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COE-71 Precautions

Do not drop, damage, disassemble, immerse, repair or alter the
camera.

Applying incorrect power may damage the camera electronics.

The warranty is void if the camera is opened or modified in any
way.

Care must be taken in handling as not to create static dis-
charge that may permanently damage the device.

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

The maximum Camera Link data rate is 85Mhz. This limits the
maximum pixel clock speed to 42.5Mhz, which is provided as
an overclock mode. Operation is guaranteed at 30Mhz pixel
clock and below.

PoCL cables are compatible with the COE-71
camera. PoCL camera power is not supported.

Specifications subject to change without notice.
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Camera Power
6-12 V DC Power to the Hirose 6 pin connector.
Mating Connector: Hirose HR10A-7P-6P

PIN SIGNAL NAME

+12V
DC Ground
Trigger IN
STROBE OUT
NO CONNECT
NO CONNECT

o ok~ NP

View from Camera Back

Capture Card
Any Base Mode or Medium Mode Camera Link capture card
Such as: BitFlow Axion 1xE.

Imaging SDK
Available from your capture card supplier.

Camera Link Cables
One or two Camera Link cables (Mini HDR to SDR) must be
rated at 85Mhz or more (two cables for Medium Format).

Camera Communication Software

Opto Engineering Camera Serial Communication Software (GUI)
Download at:
https://www.opto-engineering.com/products/coe-area-scan#Downloads
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Getting Started Camera Link

V13

To start imaging with the COE-71 CL:

Install the capture card and software per the capture card
manufacturers instructions.

Connect the COE-71 Camera Link cables paying attention
to the base and medium connections

@ = @ |
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Installing the Opto Engineering Camera Serial Communication
Software:

Download and install the Opto Engineering Camera Serial
Communication Software (GUI) from
https://www.opto-engineering.com/products/coe-area-scan#Downloads

Background:

Per the CameraLink standard, all serial communication is via the .dll
clallserial.dll, which dynamically loads the serial communication .dlI(s)
specific to the frame grabber being used. Opto Engineering installs

:C clallserial .dll in its application directory.

C clallserial.dll examines the registry to see where the capture card specific
" — communication dlI's have been installed. The naming convention for the
_I capture card specific communication dll's is clser**.dll where *** is the

manufacturer specific dll name. The files MUST be in the form clser***.dl|

CG in order to be recognized. Some capture card manufacturers will append

N something like clser***x64.dll for the 64 bit version of the .dll. This file

name must be changed to clser***.dll in order to be recognized by

()] clallserial.dll.

O OE camera
control app
Y

q) clallserial.dll
)

S

h 4
(j) clserxxx.dll clseryyy.dll clserzzz.dll
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The registry:

When clallserial.dll is loaded by the Opto Engineering serial communication
application, it looks at the Registry entry:

HKEY_LOCAL_MACHINE\SOFTWARE\Cameralink CLSERIALPATH.

The location pointed to by CLSERIALPATH is typically C:\Cameralink\Serial,
but could be any path that a capture card install might create. It is important to
note that the capture card communication dll(s), clser***.dll must be at this
path location. clallserial.dll should NOT be in this location.

File Modifica Visualizza Preferiti 7
4 18 Computer “ || Nome Tipo Dati
-l HKEY_CLASSES ROOT -i_"\| (Predefinita) REG_SZ {valore non impaostata)

- HKEY_CURRENT_USER “_"\ICLSERIALPATH REG_SZ Ch\Cameralink!\Serial
4. | HKEY_LOCAL_MACHIME

. BCDOO0OO0O0
. HARDWARE
o | SAM
“ | SECURITY
4. | SOFTWARE
P | AGEIA Technologies
b - AppleInc.
, ASUS
- . Cameralink
, CBSTEST
. Claszes

m

If the capture card communication dll is spec 1.1 compliant, the user will find
this directory already created.

The Opto Engineering control app installs clallserial.dll for the appropriate
operating system in the application folder. Depending on the application
version, some documentation may be installed in the application folder as well.

If the registry entry above does not exist, create it as well as the directory
C:\CameraLink\Serial

In either case, copy-paste the clser**.dll files to C:\CameraLink\Serial

Page 8
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Installing prerequisite software:
The status of these items can be checked in the Control Panel ->

Programs and Features listing. If necessary download and install the
following prerequisites.

1. .NET Framework 4.5 to be installed from:_

https://www.microsoft.com/en-us/download/details.aspx?id=30653

2. Visual C++ 2010 Redistributable from:_

https://www.microsoft.com/en-us/download/details.aspx?id=14632

3. Visual C++ 2013 Redistributable from:_

https://www.microsoft.com/en-us/download/details.aspx?id=40784

Started Camera Link
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Started Camera Link

Install the Camera Serial Communication Software:

‘@ Camera Control App x54 7.1.24 |E| = |E|
Welcome to the Camera Control App x64 7.1.24
Setup Wizard

The installer will guide you through the steps required ta install Camera Control App x64 7.1.24 on
pour camputer.

WARMING: This computer program is protected by copyright law and international treaties,
Unautharized duplication or distribution of this program, or any portion of it, may result in severe civil
ar criminal penalties, and will be prosecuted to the maximum extent possible under the law.

f&l Camera Control App x54 7.1.24 EE@

Select Installation Folder

The installer will install Camera Control App =64 7.1.24 to the following folder.

Toinstall in this Folder, click “Mext”. To install to a different folder, enter it below or click "Browse".

Folder:

C:\Program Files\Opta Engineering\Camera Contral App x64 7.1.24% Browse:

Install Camera Control App x64 7.1.24 for yourself, or for anyone whao uses this computer:

() Everyone
@ Just me
Cancel ] [ < Back ] [ Next » ]
ﬁ Camera Control App x64 71.24 EE@

Confirm Installation

The installer iz ready ta install Camera Control App =64 7.1.24 on your computer.

Click "Hext" to start the installation.

Cancel ] [ < Back ] [ Mext >

Launch the installer

Select the installation
folder

Confirm
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ﬁ Camera Control App x64 7.1.24

Installation Complete

Camera Contral App =64 7.1.24 has been successfully installed.

Click "Close" to exit

Pleasze uge Windows Update to check for any critical updates tothe MET Framework.

Cancel < Back

Installation complete.

Note: A shortcut to the
program will be placed on
the desktop.

Power up the camera and run the Opto Engineering Camera Serial

Communication Software.

If there are multiple clserxxx.dll’s for multiple cards installed, a choice of

possible connections will be presented.

If there is only a single capture board present and one clserxxx.dll, the

application will simply connect to that card/port.

- Choose the Camera Link Port EI@
Port I Port ID
0 Teledyne DALSA Xcelera-CL_PX4_1_Serial_0
1 Pleora Uninitialized
2 Pleora Uninitialized
| Pat0 | | Pt | | P2 | | Pou3 | Pats | | pots |
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Opto Engineering Camera Serial Communication Software Main

5= Camera Control Application Rev:7.1.24

Files Comm  Modes

Communication History

Info  State

{r0437000000} 11007
Offset
{r7400000000} ' 0010
{r7401000000} ' 000C
{r030d81740k} 10010
{r0304817609} 1 000§
{r0304817607} 1 1A0A
{r030d814£30} 1 64FF
{r030d817a05} 10005
{rFEB0000000} ! 0F9B
{rFEB2000000} | 1C6E
{rFEE4000000} 11173
(rFES8000000} ! 0360
{rFESA000000} !0240
{rFESCO00000} 11C34
{rFE18000000} !0410
Start
{rFDEFO00000} 10042
{rFE46000000} 10245

Read Master Dig -

Read Clamp Start
Read Clamp Size
Read HBLK Index
Read HELK DT
Read HBLK ST
Read ADC Pipes
Read OSD Rate
Read DT HCNT
Read ST HCNT
Read V CNT

Read HVCCD

Read H Short
Read Flush
Read Xfer Pluse

m

Read Xfer Pluse Len
Read HBLK Start

Camera Generic Read/Write Packets

Image Corrections

Firmware Loader
PIO Registers
EEPROM

ADC's

Tuning Parameters
FPGA Serdes

Comn Test

IBIT Testing

oo =)

Manufacturing | Help

- 45653
uC Major Rev- 00EF
uC Minor Rev: 0085

FPGA Maijor Rev: O0EF

FPGA Minor Rev: 0099

Substrate Volts: 7.40

Max Temp deg C: 53

Clock Rate: 40.00

Target Index Command Checksum  Response Formatted Sting

04 o7

0000

0000

[ wite | [ Read |

[ Checksum |

Command

Enable
Wr Response

Disabled Menus

By default, sensitive menu
items are disabled to pre-
vent inadvertent changes to
the camera state. To enable
them, a new shortcut has to
be created on the desktop.

First, delete the desktop
shortcut created by the
installer.

Creating a new shortcut for program options:

@Qv‘ <« Progammi » Opto Engineering » Camera Control App x4 7.1.24 « [42 ][ cercac:
Organizza v B Apri Masterizza Nuova cartella
D — Nome ’ Utima modifica  Tipo Dimensione
B Desktop [% CameraFunctionsDLL 19/04/20181202  Estensione dell'ap... 23¢8
&8 Download [} CameraFunctions.pdb 19/04/20181202  FilePDB 3248
% Risorse recenti [ ChilkatDotNetd.DLL 18/12/201217:06  Estensione dell'ap.. 7.250 kB
[ clallserialdll 28/10/20151312  Estensione dell'ap.. 150 kB
4 Raccolte [27] CpntrolAnnCSharn.cxe 19/04/2018 12:02 Applicazione 1660 KB
[ Documenti [EXel Apri ML Configuratio.. 1KkB
&= Immagini [ c & Eseguicome amministratore ile PDB 1994 KB
o Musica ¢ Risoluzione dei problemi relativi alla compatibiita Roplicazione 23K8
B Video EXe! 7-Zip » KML Configuratio.. 18
[1g  cRcsHA » File MANIFEST 18
8 Computer [# 6 @ visualizza file stensione dell'ap.. 35K8
&, Disco locale (C) G ile PDB 20k8
= | (@ Controllo con ESET Endpoint Security B
(a Riservato per il sister  [5 il ML Configuratio... 1K
s Disco locale (F) [y  Opecniavaniate * Estensione delfap.. 264 KB
= TOSHIBA (G /M Aggiungialle barra delle applicazioni ile XML 26K8
o= FLASHDRIVE(H) 4] M Aggiungi ol menu Start stensione dell'ap.. 368
S® marketing (\OptoFi %] S Ripristina versioni precedenti stensione dell'ap... 13KB
EJB HI9T iaa v [} Cartella compressa
G Rete Taglio B Desktop (crea collegamento)
Copin 4% Destinatario fax
_J Destinatario posta
Crea collegamento & Documenti
@& Elimina Q sope
() |t B TeamViewer
Proprieta &3 Unita DVD RW (D:)
o= TOSHIBA (6
= FLASH DRIVE (H:)
\.—,/ ControlAppCSharp.exe Ultima modiica: 18/04/201812:02 Data creazione: 19/0 s marketing (\\OptoFile.optolocal) ()
Applicazione Dimensione: 162 MB & Dati @)

Create a new Shortcut

Navigate to the program
install directory and right
click on the file with the
OE icon and extension
.exe. Choose -> Send to
-> Desktop. This creates
a new desktop shortcut
icon.
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Adding options to the shortcut command line:

Apri

Risoluzione dei problemi relativi alla compatibilita

Controllo con ESET Endpoint Security

Opzicni avanzate
Apri percorse file

Aggiungi alla barra delle applicazioni

Aggiungi al menu Start
Ripristina versioni precedenti

Invia a

Taglia

Copia

Crea collegamento
Elimina

Rinomina

Proprieta

_',__Tﬁ Proprieta - Camera Control App x64 7.1.24.exe @
Sicurezza Dettagli Wersioni precedenti
Generale Collegamento Compatibilita

i—% Camera Control App x64 7.1.24 exe

Tipo: Applicazionz
Percorso:

Destinazione:  |Camera Control App x64 7.1.24

Da: Jineering\Camera Cortrol App xhd 7.1 24Y" expert
Tastidisceta  pogoing

rapida:

Esegui: Finestra normale V]
Commento:

Apri percorso file Cambia icona... Avanzate...

[ ok [ Aonula | [ ppica

Right click on the newly created desktop
icon and select Properties.

Add a space and the word
expert after the close quote
on the Target: line of the
dialog box: .exe” expert

Choose OK.

When the program is
launched, all menus will be
enabled. NOTE: Use care
with all menus enabled as
some changes cannot be
undone and may require
the camera be returned to
the factory for remedy.
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Exposure / Readout:

Start with this dialog box.

' Camera Control Application Rew:7.1.24

Files Comm | Modes | Info  State  Image Corrections  Manu
c S | Exposure/Readout

—— Soft Trig (100ms)

{r04370000 -

Dffaet Soft Reboot

{x74000000 .

{+74010000 Trigger and Strobe Setup

{r030d81740k} 0010 - Read HBLEK Index
{r030d4B817602}!0D06 - Read HEBLK DT

Camera Link Output
() Base Mode 20Mhz
() Medium Mode 30Mhz
@ Medium Mode 40Mhz
Test Pattems

@ Disable

7 Input

) Output

() Serdes TRO

Refresh

{r0304817807) ' 1A0E - Read HBLK ST Camers
[r030dB14F30} 1 64FF — Read ANC Pipes
{r030d817a05} 10005 - Read OSD Rate
{rFES0000000}'0F9E - Read DT HCHNT
{rFE&2000000}11C6E - Read 5T HCHNT
{rFES4000000} 111753 - Read V CHT C
{rFESS000000} 10960 - Read HVCCD uCl
[rFESAO00000} 10240 - Read H Short uC |
{rFESCO00000} 11C94 - Read Flush r FPG"":
{rFE18000000} 10410 - Read Xfer Pluse | | II::.G“
o frmReadout :  Micro F0-TE FPGA FO-61 =0 E=R==
Readout Modes Exposure
[] Sequence Trig En @ Manual ) futo
@ Free Fun Manual Exposure Parameters
(=) Trig Program Exposure [ < ][ /2 l[ Set ][ 2 ][ > ]
66 ms
() Trig Flash U
[ Fash Flush
[F] Bxtemal Trig En Gain and Offset
[C] Mech Shutter En &=tz
Gain: U 1
‘
Data Farmat Offset: G 0
Histogram EQ
- " [ Enable
@ 8 Bits
- - Set
7] Battom 3 Max HEQ Gain -
Comections

En Pixel Comector
|| En Column Comector
[ En Row Comector

Flat Field Comection
Offset Comection

Hot Pixel Comection
[] En Het Pixel Comector
Comection Mono

Change Camera Readout Sizes
Select Readout Size -

Page 14
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Camera Control Application Details:

85/ Camera Control Application Rev:7.1.24 =2 =

Flles Comm Modes Info State Image Comections Manufacturing Help Maln Dlalog
e - 2 R The main dialog box provides access to the
[N 00 DB I NS Cars fomation various functions of the camera. Menus are
s o - used to access sub-dialogs. A generic
Gl LRI o o sarosons camera register read/write feature is pro-
e’ - B i e vided.

T e

‘ - In addition, a history of communication is
o e s e ormste s also provided in this dialog box.
oo - e mer

[ weee |

u;) frmReadout @ Micro FO-TE FPGA FO-61 ===

Readout Modes Exposure

S| Modes->Exposure and Readout

Manual Exposure Parameters

Y

©) Tg Program Exposure

66 ms
©) Trig Rlash
[] Fash Flush
[7] Extemal Trig En Gain and Offset
[] Enable Uniy

[T Mech Shuter En

= 0

Data Format Offset: ] 0
Histogram EQ
s Enable:
@ 8Bis o
Mo HEQ Gan
[] Bottom 8

Camera Lirk Output Corrections

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, the user can set the Camera Link
mode, test patterns, digital gain and offset,
and histogram equalization.

Pre-defined windowing modes can be se-

) Base Mode 20Mhz
©) Medium Mode 30Mhz
@ Medium Mode 40Mhz
Test Pattems

© Disable

© Input

71 Output

%) Serdes TRO

Refresh

En Pixel Conector
[] En Column Corrector
[ En Row Comector
Hot Picel Comection
("] En Het Pixel Comector
Comection Mana

Change Camera Readout Sizes

Select Readout Size

Flat Field Comection
Offset Comection

0080 Threhold Reg (Hex)
Read Wiite

-

lected. A reset (Enable TG) is available.

o Trigger-Strobe: K3717080005 Micro FO-TE F... |- |[ = |[mds]

Trigger Configuration

Trigger and Strobe Setup

@ ccl

Signal Polarity

Trigger Input Select

) Exdemal Connector

[ Echo Trigger

Trigger Polarity

@ Active High
) Active Low

Clock Rate Whz This dialog box is used to set the trigger source
and polarity. The strobe output is only available
RMVTI in the Trigger Exposure Mode.

Strobe Out Polarity

@ Active High
) Active Low
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Camera Control Application Details:

a7 FrmModeReg :
Mode Register 1
[F] osc o2
7] 30Mhz
4250z (0SC)
(] Full Readout
(7] Base Mode CL
Medium Mode CL
7] Output TP
7] Input TP

[ Bottom 8

8Bt

[ 108t

[ 128t

[C] Trigger Source:

[T Trigger Polarty

[ Strobe Polarty
FreeRun  (Bt0)

Refresh

Micro FO-7E FPGA FO-61

Mode Register 2
[C] M28BF

[C] Fast Flust

[T Tig-TPE Seqence
[C] TigTME

[£] COT Loaded

[[] COTEn

[T] CGT Loaded

[] CGTEn

0020
[ M287

[T Row Cor En

Pivel Cor En

[F] Column Cor En

[ Hsto Eq

[ LUT Loaded

[F] LUT Enabled

[F] Dig Gain / Offset En

Mode Register 3
[ 0SD Sre (3)

[ 0SD Sre (2)
08D Sre (1)
08D Sre (0}

[ osp L

] OSD Color Mode
08D 2«

[ 0SD Text

3200
[ ospcp

[ AEClose s
[] AEOpen s
[C] AE Hysteresis
[ AE s

[C] AE Brposure
[ AEGan

0 Ae

(E=8 BB =X
Mods Register 4
[0 M BF
[C] 4 BE
] Trig Shut
[C] Trig Flash
[ MeBB
Hat Pixel - Mono
[C] Hot Pocel Cor En
[C] Baud 115200

0410
[ Baud 57600

[ Baud 38400

[ Baud 15200
Buad 5600

[ Show AF Ful

[ Show AF Data
[E1 Show AF Window
[ Show AE Window

o Firmware Loader

[E=SER ==

FPGA Micro Controller Factory File in Intel Fomat
File Size Hex Total Lines [ wr
Camera Loader Linesto Go [ Fat Field
Fimware Version

Status

Baud Rate 9600 Auto Baud Adjust

a7 Pixel Defect Map 00F0 :

Edt Defect Type

® Poel

Map Type
Column (H)  Row (v)
0 0
@ (0)No Comsction
(1)Copy Right Pieel
©) (@) Copy Left Poxel
© (3)Copy Average
2 {#) Force Whie
) Force Back
(B)XOR
7) Replicate Last Porel
8)Copy Bayer Ave
) Copy Bayer Rght
© (10) Copy Bayer Left

[ ) (o |

Row Comection Orly

Micro FO-7E FPGA FO-61

Column Fow

Pixel Defect

37705

(E=8 HE 5

Camera Serial Numer

z
5

PCD Defautt Maps

© Whie
O Back

Enable + Load Pirel Comector
[E] Enable + Load Column Comeclor
[T Enable +Load Row Comector

Wite To Camera
Read From Camera

Test In Camera

Soft Tigger

‘Save Defect List To File

Load Defect List From Fie

Defect Offsets
B HOffset Ful Fead
B v offset Ful Wite
B Co ot Ful

{35

Mode

The mode dialog indicates the
current mode that the camera is
in.

Firmware Loader

The firmware loader dialog is used
to load FPGA and Micropro-
cessor code as well as the
EEPROM configuration data.

A useful feature of this dialog is
the ability to save and re- store
the camera to and from a file. If
there are problems with the
camera, the camera state may
be saved to a file and then
emailed to Opto Engineering for
support.

Defect Corrector Editor

The defect corrector editor dialog pro-
vides editing of the defect corrector
tables.
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General Comments:

The control application is for communication with the camera until the user
application takes over these functions. All buttons and sliders show the com-
mand that is being executed in the application main window.

In the main window, there is a generic read and write section allowing any
command that can be found in the manual to be sent to the camera and see
its response.

NOTE: If a camera mode is changed, the corresponding change in the
capture environment will have to be made as they are independent.

Getting Started Camera Link
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=
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Camera Power
6-12V DC Power to the Hirose 6 pin connector.
Mating Connector: Hirose HR10A-7P-6P

A J
(._'P) 5
| i
b
.:')47.'.'.'.2.’.'.'.'.',.'.7 W™ '@ ..;'.:.“,’,2’7.;,’" )
A [T EPRE—_, ree) r¥/ J PETRRTRE-—.Y b -
Med Bass
-~ o~
(<) (=)
{
Mada In USA

View from Camera Back

USB3 Port
The USB camera connection requires a USB 3.0 compliant
hardware port. The camera will not function connected to a USB 2.0

hardware port.

Started USB3

Imaging SDK

Opto Engineering cameras utilize Pleora embedded USB3 hardware in-
side the camera. The imaging application/SDK are available to download
from:

ing

https://supportcenter.pleora.com/s/topic/0TO340000004X6dGAE/ebus-
sdk?tabset-25adb=81d66&tabset-0c866=2

Gett
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Go to downloads to select and download the current viewer for
your environment.

USB3 Cables
Opto Engineering recommends CBUSB3001 cables:
https://www.opto-engineering.com/products/CBUSB3001

Camera Communication Software

Opto Engineering Camera Serial Communication Software (GUI)
Download at:
https://www.opto-engineering.com/products/coe-area-scan#Downloads
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To start imaging with the COE-71 USBS3:
Install eBus SDK software software.
Connect the COE-71 USB3 cable to the camera and PC.

Connect the power cable to the camera and apply power.

@ )
i D -
1] Mode )
U_ Status ()
@ &)
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To start imaging with the CMV-71:

Install eBus SDK software

Additional SDK documentation and resources are available from:
https://supportcenter.pleora.com/s/topic/0TO340000004X6dGAE/ebus-sdk?
tabset-25adb=d1819&tabset-0c866=2&tabset-3b862=2

Additional eBus Player documentation and resources are available from:
https://supportcenter.pleora.com/s/topic/0TO34000000PW53GAG/ebus-
player?tabset-25adb=70906&tabset-ec78c=2

Install the Opto Engineering Camera Serial Communication Software. Follow
the installation instructions beginning on page 7 of this manual, then return here
prior to running the camera control application.

To begin imaging, launch the eBus player.

O <BUS Player [ |-E- ]

File Tools Help
Connection Display

[ Select / Connect I | Disconnect ‘

Acquisition Contral

Source \ =
Mode | -
» [ ]

‘ Play | ‘ Stop |

Parameters and Controls

Communication control |

\ Device contral |

‘ Image stream control |

Press Select/Connect
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Select the
camera
and press
OK

Available Devices Interface Information
e Realtek RTL8168C(P)/8111C(F) Family PCI-E Gigabit Ethernet NIC (NDIS 6.20) 14:da:e| | Description VIA USB eXtensible Host Controller
§ V1A USB extensble Host Controller Vendor ID 0x1106
Device ID 0x3483
Controller Universal Host USE famigia ICH 10 Intel(R) - 3434 Subsystem D 0x34331106
Controller Universal Host USBE famiglia ICH10 Intel(R) - 3435 Revision 1
Controller Universal Host USB famiglia ICH10 Intel(R) - 3A35 Speed Super
Controller Universal Host USB famiglia ICH10 Intel(R) - 3437
Controller Universal Host USB famiglia ICH10 Intel(R) - 3A38
Controller Universal Host USE famiglia ICH10 Intel(R) - 3439 Device Information
Controller Enhanced Host USB famiglia ICH10 Intel(R) - 3A3A Vendor Name Pleara Technolagies Inc. A
Controller Enhanced Host USB famiglia ICH10 Intel(R) - 343C Mode! Name: {PORT NTx-U3-PT03-PEOUPO1-128x.[ |
Version Version 1.0
Manufacturer Info IPORT NTx-U3-PT03-PBOUPO1-128xl
Serial Number 01738026
User Defined Name
Configuration Valid True
License Valid L
Power Valid 3
GenCP Version 1.0
U3V Version 1.0
Device GUID 288701738026
Family Name: iPORT NTx-U3
U3V Serial Number 01738026
Low Speed Supported  False
Full Speed Supported False |
High Speed Supparted True
Super Speed Supported  True
Speed Super kv
T I n v
how unreachable Network Devices
| seteaddess. | [ select fom P Address... | [ o< ][ conce |

eBus Player is ready to image

ing

tt

Ge

V1.3

(D File Tools Help
Connection Display
’ Select { Connect | [ Disconnect |
P adiess
m Model PORT NT¥J3-PTD3 PEOLPO - 128x
! Acquisition Control
Source -
('5 =
-
H Play Stop
Parameters and Controls
[ Communication cantrol ]
[ Dolcontg ] Stream: Oimages NJAFPS N/AMbps Display: N/AFPS
Error count: 0 Last error: NfA
[ Image stream control ] Warnings: N/A
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Started USB3

INg

Gett

<
L
w

Configure the player:

ACquisioon Control

Source
Mode [Continuous hd
[ 4 [ |
Flay Stop
Parameters and Controls
[ Communication control ]
[ Device control ] =
Stresipit, %
Error
[ Image stream control ] Warn -
Areascan
I Pleora Technologies Inc.
DeviceModelName PORT NTx-U3-PTO3-PBOUPD =
. DeviceFamilyName IPORT NTx-U3
SeIeCt DeVICe ContrOI DeviceManufacturerInfo iPORT NTx-U3-FTO3-PBOUPD —
DeviceVersion Version 1.0
DeviceFirmwareVersion 1.01.02.01
DeviceSerialNumber 01738026
DevicellserID
DeviceSFMCVersionMajor 2
DeviceSFMCVersionMinor 1]
DeviceSFNCVersionSubMinor ']
DeviceManifestEntrySelector o
DeviceManifestXMLMajorVersion 1
DeviceManifestXMLMinorVersion 1]
DeviceManifestXMLSubMinor Version [}
DeviceManifestSchemaMajorVersion 1
DeviceManifestSchemaMinorVersion 1
DeviceTLVersionMajor i
DeviceTLVersionMinor ']
DeviceGenCPVYersionMajor 1
DeviceGenCPVersionMinor 1]
DevicelinkSelector i
DevicelinkThroughputLimitMode off
DevicelinkThroughputLimit 400000000 =
DeviceStreamChannelCount 1
DeviceStreamChanneType Transmitter
DeviceMessageChannelCount 1
DeviceCharacterset ASCII
DeviceRegistersStreamingStart
DeviceRegistersStreamingEnd -
Device Link Throughput Limit =
Selector: DevicelinkSelector
Limits the maximum bandwidth in bytes per second (Bps) of the data that  |E
will be streamed out by the device on the selected Link. If necessary,
delays will be uniformly inserted between transport layer packets in order
to control the peak bandwidth.
Min: 8000000 Max: 400000000
Increment: 1 -
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Device Control [ez]
% %% O vty x

DeviceManifestSchemaMinorVersion 1 &
DeviceTLVersionMajor 1
DeviceTLVersionMinar 0
DeviceGenCPVersionMajor 1
DeviceGenCPVersionMinor 0
DevicelinkSelect a =
DevicelinkThroughputLimitMode Off
= ImageFormatControl A
SensorDigitizationTaps Four
WidthMax 16376
HeightMax 16383
Width 10000
Height 7094
Offsetx a
Timestamp Offsety o
1= ImageFoH PixelFormat Monod
SensorDig PixelSize Bppa
WidthM
e PixelColarFilter MNane
HeightMa:
Width TestPattern L Off

4384

o]

o]

PiyelFormat Mono12Padked
Epp12
PixelColorFilter Mone

TestPattern off /

1= AcquisitionControl

[ P Y p [

Started USB3

Set the Device Control parameters

ing

Set the raster to Width = 10,000 , Height = 7094
Turn the TestPattern = off
Set the SensorDigitationTaps = Two or Four
Set the PixelFormat = Mono8 or Monol2Packed

Gett
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Started USB3

INg

Gett

<
=
w

-

Serial Communication Bridge

Port Selection

Bulkd A

Bridge Setup
(@) None

() Serial COM Port Link

() Camera Link DLL

Available/Selected Baud Rates

Statistics

(%]

o

=]
[=

=

Reset

From the Tools Menu on the viewer, choose Serial Communication

Bridge

Serial Cornmunication Bridge

Port Selection

Bulko -

Bridge Setup
) Mone

(") Serial COM Port Link

@) Camera Link DLL

01738026-Bulkn

Available Selected Baud Rates

9600 baud 14400 baud
28800 baud 38400 baud
115200 baud
Bytes sent: 0

Bytes received: 0

]

=1

=]
[:

19200 baud
57600 baud

Choose Camera Link DLL - THEN LEAVE THIS WINDOW

OPEN
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Run the Opto Engineering Camera Serial Communication Software that

&=

was installed previously:

Camera
Control Ap...
o= Choose the Camera Link Port EIIEI

Port I Port ID

i] Plecra 01738026-Bull0

1 Pleora 01738026-Bulk 1

2 Plecra 01738026-Bull2

3 Plecra Urintialized

4 Pleora Uninitiglized

B Plecra Urintialized

3 Plecra Urintizlized

[ Port O l [ Part 1 ] ’ Port 2 l l Port 3 l l Port 4 ] [ Port 5

Choose the BULKO Interface

-

o5l Camera Control Application Rewv:7.1.24 | = || = || £2 |
Files Comm  Modes Info  State  Image Corrections  Manufacturing  Help

Communication History

{r041000cf4} '002ZE - Read Camera Type s
{r07000004fc} 'OOEF - Read FPGA Major Rew
{r07000007F2} 0093 - Get FPGA Minor
Version

{rFEO20020e0}'0000 - Check USB3 Status
{r07000003fd} '00EF - Read uCTLR Major Rev
{r0407000000} 0036 - Read Temperature
{r07000003fd} '00EF - Read Micro Major Rev
{r0700000&8f&}'0085 - Read Micro Minor Rew
{r07000004fc} '00EF - Read FPGA Major Rew
{r07000007Ff2} 10033 - Read FPGA Major Rew

Camera Information

m

{r0312000000} 10041 - Read Sub Voltage Camera SN: 45653
{r0700000&F=a} '0FA0 - Read Clock Rate uC Major Rev: O0EF
{r07000002fe} !B255 - Read Serial Number uC Minor Rev: 0085
{¥0312000000}!0041 - Read Sub Voltage FPGA Major Rev: 00EF

{r07000004£c} '00EF - Read FPGA Major Rev FmSI “r::-‘ He"ﬂ Is; -204?3

{r07000007€9} 0099 - Read FPGA Minor Rewv

Max Temp deg C: 54
{r07000003fd} '00EF - Read uCTLR Major Rev Clock Rate- 40.00
{r07000008£S} 0085 - Read uCTLR Minor Rev i :

Started USB3

Camera Generic Read/Write Packets

Tamget Index Command Checlksum Response Formatted String
04 o7 0000 0000 [¥] Enable

Wr Response
| Wite | | Read | Checksum Format

ing

The camera serial communication software main window will appear.

Gett

<
=
w
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From the Modes menu choose Exposure/Readout

Started USB3

INg

Gett

<
=
w

Readout Modes
[7] Sequence Trig En
@) Free Run

() Trig Program Exposure

(=) Trig Flash

[ Fash Flush

[[] Extemnal Trig En

[C] Mech Shutter En
Soft Trigger

Data Format

@ 8 Bits

[7] Bottom &
Camera Link Output
() Base Mode 20Mhz
() Medium Mode 30Mhz
@ Medium Mode 40Mhz
Test Pattems

@ Disable

) Input

=) Output

") Serdes TRO

Refresh

a2 frmReadout : Micro FO-TE FPGA FO-61

Exposure
@ Manual ) Auto

Manual Exposure Parameters

LeJlea]ls Jl2][2]

66 ms E}

Gain and Offsst
[ Enable

Gain: rj
Offset:

Histogram EG
[7] Enable

Max HEQ Gain:

Cormections

En Pixel Comector

[ En Column Comector

[] En Row Comector
Hot Pixel Comection

| En Hot Pixel Comector
v “amection Mano

Change Camera Readout Sizes
Select Readout Size

-

Uity

Flat Field Comection
Offset Comection

0oso
Read

Threhold Reg (Hex)
Write:

For the COE-71 the following rates apply

Select Base Mode 20Mhz and Data format = 12Bits or 8Bits
Select Medium Mode 30Mhz and Data format = 8Bits for 3fps
Select Medium Mode 40Mhz and Data format = 8Bits for 4.2fps

Choose the same settings that were set in the Player Device Control
earlier.
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@ €BUS Player =
File Tools Help
Connection Display

Disconnect |

IP address N/A

MAC address N/A

GUID

Vendor Pleora Technologies Inc,

Model iPORT NTx-U3-PT03-PBOUP01-128x
Name

Acquisition Control

Source

Mode Continuous

[
Play

ameters and Controls

I Communication control ]

[ Device control ]

Stream: 199 images 2.24FPS 774.76 Mbps  Display: 2FPS
Error count: 0 Last error: N/A
l Image stream control J Warnings: N/A

General Comments:

The control application is for communication with the camera until the user
application takes over these functions. All buttons and sliders show the com-
mand that is being executed in the application main window.

See the Getting Started Camera Link section for more camera
control application dialog box documentation.

In the main window, there is a generic read and write section allowing any
command that can be found in the manual to be sent to the camera and see
its response.

NOTE: If a camera mode is changed, the corresponding change in the
eBus Player will have to be made as they are independent.

Started USB3

INg

Gett

<
=
w
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COE-71 Specifications:

lIew

Camera - Overvi
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Item
Active Image
Sensor Type
Pixel Size
Sensor Output
Video Output
Output Format
Camera Interface
Electronic Shutter
CL Data rate
USB3 Data rate
Pixel Clock
Shutter Speed
Windowing

Black Level
Analog Gain
Digital Gain

Exposure Modes

External Trigger
Software Trigger
Dynamic Range

Defect Correction

Flat Field Correction

Lens Mount

Power - varies with mode and

data interface

Environmental
Vibration/Shock

COE-71
10,000 x 7096 (Windowing optional)
ams/CMOSIS CHR71M
3.1pm x 3.1um
8 taps
8/10/12 bits
Mono or Bayer
Base or Medium Format Camera Link, USB3
Rolling shutter with Global reset
2.11 fps (Base CL), 3.0/4.22 fps (Medium CL)
2.11fps 12bit, 3.0/4.22fps 8 bit
21.25/30/42.5Mhz
Increments of line time.

H increments of 16 columns, V increments of
8 rows

Adjustable
1X ~40X
1X-16X (1/4096 step)

Programmed Free Run, Programmed
Triggered

3.3-5.0vTTL

Per Camera API

64dB

Pixel + Column + Row + Hot Pixel
Column Gain, Tap offset
OEM/M58, Nikon F

6-14V DC, Max 8W

Base Mode ex. ~4.4W @ 12VDC

Medium Mode ex. 30Mhz ~5.4W @ 12 VDC
Medium Mode ex. 42.5 Mhz ~6.4W @12 VDC

Operating OC to 60C, Storage —40C to +85C
10G (20-200Hz) XYZ 70G 10ms
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Camera - Overview

COE-71 Sensor Specifications:

The COE-71 Digital Camera incorporates the ams/CMOSIS
CHR71M-sensor.

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 16 x 8 pixel increments.

Moving window capability.

Selectable pixel clock from two sources (30, 42.5Mhz).

8 analog outputs digitized to 12 bits.

On chip timing for Free Run and Trigger Modes.

Mono or Bayer pattern output.

- Mono is available as High Grade (No row or column defects)

Sensor Specifications

Full well charge: > 13ke.

Sensitivity: 0.15A/W (@ 555nm).

Dark Noise: 7e-

Conversion factor: ~63uv/e.

Dynamic range: 64dB.

- Dark Current: 3.2e-/s @ room temperature.
» Fixed Pattern noise: 0.09 (% of full swing).
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Camera - Overview

\%

[N

3

COE-71 Sensor Pixel Response:
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Figure 22: Typical spectral response of G CHR70M
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COE-71 Sensor Microlens Angular Response:

Angular response

Rutative mipons |%]
[ !
|

4 7

45 l'\ J’v » ~;\ B ] \ " H l; ©
wotation [7]
e tth s Mor s wrth e Vet sm——o plerns Hor W/ e Vet ss——'o sl Mar Of <cortected wi'o e Ver OF comected
GJE COE-71 IR/UV Filter response:
N
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S
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COE-71 Skylight Filter response:

WEWeW2.AVLC

Reflaction (%)
)

e £+ o o 0 "o
Wavelength {nm)

lew
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COE-71 Sensor Pixel Defects - Standard Grade Sensor:

The COE-71 camera uses the ams/CMOSIS CHR71M sensor. The
Standard grade sensor can have the following maximum allowable

defects:
FPN: Max 2% RMS
PRNU: Max 5% RMS

Defective Columns: 15*
Defective Rows: 15*
Defective Pixels: 5000
Clusters 2 pixels: 50
Clusters 3 pixels 20
Clusters 4 pixels 5

*No adjacent column or row defects are allowed.

COE-71 Sensor Pixel Defects - High Grade Sensor:

Iew

The COE-71 camera uses the ams/CMOSIS CHR71M sensor. The
High grade sensor can have the following maximum allowable

defects:
FPN: Max 2% RMS
PRNU: Max 5% RMS

Defective Columns: 0
Defective Rows: 0
Defective Pixels: 5000
Clusters 2 pixels: 50
Clusters 3 pixels 20
Clusters 4 pixels 5

NOTE:
Defects are corrected in the camera hardware as part of the manu-
facturing process.

Camera - Overv

<
=
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71 Camera Link output block diagram:

CLKs External |r—

Trigger and
Strobe  [dm—

=

CL Medium
ams/CMOSIS
CHR70M FPGA
10,000 x 7096
CMOS Sensor CL Base

8 Analog outputs
driving 8 (12bit)

ADC’s uProc

Power and Bias

Temp
EEPROM Sensor LEDs

The sensor output data is 8 analog taps. Each tap is digitized with an analog to
digital converter (ADC) with 12 bit precision. Each ADC is programmable in
gain, offset, data phase, and sensing phase (typically the user never has to
adjust the ADC).

The 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 (12 bit) pixels per clock) or Camera Link Medium
Mode (4 (12 bit) pixels per clock). The Camera Link interface includes trigger and
serial communications.

In addition, an external trigger and strobe are provided on the power connector.

The on-board microprocessor controls the sensor and FPGA operation, as well
as monitors the various sensors within the camera.

Note: In the case of USB3, the FPGA data is output directly to the USB3 inter-
face board.

Page 35
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Camera - Overview

Camera Link

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
receiver accepts the four data streams and the clock, decodes the data, and
drives the 28 bits of data to the 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 CMV-71 uses CCL1 as the trigger source.

The Camera Link interface has three configurations:

Base: Single Channel Link chip, single cable connector.
Medium: Two Channel Link chips, two cable connectors.
Full: Three Channel Link chips, two cable connectors.

Note: COE-71 can operate in a Base or Medium Cameral Link
configuration.
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Camera - Overview

COE-71 Performance Camera Link:

The COE-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 ~3 fps.

Medium Mode can also be selected to run at an overclocked speed of
42.5 Mhz per tap giving a clock rate of 86Mhz and a full frame rate of ~4 fps.

All data rates can be output as 8, 10, or 12 bits per pixel.
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Camera Link
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Pixel Format

The COE-71 camera 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.

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
2 252 250
1 1>1
0 0>0

Channel Format

The Camera Link Base Mode used on the CMV-71 camera, 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 single channel mode.

The Camera Link Medium Mode transfers four pixels per clock. The Medium

Mode requires two Camera Link cables and a capture card that is compatible
with the Medium format.
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COE-71 ROI Frame Rate Table Camera Link:

CMV-71 Base

SensorX
SensorY
ROT clks
ClockMhz

Taps

LineTime us
FrameTime ms

Frames fps

CMV-71 Medium CL

SensorX
SensorY
ROT clks
ClockMhz

Taps

LineTime us
FrameTime ms

Frames fps

CMV-71 Medium CL Max

SensorX
SensorY
ROT clks
ClockMhz
Taps

LineTime us
FrameTime ms
Frames fps

ew

Camera - Overvi
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Full
10000
7096
168
21.25
8

66 73
4735

2.1

Full
10000
7096
168
30
8

47.27
3354

2.98

Full
10000
7096
168
42.5
8

33.36
2368

4.22

4HD
7680
4320

21.25

53.08

37.60
1624

6.16

4HD
7680
4320

425

2654
1147

8.72

2HD
3840
2160

21.25

30.49
659
15.18

2HD
3840
2160
168

21.60
46.7

21.43

2HD
3840
2180

425
15.25

329
30.36

HD VGA
1920 640
1080 480

168 168
21.25 21.25
8 8
19.20 1167
207 56

48.23 178.51

HD VGA
1920 640
1080 480

168 168
30 30

8 8
1360 827
147 40

68.08 252.02

HD VGA
1920 840
1080 480

168 168
425 425

8 8
9.60 584
104 28

96.45 357.0é
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Camera - Overview

V13

Camera Link Valids

The COE-71 camera samples and processes the entire area of the image
sensor. In the standard operating mode, only the active image area is output
on the Camera Link as valid data. The LVAL/FVAL signals, which define

the valid pixel data, can be programmed 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 of 1. VALID start and stop changes are not stored on system
save and must be reprogrammed each time they are needed.

= Q
o ]
n ()]
= LVAL =
> >
~ |~
FVAL Start —— , ....}......
4 Active Area
S
L
FVALStop — v ....L1......
Target Index | Command R/W | Description
0x04 Ox1b | 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

See the section 'Serial Communication' for the use of these commands
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Channel Format

The COE-71 can generate many different raster formats. To document all pos-
sible combinations of binning, partial scan, and triggering is next to impossible;
therefore, to alleviate this problem the COE-71 incorporates a set of Raster
Detectors that measure the video image raster as sent to the capture device.
These measured values 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.

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

See the section 'Serial Communication' for the use of these commands

NOTES
» Active pixels per line = LVAL active pixel count.
» Active lines per frame = FVAL active line count.
» The Exposure Detector counter is a 32 bit integer. This gives a range of exposure from one
clock period 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.

lIew

LVAL Start

Active pixels per line

LVAL Stop

Pixels per line

FVAL Start — o :
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Drawings and CAD Models:

The COE-71 case dimensions are available on the Opto Engineering web site under
the camera and interface of interest. See the web page for the most current
mechanical drawings.

CAD Models are available at https://www.opto-engineering.com.

USB3
i — Ao T
b
: .__—_==T- [ IMAGE PLANE
| of
' | =
\
M58x075 ™ 7 -
MB2OIS e -
e N
—[e® &
\ 5 JT 3
o I
,"'/ \ L]
@p 40|
\ / il
\___ Q 2 ¥ 4 7
{ e
! \i @ p/

Lens Interfaces:

The COE-71 base configuration for all data interfaces is an M58/OEM mount.
Optional mounts include Nikon F.
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Camera Link
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12V Universal Power Supply
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Hardware Overview
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Serial Communication

V13

The COE-71 serial interface was developed for high reliability applications. The interface
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 COE-71 is through the Camera Link cable. The Camera Link committee has
specified that devices connected must first communicate at 9600 baud, but the

COE-71 has a selectable baud rate for faster communication speeds.

The COE-71 microprocessor is a flash programmable device with many features
vital to the operation of the camera. Some of these features include:

. 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.

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 bhit.
. 8 DATA bits — The LSB (DO) is transfered first.
. 1 STOP hit.
. No parity.
Protocol

The COE-71 camera is controlled through command packets. The COE-71 camera is
considered a slave device and never generates data without a read request. The
data packet formatting is described in detail below. Note: 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}. 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
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Start: |ndicates 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
Size = 2 ascii characters - Intel-Standard - two’s compliment of sum of data.

Example 1: Data = 2002, checksum = lower byte of (0x100 — (0x20 + 0x02)) =

Oxde
C Example 2: Data = 0000, checksum = lower byte of (0x100 — (0x00 + 0x00)) =
0x00
. o Example 3: Data = fef0, checksum = lower byte of (0x100 — (Oxfe + 0xfQ)) =
e 0x12
CU End:
U Indicates the End of the frame
o — 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 ?)

Serial Commun

<
=
w

Page 47



&=

COE-71 | OPERATIONS MANUAL OPTO ENGINEERING

COMMAND DESCRIPTIONS

Read Command Structure

The COE-71 camera parses the sequence byte by byte. An invalid read command,
target , or index will cause the camera to issue a NACK. The Host (the user) 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 ttii 0 0 0 O cc}, camera issues !
Camera issues {r tt ii data data data data cc} (NOTE no ACK).

Write Command Structure

The COE-71 camera parses the sequence byte by byte. An invalid write command,
target, index, or checksum will cause the camera to issue a NACK; otherwise, the
write sequence will complete 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 COE-71 camera parser is character by character and will respond with an
immediate NACK if any unrecognized command, target, index, or checksum occurs.

Communication Timeouts

The COE-71 camera micro-controller uses a hardware watchdog timer that will time
out if the time between bytes are longer than 500ms. When sending command
frames to the camera, the host must not have significant delays between bytes sent.

Serial Communication
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Camera Control

Target | Index | Description Read | Modes
Write
0x04 0x00 | CL Format w 0x0000 = Camera Link Base
0x0001 = Camera Link Medium
0x0002 = Camera Link Medium
overclock
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.
Ox5E 0x00 | Full Readout w Sensor 10,000x7096 output
Ox5E 0x01 | Pre-set Window W Window 1920x1080 in center of
sensor
Ox5E 0x02 | Pre-set Window % Window 3830x2160 in center of
(D sensor
Ox5E 0x03 | Pre-set Window w Window 640x480 in center of
U sensor
C Ox5E 0x04 | Pre-set Window % Window 7680x4320 in center of
sensor
cU OX5E 0x05 | Pre-set Window W Window 256x256 in center of
sensor
E OX5E 0x06 | Pre-set Window W Window 1024x1024 in center of
sensor
Ox5E 0x07 | Pre-set Window W Window 2048x2048 in center of
sensor
E Ox5E 0x08 Pre-set Window w Window 4096x4096 in center of
sensor
O Ox5E 0x09 | Pre-set Window wW Window 7096x7096 in center of
sensor
U Ox5E O0xOA | Pre-set Window W Window 10000x1080 in center
of sensor
— Ox5E 0x80 | Set Window Readout | W Must setup X/Y Size as below
CU Ox5E 0x81 | Set Window X Size w Sets width of centered window
: : Ox5E 0x82 | Set Window Y Size w Sets height of centered window
q) 0x60 0x00 | Low Noise Function w Stops internal sensors
U) 0x60 0x01 | Normal Function w Restores all functionality
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Target

Index

Description

Read
Write

Modes

0x04

0x06

Test Pattern

0x0000 = Normal Video
0x0001 = FPGA Input Test
Pattern

0x0002 = Output Test Pattern

0x04

0x07

Camera Temperature

Py

0x04

0x09

Baud Rate

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

0x04

0xD2

Set Camera Link Boot
Baud Rate (Requires
reboot)

R/W

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

0x04

Oxlc

Defect Correction (DC)

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

O0xAO0

Hot Pixel Corrector

R/W

0x0000 = Disabled
0x0001 = Enabled

0x04

OxAl

Hot Pixel Correction
Type

R/W

0x0000 = Color Bayer
0x0001 = Monochrome

0x04

OxA2

Hot Pixel Threshold

R/W

Threshold in dn

0x04

OxA3

# Hot pixels corrected

In # pixels * 256 ( 0x0001 =
256 cor.)

0x04

0x24

Digital Gain

R/W

In units of 1/4096 gain
Example 0x1000 = 1X gain
0xC800 = 12.5X gain

=

Serial Commands

.3

0x04

0x30

Digital Offset

R/W

Signed value
0x0100 = offset of +256
OXFEFF = offset of —255

0x04

0x38

Digital Gain/Offset Ena-
ble

R/W

1 = enable, 0 = disable

0x04

Oxod

Bit Depth

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

0x0000 = negative strobe
polarity
0x0001 = positive strobe
polarity
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Target Index Description Read Modes
Write
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
high
0x0014 = Read CRC
0x04 OxFF Base Reset W Resets camera mode to:

free run 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 w 0x0000 = Checksum of data
(Cleared on re- 0x0001 = Checksum of command
start) and data

Exposure Type

The exposure type is either Free Run Mode or Trigger 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,
and then reads it out.

Target | Index | Description Read | Modes
Write
0x04 0x03 | 0x0000 W Set Free Run Mode

0x04 0x03 | 0x0001 Set Trigger Mode

0x5C 0x01 | # of frames Set number frames read in Trigger
Mode

Set Trigger Source Camera Link

0x04 0x03 | 0x0009

g g g =

0x04 0x03 | OxO00A Set Trigger Source power cable

(external)

Serial Commands
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Serial Commands

Exposure Control

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 variable (milliseconds or
microseconds). The closest available time is selected and set in the internal

time variable.

Target | Index | Description Read | Modes
Write
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 (OXFFFF =
to large).
0x02 0x05 | Soft Trigger Time w Software trigger in ms 1 - 65535
0x02 0x06 | Set Trigger high W Sets internal trigger high (active)
0x02 0x07 | Set Trigger low w Sets internal trigger low
Bit Depth
Target | Index | Description Read | Modes
Write
0x04 0x0d | Output Bit Depth w 0x0000 = 12 bit mode
0x0001 = 10 bit mode
0x0002 = 8 bit mode
0x0003 = Bottom 8 bits (as Msb)

Strobe Signal

The COE-71 Strobe Signal is a 3.3V LVTTL signal that is active when

the sensor is triggered and exposing an image. The Strobe Signal is useful
for analyzing and optimizing imaging applications. The strobe can be used
to activate an illumination source. If used in this fashion, the Strobe

Signal cannot drive significant current and should be buffered.

Target | Index | Description Read | Modes
Write
0x04 0x0e | Strobe Control Write | 0x0000 = negative strobe polarity
0x0001 = positive strobe polarity
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Memory Management

Target | Index | Description Read | Modes
Write

0x03 0x00 | Save Camera State w Wait for acknowledge before
removing power.

0x03 0x00 | Save Camera State in | W Returns immediately, operates in

Background background.

0x03 0x02 | Restore Factory State | W Wait for acknowledge before
removing power.

0x03 0x03 | Copy User to Factory | W Wait for acknowledge before
removing power.

0x03 0x09 | Reset EEPROM CRC | W

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

0x03 0x0e | EEPROM Byte R/W Oxaaaa - address
Read address directly
Write data byte to 030c then write
030e with address.

System and Status

Target | Index | Description Read | Modes

Write

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

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

Parameters 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 CIk Speed
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Target | Index | Description Read | Modes
Write
Ox5E 0xDO | Get Line Time R Returns line time in us
Ox5E 0xD1 | Get Frame Time R Returns frame time in us
Ox5E 0xD2 | Get Frame Time R Returns frame time in ms

Gains and Offsets

The COE-71 camera has 8 individual analog taps. Each tap is processed by an
analog front end (AFE). Each AFE has two gain stages and a 12 bit analog to
digital converter. The CMOS Sensor has an additional internal gain stage. This
gain is normally set to minimum to reduce 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.

Target | Index | Description Read | Modes
Write
0x00 0x00 | ADC Gain w 0x0000-0x3FF Writes all 8 ADC’s
with gain value
0x00 0x80 | Black Level R/W Higher value is a darker image
0x00 0x44 | Pre (CDS) Gain R/W Sets all 8 ADC’s
0x5C 0x08 | CHR71M Gain R/W 0x0000-0x000F Write sensor gain

1Xto 3Xin 16

steps -3,0,+3, +6dB 12 bits

2dB to 36 dB

tap In

4——— Analog Offset

Serial Commands
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Mode and Status Register Bit Assignments

typedef struct // Status Register 1
{

unsigned int

WDT_ENABLED: 1, //1 = WDT enabled BIT ©
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_registerl_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;

Serial Commands
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typedef struct
{

unsigned int
free_run:
strobe_polarity:
trigger_polarity:
trigger_source:

twelve_bit:
ten_bit:
eight_bit:
bottom_8:

input_TP:
output_TP:
Med_mode_readout:
Base_mode_readout:

full_readout:
osc_42mhz:
Osc_30mhz:
Osc_div2:
} mode_registerl_t;
typedef struct

unsigned int
DGO_enabled:
LUT_enabled:
LUT_LOADED:
HISTO_EQ:

CDC_EN:
PDC_EN:
RDC_EN:
M2_B7:

CGT_enabled:
CGT_LOADED:
COT_enabled:
COT_LOADED:

} mode_register2_t;
typedef struct

unsigned int
AE:

AE_gain:
AE_exposure:
AE_iris:

AE_hysteresis:
AE_OPEN_IRIS:
AE_CLOSE_IRIS:
0SD_CP:

0SD_TEXT:
0SD_2X:
0SD_COLOR_MODE :
0SD_LP:

0SD_SCR:
} mode_register3_t;
typedef struct

unsigned int
AE_WINDOW:
AF_WINDOW:
AF_DATA:
AF_FULL:

BAUD_9600:

BAUD_19200:
BAUD_38400:
BAUD_57600:

BAUD_115200:
HotPixelEnabled
HotPixelMono
M4_BB:

TriggeredFlash:
TriggeredShutter:
CLK_SEL:
PowerDown :

} mode_registerd_t;

Serial Commands
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BPRRR RpRRR RBRRR

e

BPRRR RpRRERR RRRR

e

RPRRR RRRR

B RR R

// Mode Register 1 = READOUT

//
//
//
//

//
//
//
//

//
//

O R KRR

R RRR

1
1

= free run mode @ = trigger

positive strobe polarity
positive trigger polarity
CL 1 = External

12 bit readout
10 bit readout
8 bit readout

= bottom 8 bit readout

input test pattern enabled
output test pattern enabled

//1 = Medium mode readout (4 tap path)
//1 = Base mode readout (2 tap path)

// 1 = 10,000 x 7096 © = window

// Mode Register 2 = Defect and image correction

// Master Digital gain and offset

//1
//1

//1
//1
//1
/!

//1
//1

//
//
//
//

LUT Loaded from EEPROM
Histogram equalization enabled

Column Defect Corrector Enabled

Pixel Defect Corrector Enabled
Row Defect Corrector Enabled

Column Gain Table Loaded from EEPROM

Column Offset Table Loaded from EEPROM

// Mode Register 3 = Detectors and AE

//1
//1
//1
//1

//1
//1
//1
//

//1
//1
//1
/!

//1

auto exposure enabled

AE in exposure mode

AE within hysteresis
AE at max gain - need more light BIT © PRESERVE

= AE at min exposure - need less light PRESERVE

0SD text display enabled PRESERVE
2X text box BITO
0SD Color Mode

0SD Screen type ( bits)

// Mode Register 4 = Communication and misc.

//1 =

//1
//1
//1

//1
//1
//1
//1

//1
//
//
//

//
//
/!
/!

Show AE Window

Show AF Window

Show AF Data

Show AF Data Full Screen

9600 baud
19200 baud
38400 baud
57600 baud

115200 baud
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Lookup Tables

Preset LUTs

The camera has some predefined look up tables that may be loaded quickly into
the camera with one camera command. The tables and commands are listed
below. Once these tables are loaded, the LUT is automatically enabled.

Loading LUT for Use and/or Storage

LUT tables can be created on a PC and loaded into a camera. The Opto
Engineering Camera Control Application has a table create feature, a load table
into camera RAM and EEPROM (storage), and a load table into camera RAM.

To load tables into the camera or enable a stored table in the camera, the
Lut_mode register needs to be set to the desire function.

Target Index Description Read Modes
Write
0x04 0x31 Preset Tables w 0001 = Linear LUT
0002 = Invert LUT
0003 = Knee LUT
0004 = Gamma 0.45 LUT
0005 = Gamma 0.60 LUT
0006 = Gamma 0.70 LUT
0007 = Gamma 0.80 LUT
0x04 0x46 Load Gamma W XXXX when XXXX >0 and
Table XXXX <= 100.
Gamma value is xxxx/100
0x04 0x45 Lut_mode w

0000 = Load LUT From File on
PC , No EEPROM Save

0001 = Load LUT From File on
PC , EEPROM Save

0002 = Load LUT from EEPROM
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Communication BAUD Rates

The Camera Link 1.0 specification allows for serial communication at 9600
baud only. The 1.1 specification (and later) provides for faster rates.

The COE-71 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 COE-71 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: only one of the
baud rates will be used so that if communication is lost it can be restored by
trying the other baud rates.

Once the EEPROM baud rate is set, the camera must be re-powered to set

the rate.
Target | Index | Description Read | Modes
Write
0x04 0x09 Set Current Baud w 0x0000 = 9600
Rate 0x0001 = 19200

0x0002 = 38400
0x0003 = 57600
0x0004 = 115200
0x04 0xD2 | Set Camera Link Boot | R/W 0x0000 = 9600
Baud Rate (Requires 0x0001 = 19200
reboot) 0x0002 = 38400
0x0003 = 57600
0x0004 = 115200

0x04 0xD3 | External Serial Boot R/W 0x0000 = 9600

Baud Rate 0x0001 = 19200
(Requires reboot) 0x0002 = 38400
0x0003 = 57600
0x0004 = 115200
0x04 0xDO | Power Up w Resets camera and powers up
circuits

Serial Commands

\%

=

3 Page 58



COE-71 | OPERATIONS MANUAL

&=

OPTO ENGINEERING

\%

Windowed Readout

The Windowed Readout command changes the

raster readout of the CHR71M sensor. Window sizes are rounded to 16
pixels horizontally and 8 pixels vertically.

=

.3

Target | Index | Description Read | Modes
Write
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.
Ox5E 0x00 | Full Readout W Sensor 10,000x7096 output
Ox5E 0x01 | Pre-set Window W Window 1920x1080 in center of
sensor
Ox5E 0x02 | Pre-set Window W Window 3830x2160 in center of
sensor
Ox5E 0x03 | Pre-set Window W Window 640x480 in center of
(n sensor
U Ox5E 0x04 | Pre-set Window W Window 7680x4320 in center of
sensor
C Ox5E | 0x05 | Pre-set Window w Window 256x256 in center of
sensor
CG Ox5E 0x06 | Pre-set Window w Window 1024x1024 in center of
sensor
E Ox5E 0x07 | Pre-set Window W Window 2048x2048 in center of
sensor
E Ox5E 0x08 | Pre-set Window w Window 4096x4096 in center of
sensor
O Ox5E 0x09 | Pre-set Window w Window 7096x7096 in center of
sensor
( ) Ox5E 0x0A | Pre-set Window w Window 10000x1080 in center of
sensor
Ox5E 0x80 | Set Window Readout | W Must setup X/Y size as below
CG Ox5E 0x81 | SetWindow X size W Sets width of centered window
sq—) Ox5E 0x82 | Set Window Y size w Sets height of centered window
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Backup/Restore

The COE-71 camera control program provides features for saving and restoring the
camera state. Please save the camera state before changing the default state of the

camera.

State data can be saved and restored (from files) for the following:

1) Camera state with optional defect tables.
2) Flat Field Calibration data.
Note: The camera control program may change the communication rate during this
operation.
o/ Firmware Loader o e =)
FPGA Micro Contraller Factory File in Intel Format
Save Regions
| File Size Decimal File Size Decimal File Size Decimal Pixel/Column Defects
File Size Hex %:;ﬂ::@'—f;ﬁn Total Lines [ wr
Camera Loader e (Es [ Fat Field

Firmware Version

Total Pages
Pagesto Go

Retries

Load FPGA
From Fle
Erase FFC Tables

Status

Total Lines

Lines to Go

Load Factory
Fie

Retries

Load
Microcortroller
From Flle

Load Firmware
Assembly (zip)

Save Factory
Fie

Base Rst, Cpy to
Factory. Save Fact

Factory File in Intel Format

File Size Decimal

Total Lines
Lines to Go

Load Factony Save Factory
File File

Camera Save/Restore

Save Regions

Pixel/Column Defects

[ T
[] Fat Field

Base Rst, Cpyto
Factary. Save Fact,

Save Factory File: Saves the camera state to a file for future restores. Options

include defect table.

Load Factory File: Restores camera state from a file. The camera state is saved

in manufacturing and can be emailed to the user.

Save FFC File: Saves the camera Flat Field Correction (FFC) to a file for future

restores.

Load FFC File: Restores camera FFC from a file.
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Triggered Pulse Width Mode

V13

Overview

The COE-71 sensor operates with a rolling electronic shutter and integrates an
internal signal sequencer for image readout.

The internal modes do not natively support the use of a trigger pulse
width exposure control.

Opto Engineering has bypassed the limitations of the CHR70M sensor by
designing a custom sensor sequencer that controls the sensor at a low level
and provides new functionality as describe here:

A sensor flush mode : All lines of the sensor are erased in sequence.
(< 1.5ms)

An externally controlled exposure: Allows for exposure to be pulse width
controlled.

In addition, a programmable strobe output is provided for control of external
synchronization to lighting. The following diagram shows the basic operation
of the sequenced exposure:

(a) Trigger is asserted, flush begins.
(b) Each of the 7096 lines are reset, in order. Image exposure begins.
(c) Exposure of the sensor ends, readout begins.

Trigger

Mode Flush Exposure Readout

(b) (C)/

Externally Sequenced Exposure
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Pulse Width Exposure Control

The external sequencing of the CHR70M sensor allows for a true pulse width

controlled exposure. In this mode, a trigger rising edge begins the exposure

sequence and the trigger falling edge ends the exposure, and then begins the

readout sequence.

Some details of the operation:

(a) Trigger is asserted, flush begins.

(b) Each of the 7096 lines are reset, in order. Image integration

begins.

(c) Trigger is de-asserted, exposure of the sensor ends, readout

begins.

(d) During readout pixels are integrating.

There are two flush modes, a standard line time flush mode, that will result in

uniform exposed images, and a fast flush mode for specialized applications.

(©)

(a) /
Trigger
Mode Exposure Readout
Pixel/ \
Exposure - — ——— / ___/g___ A
(b)
(d)

Externally Sequenced
Pulse Width Exposure
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Triggered Mechanical Shutter

A mechanical shutter can be used in the external sequencing mode to provide a
true global shutter operation of the CHR70M. In this mode the shutter controls
the integration of the image. Flush, exposure and readout all work the same
as before. The strobe output as well as the shutter open and close pulses are
all programmable in delay and duration.

Some details of the operation:
(a) A programmable delay for both the strobe and shutter sequence
is provided.
(b) The shutter open pulse is programmable in duration (usually setat
the factory).
(c) A shutter/strobe delay is programmable.
(d) The shutter close pulse is programmable in duration (usually setat
the factory). (Note: image integration ends at the close of the
mechanical shutter).
This mode requires special hardware consisting of a mechanical
shutter, lens mount and electronics. The fast flush mode is used in
this application.

Trigger [ (?) ©)

T

Mode Flush \ Exposure Readout

I

d Pulsé Width Mode

o

Delay
strobe ——

Shutter —| (d)

open

Shutter (b) |_|

close —

Exposure _ _ _ _ / \
Pixel N\

iggere

Tr

Mechanical Shutter Exposure Overview

<
=
w
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Triggered Pulse Width Mechanical Shutter

When using the mechanical shutter in pulse width exposure mode the shutter
timing is as follows.

Some details of the operation:
(a)On trigger assert a shutter open sequence is initiated.
A programmable delay for both the strobe and shutter sequence
is provided.
(b) The shutter open pulse is programmable in duration (usually set
at the factory).
Depending on the shutter mechanics, the timing of the shutter open
is delayed.
(c) On trigger de-assert a shutter close sequence is initiated.
(d)A delay from trigger de-assert to readout is provided to allowthe
mechanical shutter to close completely.

This mode requires special hardware consisting of a mechanical
shutter, lens mount and electronics. The fast flush mode is used
in this application.

|

Shutter open

LUl ™ ()
Mode Exposure /93@ Readout |
@
Delay Strobe out l—
Shutter open pulse
Shutter close pulse T
.

Pixel/Exposure

Page 64



®
N

<—
< 1T

COE-71 | OPERATIONS MANUAL OPTO ENGINEERING

Triggered Pulse Width Mechanical Shutter Exposure Overview
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Triggered Flash Exposure

A Flash exposure can be used in the external sequencing mode to provide a
true global shutter operation of the CHR70M. In this mode the flash controls
the integration of the image. Flush, exposure and readout all work the same
as before. The sensor must operate and readout in complete darkness for the
flash operation to function correctly.

Some details of the operation:

(a) A programmable delay for the strobe is provided to sync the flash.
(b) The flash illumination determines the exposure.

(c) The strobe duration is programmable.

(d) The readout of the image is in the dark so integration is constant.
(Note: image integration ends at the end of the flash).

This mode requires special hardware consisting of a external flash
control and flash hardware. The fast flush mode is used in this

application.
Trigge E_| (?) (©
Mode HFIushH \Exposure Readout
—_—— - >
Delay
strobe

Flash = [\ @
Pixel/ j
Exposure

Triggered Flash Exposure Overview
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Triggered Flash Exposure Continued

The flash timing is as follows:
(a) Assert trigger
(b) Camera performs fast flush of sensor, flash is delayed until flush complete.
The flush time for each readout mode is:
Base mode 21.25Mhz: 2.34ms
Medium mode 30Mhz : 1.65ms
Medium mode 42.5Mhz : 1.17ms
(c) Exposure begins
(d) Flash is asserted from camera strobe output

GJ (e) Programmed exposure ends and image is readout
U The time for each readout mode is:
Base mode 21.25Mhz: 474ms

O Medium mode 30Mhz : 333ms
2 Medium mode 42.5Mhz : 237ms

Example:
: Set the readout mode to medium 40Mhz {w04000002fe}
dd Set the sequenced exposure mode active {w02430001ff}
U Set the programmed exposure mode active {w04030001ff}
u m— Set the exposure to 15,000 us (15ms) {w02033A982¢}
; Set the fast flush mode {w02220001ff}

Set the ms tick register to 42500 {w0216a60456}

Set the strobe delay to 2ms {w02110002fe}
q') Set the strobe pulse width to 2ms {w02120002fe}
m Set the strobe delay enable {w02100001ff}
5 Begin operation
D_ Or use Triggered Sequenced Flash {w04030012ee}
b Trigoger — — }'/ @ o ©

P
m Mode o m Exposure I Readout I
| - Delay :_|4/‘ (d)
m strobe out — — — /_\
Flash —_——

g 0m1-17m82.0ms 6.0ms 243ms

Triggered Pulse Width Shutter Exposure Details

Tr
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Sequencer Mode Commands

These functions set the parameters associated with the external triggered

modes and shutter/flash strobe output.

Target Index Description Read Modes
Write
0x02 0x43 O=disable, R/W Set External Programmed
1=enable Exposure
0x04 0x03 1=enable R/W Set External Programmed Mode
0x04 0x03 2=enable R/W Set External Pulse Width Mode
q) 0x02 0x10 O=normal, 1=delay | R/IW Set Strobe output mode
U 0x02 0x11 Data = ms delay RW Set Strobe Delay
o 0x02 0x12 Data = ms dura- R/W Set Strobe Duration
tion
E 0x02 0x14 Data = ms dura- R/W Set Shutter Duration (Pulse Width)
tion
0x02 0x17 Data = ms delay R/W Set Shutter Open Delay
—C 0x02 0x18 Data = ms delay R/W Set Shutter Close Delay
0x02 0x19 Data = ms delay R/W Readout delay to allow the shutter
U to close.
e 0x02 0x20 O=disable, R/W Triger echo on strobe out line.
1=enable
0x02 0X21 O=normal, R/W Manual Strobe Control
1=Manual
q) 0x02 0x22 O=normal, 1=fast R/W Fast flush during Trig Pulse Width
Mode
0x04 0x03 0x0012 W Sequenced Triggered Flash
U) Exposure = 15ms
— Strobe delay = 2/3/3ms (base,
5 med30,med40)
Strobe width = 10ms
D— Op:en Delay Close Delay
C Trigger t—lz
L Strobe out ]
q) Shutter open pulse —,‘_—Pul_sa :
c) Pulse
c) Shutter close pulse : :
______ T \

Tr

Shutter open
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Shutter
RO Delay Readout Sensor
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Camera Control Application Support

The Opto Engineering control application has been extended to provide control
of these new features. The most important feature is the selection between
internal and external sequencing modes (Sequence Trig En). In the external
mode, pulse width exposure control is enabled.

Strobe and shutter controls are also provided for flash and mechanical shutter
modes.

The exposure and readout dialog is shown below.

Enable Enable Enable
External Pulse Width Mechanical
Sequencer Exposure Shutter
ot frmReadout : ¢ro FO-TE FPGA FO-61 = ==
Regdout Modes Exposure
Sequengd Trig En @® Manual @ Auto
() Feé Run Exposure Parameters
@ Trig Program Exposure [ < ” 12 H Set H ] ” > ]
(7) Trig Pulse Width
- 58720 ms —}
[ Fash Flush
[ Bxe SE: Gain and Offset o
[] Mech Shutter En === el
Gain: r) 1
Soft Trigger
Data Format Offset: G 0
Histogram EQ
@ 8Bis [C] Enable
- . Set
[ Bottom 8 Max HEQ Gain: -
Comections

Camera Link Output

) Base Mode 20Mhz
(7 Medium Mode 30Mhz
@ Medium Mode 40Mhz
Test Pattems

@ Disable

) Input

) Output

() Serdes TRO

Refresh

En Pixel Comector
En Column Comector
En Row Comector
Hot Pixel Comection
[] En Hot Pixel Comector
Comection Mona

Change Camera Readout Sizes
Select Readout Size

-

Flat Field Comection
Offset Comection

0020 Threhold Reg (Hex)
Read Write
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Strobe and mechanical shutter operation is controlled from the ‘Trigger Strobe’
dialog. The ‘ms Tick register’ controls the timing of the pulses by dividing the
pixel clock to generate a ms clock. For each mode set it to the following:

Base mode 21.25Mhz; 21250
Medium mode 30Mhz : 33333
Medium mode 42.5Mhz : 42500

Note that the strobe can be set to echo the incoming trigger for debugging
purposes.
Other debug modes are provided (Signal output on strobe signal)

Strobe debug off : {wFEO0f000000}
Flush (fast) timing : {wFEOF00B749}
Expose (fast) timing : {wFEOFO00c739}
Readout (fast) timing : {wFEOF00D729}
Mechanical Strobe
Shutter Controls

p

@ BEstemal Connector

[7] Echo Trigger

! Trigger-Strobe: K3717080005 Micro FONE FPGA FO-61 \

Trigger Corfiguration Strobe/Shutter Delay
Tri Input Select

nageripLt == Clock Rate - MhZ 42500 ms Tick Reg
@ CCl Strobe

Signal Polarity
Palarity 5
Trigger Polarity Strobe Out Polarity (9] Polarty Swep
14 Width (ms)
@ Active High @ Active High 2 Open [ms)
() Active Low () Active Low 12 Close {ms)
| Read | | wae |

(= (& =]

Delay Strobe Enable
2 Strobe Delay (ms)
2 Strobe Width (ms)

RMV 71

Mechanical Shutter
[7] Shutter Enable

Triggered Pulse Width Mode

<
=
w
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Firmware Update

COE-71 firmware is updated using the Opto Engineering control applica-
tion by following these steps:
(1) Update to the recommended control application.
(2) Update the FPGA file with the *.bin file and the firmware
loader dialog
(3) Update the EEPROM configuration with the *.fcafile
(4) Update the microprocessor with the *.hex file
(5) Repower the camera, reopen the control app, reconfigure the
camera settings.
(6) If needed recalibrate the black offset and bright FFC.

(2) (4) ®3)

\%

=

.3

e arm/re Loader =l
FPGA Micro Controller Factory File in Infel Format
Save Regions
| File Size Decimal File Size Decimal Row/Column Defects
H File Size Hex Total Lines B LUt
Camera Loader Lines to Go [T Aat Field
Firmware Version
Base Rst, Cpy to
U Total Pages ToalLines

Pages to Go Lines to Go LnadF::dnrv Sa\teFLamnrv

Q Retries Retries
1M Flat Field
Load
Load FFGA
e Load Fiat Field | | Save Fat Field
File File
Status
L Baud Rate 9600 Auto Baud Adjust
m Load Fimware
Assembly (zip)
N
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Pixel, Column and Row Defects

Defect correction is used to “map out “ defective pixels in the camera and
substitute synthesized pixel values. The Opto Engineering Camera Con-
trol Application provides a defect editor to simplify the editing of defect

mapping.
4(2 Target | Index | Description Read | Modes
O Write
q) 0x04 Ox1lc | Defect Correction Write | 0x0000 = Load/Enable Pixel DC
(DC) 0x0001 = Load/Enable Column DC
s 0x000A = Load/Enable Row DC
G) 0x0005 = Disable Pixel DC
0x0004 = Disable Column DC
D 0x000B = Disable Row DC
E o Pixel Defect Map 00EF :  Micro EF-85 FPGA EF-99 = e
: Edit Defect Type
@ Pixel () Column
O Map Type 45653 Camera Serial Numer
Column (H)  Row (V)
( ) ] ] Enable + Load Pixel Comector
_ X [] Enable + Load Column Comector
@ (0) No Comection
~ (1) Copy Right Pixel [W]
© S G Fese
) (3) Average Mono Defect
C ) (&) Force White e
() {5) Force Black
g0 © G008
() (7) Replicate Last Pixel
) (8) Average Bayer
; ) {9) Copy Bayer Right [ Save Defect List To File ]
) {10) Copy Bayer Left
O ©) (11) Average TrueSENSE [ Lo Befect) ishbmmile J
() (12) Copy TrueSENSE Right
m (©) (13) Copy TrueSENSE Left
Defect Offsets
. [ ad | [ Deete | FIR HofsetQT Fi0| HOffset DT FI000 HOffset ST
— [ Gexral | [ st | B voffsetaT B voffset DT B8N VOffsst ST
m B55350 Col OffsetQT  B4080N Col Offset DT B5B38N Col Offset 5T
PCD Default Maps
X e BESI VireTap QT [ Read | [ wite |
~ () Black 3830 v MaxLine @) QT note: V Line Tap = (vertial ines/2)1
& Note: V MAX Line = vertial ines-1
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Black Offset and Flat Field Correction

The CHR71M sensor used in the COE-71 camera requires image processing
for optimal operation. The sensor incorporates a dark field Offset Correction
on the chip. The Offset Correction will correct the 16 column analog

offsets through digital to analog converters. The sensor also requires a
Digital Gain for each of the 10,000 columns. The Column Gain corrects
non-uniformity of the sensor analog paths. The following image shows the
effects of Offset and Gain Correction.

ﬂ

Image with (left) and without (right) Column Gain Correction

Image with (left) and without (right) 16 Column Offset Correction

Flat Field Correction

<
L
w
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Warning: Changing the Flat Field Correction (FFC) tables will impact the
operation of the camera. Before resetting the FFC, make sure the current FFC
table is saved to afile. Files can be saved and reloaded using the Camera Control
Application.

The image processing features of the COE-71 camera can be easily setup by
using the following procedure:

For 16 Column Offset Correction: Use the lens cap or light blocking device.
This test is performed in the dark; therefore, no special equipment is needed.
Only 16 words of data are stored for this correction.

For Column Gain Correction: Use the 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 COE-71 processes the flat field in two passes,
one for the even numbered columns and one for the odd numbered columns. A
total of 10,000 Column Gains are calculated and saved in the EEPROM of the
camera. This process may take over a minute to complete.

For optimum performance, the Offset and Gain calculations should be calculat-
ed under the conditions that the camera is used and should include the follow-
ing parameters:

- Operating temperature.
- Exposure.
- Readout mode and pixel clock speed.

10N

) It is recommended to perform the Black (offset) calibration first followed by the
( ) Bright (gain) calibration.
m a5l frmReadout Micro F0-51 FPGA FO-51 oo ==
Readout Modes Exposure
h @ Free Run @ Manual 2 Auto
Trig Program Exposure Manual Exposure Parameters
L Enable Extemal Triager e e 2] (2] 2
| SotTngger | 20489 | ms —{} .
O — Exposure and Readout Dialog
© 12Bits Gain and Offset C‘
10 Bts Enable Unity )
U o 8o G [ i The exposure and readout dialog
[ setoms S g ; contains the controls for calibrating
U Ca:“::“‘zo”;h —_— the Offset (dark) and Column Gain
) Medium Mode 30Mhz o Enable o (brlght) The Column Gain (FF) can
— Hedum Hode 40Mhz Mex HEQ Gan: s be enabled along with the defect
q) et Fateas Corscn corrections for pixel, row, and col-
@ Disable [V] En Pixel Comector V| Flat Field Comection
» 2 Input [¥] En Column Comector [V] Offset Comection umns.
Output [7] En Row Comector
I I D Semes THE) Hot Pel Comection
] e o I 1 ot Pt Coecr WO Tohod g e Note: Extend the dialog box by
et loests] e dragging the bottom to see the
Current Readout Size
'H; ) e - controls
Calibrate
I | Show Offset ROI

<
=
w
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Flat Field Correct
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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 cali-

bration.

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”.

- Press the “Run Flat Field” button. The calibration will complete and the
Column Gains will be activated in the camera (but not saved to EEPROM).

- Examine the calibration result. If acceptable, press the “Save To EEPROM”

button to save the results.

Note: Currently only one calibration can be saved to EEPROM.

Note: Saving to EEPROM can take several minutes. Watch the On Screen Dis-
play (OSD) frame count as it will restart once the save is complete. DO NOT
POWER DOWN THE CAMERA DURING EEPROM WRITE.

a2 frmFFTable [ ===

Histogram Bins

Flat Field

Run Fiat Field [T] FF Enable

Light source is too bright.

ol frmFFTable =8 =R

Histogram Bins

Saturate | 0

Top | | 0

Mid — " | 63
Lower G | 3

Black 0
Flat Field

Run Fiat Field [] FF Enable
Light source is good.
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Offset Calibration

Offset Correction (Black)

The Black (offset) calibration will present a dialog box asking the lens to be covered in
order to obtain a completely dark image.

Clicking OK will start the Offset Calibration and an on-screen display will be activated to
show the 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
calibration data will be saved to EEPROM and the results will display in the OSD.

The lens cap may now be removed and the camera used.

Flat Field Correction

<
=
w

ARIOHEDOW

Offset Calibration @

Cover camera for black image.

<RIMU  SH 37705, uP FO.17E, FPGA FO.61 @ 42_50 Mh= >
= PCB Temp: 4. 5C
Histogram MIN: 4 rmMAx: 15 Threshold:

Sensor Temp: EE: ]
Exposure S ms
Offset:Ox 4C1

1.00 S54.23
£23 Reset hlack lewvel 1

a.7c PCB Temp:
Histogram MIN: 44
Histogram Bin’

B A S L
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Histogram Equalization

The Histogram Equalization (HEQ) function is provided for applications that need to dy-
namically adjust 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 brightness (AED) detector. The histogram is then measured using a
threshold to determine its minimum and maximum values.

The minimum value is used to set the Master Digital Offset register, which shifts the his-
togram 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
thresholding. The histogram endpoints are not considered in the equalization so that
saturated pixels do not skew the equalization.

Target | Index | Description Read | Modes
Write

0x04 0x60 | Histogram EQ Enable | R/W 0 = disable
0x04 0x61 | Histogram Threshold R/W Range 0x00..0xFF,
0x04 0x62 | Histogram Detector R/W 0 = disable

Enable
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

TN

Threshold )

togram Equalization

Max

lIS
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togram Equal

IS

Low contrast image after Histogram Equalization
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Hot Pixel Correction

The Hot Pixel Correction (HPC) algorithm dynamically analyzes the video data for single
bright (hot) pixels.

Hot pixels are generated by thermal noise in the photo diode of the sensor. Long expo-
sures will create more hot pixels than short exposures.

The HPC does not require calibration. It compares a target pixel with its horizontally
adjacent pixels. The difference of left/right neighbor and the pixel is calculated. If the
difference is greater than the set Threshold, then the pixel is replaced with the average
of the adjacent pixels.

Target | Index | Description Read | Modes
Write

0x04 OxAO0 | Hot Pixel Corrector R/W 0x0000 = Disabled
0x0001 = Enabled

0x04 0xAl | Hot Pixel Correction R/W 0x0000 = Color Bayer
Type 0x0001 = Monochrome
0x04 0xA2 | Hot Pixel Threshold R/W Threshold in dn
Recommended > 0x0010

10N

H a! frmReadout : Micro FO-51 FPGA FO-51 o e =
O Readout Modes Exposire
@ Free Run © Manual  © Auto
Trig Program Exposure Manual Eposure Parameters
m 7] Enable Extemal Trgger = 2 J[ s || 2 2
! St Trgger | 2489 ms — ()
! Data Fomat
O L e ¢ Hot Pixel Comection
@ 8Bis | s o
I stont | En Hot Puxel Comector 0000 Threhold Reg (Hex)
Camera Link Output = ;
O @ Base Mode 20Mhz E ] Correction Mono l Read ] l Write I
(©) Medium Mode 30Mhz
— Medium Mode 40Mhz Max HEQ Gain: =

m Test Pattems Cormections
@ Disable |V] En Pixel Comector . .
2 Input ;E{iEnCo{umnCarrecwr HOt P|Xe| COI‘I‘eCtlon
X D) Cutpit [7] En Row Comector
» — il Ht P Corecto In the Camera Control Program
7] Enable TG ‘Z;;P:C“““ i““l iead ey ey set the sensor type: mono or col-
lfeste] (s or, the threshold, and the enable.

Current Readout Size
Other ...

Refresh

Calibrate

- Set
| Show Offset ROI | Back -|

ot P

<
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Image with Hot pixels

10N

| Correct

IXE

I¢.-‘M‘A~

ot K S N 1%

L
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ot P

Image with Corrected Hot pixels

V13 Page 82



Long Exposures

Long Exposures

The CMV-71 uses the ams/CMOSIS CHR71M sensor. This sensor is implemented in a
CMOS process with 3.1um pixels, and as such does not perform as well as CCD sen-
sors with larger pixels. In particular the dark current performance is approximately 4.5x
worse than a typical Interline CCD sensor with 5.5um pixels.

These are the recommended techniques to minimize the dark current:

1) Reduce the camera and sensor operating temperature.

2) Utilize a dark frame subtraction algorithm.

3) Break longer exposures into many short exposures, subtract a dark
frame and sum the images.

4) Use the Hot Pixel Corrector feature.

The CHR71M specifications (v6) for Dark Signal:

Dark Noise Te - (measured in high gain mode)
Dark Signal 3.2e-/s at Room Temperature

DSNU 6 els at Room Temperature

Full Well > 13ke
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