 lines).   The OSLP Scale regis-
ter reduces the line data to fit the limits of the video 
image.  A Scale of 0xFF is unity (1.0).  A Scale of 
0x80 is ½ and 0x40 is ¼.   The scale and offset allow 
12 bit data to be drawn on a 4Kx4K image.  Only the 
first 4096 data points of a line may be displayed, lines 
longer that 4096 will wrap. 

Serial Commands   

Target Index Command R/W Description 

0x04 0x11 OSD lines W 0x0000 disable line plot 
0x0001 line plot 
0x0008 draw as line  
0x0009 draw as filled  

0x04 0x12 Line Plot Offset R/W   
0x04 0x13 Line Plot Scale R/W   
0x04 0x14 Line Plot Line of Interest R/W   

Quick FAQ’s: 
►The line plot display is one frame behind it’s 

measurement frame.  This is due to the fact the the 
data must be measured, then stored for display on 
the following frame. 

►The line plot can be scaled from 1X to 1/4096X 

VIDEO OFFSET 
8-bit register 

(16 lines per unit) 

VIDEO LINE selected to overlay 

VIDEO SCALE 
8-bit register 
0xFF = 1.0 

VIDEO LINE DATA 
Line or Bar Format 
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7.3: On Screen Displays 
On Screen Column Plot 

 The On Screen Column Plot (OSCP) is 
used to overlay a graphical plot of video data onto 
the video image.  The OSCP functions like the 
OSLP except in the vertical direction. 

 
 

Serial Commands   

Target Index Command R/W Description 

0x04 0x11 OSD lines W 0x0000 disable line plot 
0x0002 column 
0x0008 draw as line  
0x0009 draw as filled  

0x04 0x12 Line Plot Offset R/W   
0x04 0x13 Line Plot Scale R/W   
0x04 0x14 Line Plot Line of Interest R/W   

Quick FAQ’s: 
►The column plot display is one frame behind it’s 

measurement frame.  This is due to the fact the the 
data must be measured, then stored for display on 
the following frame. 

►The line column can be scaled from 1X to 1/4096X: 
4096 pixels to 1 pixel. 

VIDEO OFFSET 
8-bit register 

(16 lines per unit) 

V
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VIDEO SCALE 
8-bit register 
0xFF = 1.0 

1.0 = 4096 Max 
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7.5: On Screen Displays 
Synthetic Test Patterns 

The RMV camera have two synthetic test 
patterns that can be used for testing the digital path 
and Camera Link communications. 

 

Serial Commands   

Target Index Command R/W Description 

0x04 0x06 Test Pattern 
  
  

W 0x0000 = Normal Video 
0x0001 = Input (CCD) Test Pattern 
0x0002 = Output Test Pattern 

Quick FAQ’s: 
►The input test pattern can be used to test the inter-

nal data path of the RMV FPGA. 
►The Output test pattern can be used to test the 

Camera Link digital communication path. 

Output Test Pattern  

Input (CCD) Test Pattern 
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7.6: On Screen Displays 
Detector Window Display 

The RMV image detectors analyze image 
information within specific areas called “windows”.  
These windows can be displayed as an overlay on 
the image for reference.. 

Serial Commands   

Target Index Command R/W Description 

0x04 0x19 Show Detectors W 0x0002 = AE Window 

0x0003 = AF Window 

0x0007 = AF data 

0x0008 = AF data window/screen 

0x0009 = disable 
 

Quick FAQ’s: 
►Some windows are in the non visible regions of the 

sensor.  You can see these regions by changing 
the LVAL/FVAL start and stop registers. 

RMV-4020 Auto Exposure Detector  
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7.7: On Screen Displays 
Histogram Plot 

 The On Screen Line Plot (OSLP) can also be 
used to display a Histogram plot of the image data 
 

The histogram in sampled within the entire 
image area with a circuit that measures the top 9 bits 
of image data.  This results in a histogram of 512 
points for the full image data range. 

 
The histogram circuit can be set to measure 

the top or bottom 512 counts using the histogram 
zoom function. 
 
 

Serial Commands   

Target Index Command R/W Description 

0x04 0x11 OSD histogram line plot W 0x0000 Disable plots 
0x000C Enable Histogram display 
0x000D Histogram Zoom low 512 
0x000E Histogram Zoom high 512 

0x04 0x12 Plot Offset R/W   
0x04 0x13 Plot Scale R/W   

Quick FAQ’s: 
►The histogram plot display is one frame behind it’s 

measurement frame.  This is due to the fact the the 
data must be measured, then stored for display on 
the following frame. 

►The histogram plot can be scaled from 1X to 
1/4096X 

VIDEO OFFSET 
8-bit register 

(16 lines per unit) 

Histogram display 

VIDEO SCALE 
8-bit register 
0xFF = 1.0 
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8.0 Overview 
8.1 Pixel Format 
8.2 Channel Format 
8.3 FVAL & LVAL 
8.4 Raster Detectors 
8.5 Capture Card Setup 
8.6 POCL 
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7.8: On Screen Displays 
OLED 

 The OLED screen on the RMV-71 is used to 
display internal data as well as show firmware load-
ing status. 
 
 

Serial Commands   

Target Index Command R/W Description 

0x5F 0x00 Select OLED Screen W 0x0000 = BOOT 
0x0001 = Main 
0x0002 = Detectors 
0x0003 = AFE 
0x0004 = Built In Test 
0x0006 = Accel and Gyro 
0x0007 = Off 

0x5F 0x01 Put character W  Char 
0x5F 0x02 Clear screen W   

0x5F 0x03 Move cursor W 0xHHVV 

0x5F 0x04 Text Foreground color W  

0x5F 0x05 Text Width W In X time (1 = default) 

0x5F 0x06 Text Height W In X times 

0x5F 0x07 Text Bold W  

0x5F 0x08 Clear Line W Line # 

Quick FAQ’s: 
► The OLED operation can cause minute amounts of 

noise in the very lowest bits of the image.  Thus a 
option to disable it is provided. 
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8.0: Camera Link 
Overview 

Camera Link is a communication interface for visual applications that use digital imaging.   

The Camera Link (CL) interface is built upon the National Semiconductor channel link technology and 
specifies how image data is formatted and transferred.   Channel Link consists of a driver and a receiver 
pair.  The driver accepts 28 single ended data signals and a single ended clock.  The data is serialized 
7:1 and the four data streams and a dedicated clock are transmitted over five LVDS pairs.  The received 
accepts the four data streams and the clock, decodes the data, and drives the 28 bits of data to capture 
circuit.    

 
Image data and image enables are transmitted on the Camera Link bus.  
The four Enable signals are: 
 FVAL: Frame Valid is defined HIGH for valid lines 
 LVAL: Line Valid is defined HIGH for valid pixels 
 DVAL: Data Valid is defined HIGH for valid data. 
 SPARE: undefined, for future use. 
 
Four LVDS pairs are reserved for general purpose camera control.  They are defined as camera 

inputs and frame grabber outputs. The signals are CC1, CC2, CC3, CC4.   The RMV uses CC1 as the 
trigger source. 

 
The Camera Link interface has three configurations.  The naming conventions for the three con-

figurations are: 
 Base:   Single Channel Link chip, single cable connector. 
 Medium:   Two Channel Link chips, two cable connectors. 
 Full:  Three Channel Link chips, two cable connectors. 
 
The RMV-71 can operate in a base or medium Cameral Link configuration. 
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8.1 Camera Link 
Pixel Format 

The RMV samples the sensor with 12 bit 
precision and processes the data throughout the 
FPGA at 12 bits.  During the data format stage the 
12  bit image data can be down sampled to 10 or 8 
bits.  In addition the bottom 8 bit data can be output 
as the top 8 (msb) of the 12 bit image sample. 

 

Serial Commands   

Target Index Command R/W Description 

0x04 0x0d Bit Width W 0x0000 = 12 bit mode 
0x0001 = 10 bit mode 
0x0002 = 8 bit mode 
0x0003 = Bottom 8 bits (as Msb) 

Quick FAQ’s: 
►Bottom 8 is very useful for evaluating camera noise 
►Sensors rated at 60dB SNR have about 10 clean 

bits (dynamic range). 
►8 Bit pixel data is packed in single bytes and thus 

requires 1/2 the system bandwidth that the 10 and 
12 bit formats require. 

Sensor ADC pixel sample to Camera Link mapping 

ADC bits 12 bit CL 10 bit CL 8 bit CL 

11 11>11 11>9 11>7 

10 10>10 10>8 10>6 

9 9>9 9>7 9>5 

8 8>8 8>6 8>4 

7 7>7 7>5 7>3 

6 6>6 6>4 6>2 

5 5>5 5>3 5>1 

4 4>4 4>2 4>0 

3 3>3 3>1  

2 2>2 2>0  

1 1>1   

0 0>0   
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8.2 Camera Link 
Channel Format 

The Camera Link base mode, used on the 
RMV, can transfer pixel data in 8, 10, 12 bit depths 
and in one or two channels.  Two channel mode 
allows for a transfer clock frequency 1/2 of the sin-
gle channel mode.  The Camera link medium mode 
transfers four pixels per clock.  The medium mode 
requires two camera link cables and a capture card 

Serial Commands   

Target Index Command R/W Description 

0x04 0x00 CL Format W 0x0000 = Camera link Base 
0x0001 = Camera link Medium 
0x0002 = Camera link Medium overclock 

Quick FAQ’s: 
►The RMV-71 has two clock sources. A 30Mhz clock 

for meeting the manufacture spec for the sensor 
and a 40 (or 42.5 or 44)Mhz clock for overclocking 
and base mode operation. 

►Camera link data rates are defined to be 85Mhz 
maximum. 

►Frame and line times for various window modes 
are shown below. 
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8.3 Camera Link 
Camera Link Valids 

The RMV samples and processes the en-
tire area of the image sensor.  In the standard oper-
ating mode only the active image area is output on 
the camera link as valid data.  The LVAL/FVAL sig-
nals, which define the valid pixel data, can be pro-
grammed to output any part of the image including 
the optical black clamping areas.  FVAL start/stop 
are specified in lines.  LVAL start is in pixels plus 
the overhead of the CCD vertical clocks.  LVAL 
stop is specified as the same as LVAL start with the 
exception of its maximum value is 1.  VALID starts 
and stop changes are not stored on system save 
and must be reprogrammed each time they are 

Serial Commands   

Target Index Command R/W Description 

0x04 0x1b System Registers R 0x0008 = LVAL Start 
0x0009 = LVAL Stop 
0x000a = FVAL Start 
0x000b = FVAL Stop 

0x04 0x27 System Registers W 0x0008 = LVAL Start 
0x0009 = LVAL Stop 
0x000a = FVAL Start 
0x000b = FVAL Stop 

Quick FAQ’s: 
►LVAL = Line VALid:  This Camera Link signal indi-

cates when pixel data is valid with a line.  
►FVAL = Frame VALid:  This Camera Link signal 

indicates when line data is valid with a Frame.  
►LVAL start and stop define a lines active pixels and 

are in some weird internal FPGA counting unit. 
►FVAL start and stop define a frames active lines 

and are directly related to the sensor design. 
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FVAL Stop 
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8.4 Camera Link 
Raster and Exposure Detectors 

 Cameras like the RMV are very complex 
and can generate many different raster formats.  To 
document all possible combinations of binning, par-
tial scan and triggering is next to impossible.  To 
alleviate this the RMV incorporates a set of raster 
detectors that measure the video image raster as 
sent to the capture device.  These measured val-
ues can be used to set the capture parameters.   In 
addition to the raster size an exposure detector is 
included.  The exposure detector measures the 
exposure of the CCD sensor in units of the master 
pixel clock rate.  The frame CRC is used in the built 
in test functions of the camera. 

Serial Commands   

Target Index Command R/W Description 

0x04 0x1b System Registers R 0x0000 = Pixels per line 
0x0001 = Active pixels per line 
0x0002 = Lines per frame 
0x0003 = Active lines per frame 
0x0012 = Exposure counter low word 
0x0013 = Exposure counter high word 
0x0014 = Frame CRC 

Quick FAQ’s: 
►Active pixels per line = LVAL active pixel count. 
►Active lines per frame = FVAL active line count. 
►The exposure detector counter is a 32bit integer.  

This gives a range of exposure from one clock peri-
od to over 2 seconds.  

►Exposure is measured in pixel clock periods.   
 A 40Mhz clock has 0.025us periods 
 A 30Mhz clock has 0.033us periods 
 A 20Mhz clock has 0.050us periods 
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8.5 Camera Link 
Coreco CamExpert Setup 

Xcelera-CL_PX4 Example 

Medium format 
 

4 pixels per clock 
Left to right  

Top to bottom 
 

Note: changing from  
Top-to-bottom to  

Bottom-to-top will flip 
the image vertically ! 

Base format 
 

2 pixels per clock 
 

Left to right  
 

Top to bottom 
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8.5 Camera Link 
Matrox intellicam Setup 

Base format, 2 pixels per clock, Left to right  
 

Medium format,  4 pixels per clock, Left to right  
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8.5 Camera Link 
Power Over Camera Link: POCL 

 
The RMV-71 is designed to the POCL specification.  Due to certain timing and 

power restrictions the POCL interface is not currently available. 
 

POCL PWR 
Note:  Internal 
(PC)  power 

may be required 
to power the 

camera. 
 

For example J7 
is used to sup-

ply power on the 
PX4 capture 

card. 
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RMV 
Camera 

Capture Card 

Lemo 6 
Connector 

Strobe Out 

+12V DC In 

Camera 
Link 
Connector 

5 Pairs of video data  
    4 data and 1 clock 
 
2 Pairs of com data 
    Send and Receive 
 
4 pairs of camera control 
    CC1, CC2, CC3, CC4 
    Where CC1 = trigger 

Lens 

User Computer 

Camera Link Cable 

Capture Card 
Drivers 

Users Imaging 
Software 
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This section of Frequently Asked Questions is intended to 
help the first time user to setup and control the camera. 
 

FAQ# 1: Coming soon ! 
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IMPORTANT NOTICE 
 

 Illunis LLC reserve the right to make changes to their products or to discontinue 
any product or service without notice, and advise customers to obtain the latest version of 
relevant information to verify, before placing orders, that information being relied on is cur-
rent.  All products are sold subject to the illunis terms and conditions of sale supplied at the 
time of order acknowledgement, including those pertaining to warranty, patent infringe-
ment, and limitation of liability. 
 
 Illunis LLC warrants performance of its products to the specifications applicable at 
the time of sale in accordance with illunis’s standard warranty.  Testing and other quality 
control techniques are utilized to the extent illunis deems necessary to support the warran-
ty.   Specific testing of all parameters of each device is not necessarily performed, except 
those mandated by government requirements. 
 
 In order to minimizes risks associated with customer applications, adequate de-
sign and operating safeguards must be used by the customer to minimize inherent or pro-
cedural hazards.   Illunis products are not authorized for use as critical components in life 
support devices or systems that are intended for surgical implant into the body, or support 
or sustain life, and whose failure to perform when properly used in accordance with instruc-
tions for use provided, can be reasonably expected to result in a significant injury to the 
user.  A critical component is any component of a life support dev ice or system whose 
failure to perform can be reasonably expected to cause the failure of the life support device 
or system, or to affect its safety or effectiveness. 
 
 illunis assumes no liability for applications assistance or customer product design.  
Illunis does not warrant or represent that any license, either express or implied, is granted 
under any patent, right, copyright, mask work right, or other intellectual property right of 
illunis covering or relating to any combination, machine, or process in which such products 
or services might be or are used.  illunis’s publication of information regarding any third 
party’s products or services does not constitute illunis’s approval, license, warranty or en-
dorsement thereof. 
 

 Reproduction of information from the illunis web site or data sheets is permissible 
only if reproduction is without alteration and is accompanied by all associated warranties, 
conditions, limitations and notices.   Representation or reproduction of this information with 
altercation voids all warranties provided for an associated illunis product or service, is an 
unfair and deceptive business practice and illunis is not responsible or liable for any such 
use. 
 
 
 

For more information on any illunis product including detailed specifications and options 
please visit our web page at www.illunis.com or email info@illunis.com or call us at the 
number below.  illunis specializes in applying our proven intellectual property to your cus-
tom requirements at realistic NRE fees - call and find your solution today. 

   illunis LLC                                                            Phone: 952.975.9203 

   Worldwide Sales                                                                    FAX:    952.294.8308 
   14700 Excelsior Blvd.                                                         email: info@illunis.com  
   Minnetonka, MN  55345                                                         web: www.illunis.com 
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RMV-71 Firmware Revisions 

 
  

Issue Date Modification 

F0.36 11-5-13 First release of demo systems 

F0.40 1-15-14 Addition of individual column offsets in addition to internal 16 column 
offset registers.  Improvement of FFC and black level setting. 

F0.41 3-7-14 Production release.  Fixed FFC load bug and added black level for each 
readout mode. 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   


