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SK2048GJR-4L Gigabi
Monochrome Line Scan Camera ETHERNET

2048 pixels, 14 pm x 14 pm, 10 MHz pixel frequency FAST+FLEXIBLE

Instruction Manual

09.2016

Sample Configuration

1 CCD line scan camera
SK2048GJR-4L

mounted with

Mounting bracket SK5105-L
Clamping claws SK5101

4 Focus adapter FA22R-45 (two-piece),
facilitates adjustment of any rotation angle

W N

5 Enlarging lens Apo-RodagonN4.0/80

Read the manual carefully before the initial start-up. For the contents table, refer to page 3.
The right to change the described specifications is retained as the products undergo continuous cycles of improvement.
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How to Use this Instruction Manual

Please read the following sections of this Instruction Manual before unpacking,
assembly or use of the Line Camera System:

¢ The safety warnings on this page
¢ Introduction to the system, page 4
e Assembly and initial setup, page 7

Keep this Instruction Manual in a safe place for future reference.

Safety Warnings

D Electricity Warning

Assembly and initial operation of the line scan camera must be carried out
under dry conditions.

Do not operate the camera if you notice any condensation or moisture in
order to avoid danger of a short circuit or static discharge!

Line scan cameras are mostly used in combination with a motion device
such as a translation stage, a conveyer or a rotational drive, as well as with
high intensity light sources.

For assembly close down these devices whenever possible. Beyond that,
please consider the following warnings:

» Mechanics Warning

Ensure that the motion device and the scan way is free to move and that no
obstacles are in the way.

Do not place any part of the body in the way of moving parts!

> Risk of High Power Lighting

According to the application, laser or high power LED light sources might be
used. These can affect your eyesight temporarily or even cause permanent da-
mage to the eyes or skin.

Do not look directly into the light beam!

> B> P

N

SK2048GJR-4L Instruction Manual (09.2016)



Z
]

Schifter + Kirchhoff ==

HOW to Use this Instruction Manuallllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 2

Safety WarnNings ccciccimcimcmmsmsasmssssssasmssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnsnsnssnsnns 2
CoNtENTS .ot AR R A AR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 3
1 Introducing the sK204SGJR-4L Line scan camera SN E NN NN NN NN NN EEEEEEEEEEEN 4
1.1 Intended PUrpoSe and OVEIVIEW ..........ceeiiiiiiiiiiiiieieeee e e eeeeeeeee e e e e e s essaneee e e e e e e s snnaneeeeeeeeenannns 4

1.2 System Setup at @ GIANCE ......uuu e aaaananaa—n—a—_ 5

1.3 Computer System ReqUIrEMENTS .........uiiiiiiiiiiiiieee e e s e e e e e e e eanes 6

1.4 SK2048GJR-4L Line Scan Camera - SpecCifications ........ccccccciieiiiiee e 6

2 Installation and SetupP .. cccccirircreme e r s s s s s saa s na s n s n s na R R R nnnnnnnnnnnnnnnnn 7
2.1 Mechanical Installation: Mounting Options and DIMenSions...........ccccccvvveeiiiiiiieeeeee e 7

2.2 Electrical Installation: Connections and 1/0 SignalS .......cceeeeeiiiiiiiiiiiiieeiiieeeceeeeeeeeeeeeeeeeeee e 8

2.3 GigE Connections and SkLineScan Software Installation ............ccccconiiiiiiiiiiiiceieeeee, 10
SkLineScan Installation 10

Network Driver Installation 10
SkLineScan Start-up 11

Camera Setup 11

Initial Function Test 11

3 Camera Control and Performing @ SCan...ccuceucmrcmmcmmnmsnmmnnssnssnsssssssssssnsssssnssnnsannnnnnnnn 12
3.1 Software: SKLINESCAN........oooii e 12
Function Overview: SkLineScan Toolbar 12

Basic Visualization of the Sensor Output 13

3.2 Adjustments for Optimum Scan RESUIS .......ccuuiiiiiiiiiiiiiiee e e 14

Lens Focussing 14

Sensor Alignment 15
Gain/Offset Adjustment 15

Shading Correction 16

Integration Time 17
Synchronization of the Imaging Procedure and the Object Scan Velocity 18
Synchronization Modes 19

4 Advanced SkLineScan Software Functions .......c.cccecmmimimsmsmsmsmsnsssmsmsmsnsnssnsnsnsnsnnnnns 20
4.1  Camera Control BY COMMAaNGS .....ccoiiiiiiiiieeee e e n e 20

Set Commands 21

Request Commands 21

4.2 Advanced Synchronization CONTrOl ............euiiiiiiiiiieiiiecee e e 22
Advanced Trigger Functions and Sync Control Register Settings 22

Example Timing Diagrams of Advanced Synchronization Control 23

5 Sensor INformation i s s r e a e R AR EEEEEE R EEEEEEEEEEEEEEEEREEEEEEEEEEEEEE 24
GlOS SANY uuumuiramuinanerans s s na s ns s Ea e ES SRS S EE SRS E SRS AR A RE RS SR RA AR AR AR AR AR R AREANARAARARERRRRRERARREE 28
CE-ConNformily .. icicmcescnscnsansansanssnssssssssssssssssssssssssssssssasssssssssssassssssssssnssnssnssnnsnnnnnsnnnnnnns 31
L= T = 111/ 31
ACCES SO S it EEE AR A A AR R R EEEEEREEEAEEEEEEEEEEHEEEEAEEEEHEEEEEEEEEE 32

SK2048GJR-4L Instruction Manual (09.2016) 3



uE
mE

[\

Schafter + Kirchhoff

Introducing the SK2048GJR-4L Line Scan Camera

1 Introducing the SK2048GJR-4L Line Scan Camera

1.1 Intended Purpose and Overview

The SK line scan camera series is designed for a wide
range of vision and inspection applications in both
industrial and scientific environments. The GigE series
camera SK2048GJR-4L uses the Gigabit Ethernet
communication protocol, enabling fast image transfer
using low cost standard cables up to 100 min length. The
Gigabit Ethernet interface makes the line scan camera
highly scalable to faster Ethernet speeds, distinguishing
it with high performance and total flexibility.

All of the GigE cameras from Schifter+Kirchhoff are
externally synchronizable and no grabber board is
needed as signal preprocessing is performed inside the
camera and does not impinge on CPU use.

Additional features include:

e customer-specific I/0 signals in addition to the video
signal

e specialpreprocessingalgorithmscanbeimplemented
in the camera

e consistent attribution of camera IDs in multi-camera
operations

e SDK from Schifter+Kirchhoff with the SkLineScan
operating program, libraries and examples.

The camera can be connected to a computer either via
the GigE socket directly or through a Gigabit Ethernet
switch.

Once the camera driver and the SkLineScan® program
have been loaded from the SK91GigE-WIN CD then the
camera can be parameterized. The parameters, such as
integration time, synchronization mode or shading
correction, are permanently stored in the camera even
after a power-down or disconnection from the PC.

The oscilloscope display in the SkLineScan® program
can be used to adjust the focus and aperture settings, for
evaluating field-flattening of the lens and for orientation
of the illumination and the sensor, see Camera Control
and Performing a Scan, p. 12.

Features Gigabit ETHERNET]
Shading Correction X
Programmable Lookup Table X
Thresholding X

Window Function (ROI) X

Line Trigger, Frame Trigger X

Frame Trigger Delay X
Threshold Trigger X
Advanced Synchonization Ctrl. X
Integration Control for R, G, B X
Decoupling of line frequency X

Extra signals for diagnosis X

Data cable length 100m
Windows EE windows|  SK91GigE-WIN SDK
LabVIEW P8 umn | SK91GigE-LV VI Library
Linux a -

Gigabi
ETHERNET &= "
+—— = —
Advanced n |
preprocessing
Fixed camera

IDs for multi-
camera systems

GigE interface for transmission
of video and control data over

B distances up to 100 m Notebook

with GigE

Gigabi
ETHERNET —

Application:
Parallel
acquisition
using a
GigE switch

1 CCD line scan camera
2 Power supply
3 lllumination

4 Software, SDKs and eBus
driver
5 GigE switch

4 SK2048GJR-4L Instruction Manual (09.2016)
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1.2 System Setup at a Glance

red: SK2048GJR-4L scope of delivery

blue:  accessories for minimum system configuration

black: optional accessories

For accessory order details see Accessories, p. 32.

Gigabit Ethernet cable

Power supply cable

Synchronization cable

Computer e
A

Power supply

unit
Schifter + Kirchhoff
SkLineScan® adjustment
and control software
3rd party software Motion unit
that supports the with
GEN<i>CAM™ standard encoder

Line scan camera
Clamping claw

Mounting bracket

Optics (e.g. lens,
focus adapter, tube
extension ring)

SK2048GJR-4L Instruction Manual (09.2016) 5
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1.3 Computer System Requirements

¢ Intel Pentium Dual Core or AMD equivalent Network Adapter:
e RAM min. 4GB, depending on size of acquired ¢ Any Gigabit Ethernet network adapter as a card or
images on the motherboard is suitable. For the best perfor-
e High-performance video card, PCle bus mance, a network interface card (NIC) with Intel
e Operating Systems: PRO/1000 chip is recommended.
Windows 7/ 8.1 /10 (64 or 32-bit) or e PCle adapters outperform PCI adapters.
Linux kernel 3.13 or higher, Debian or openSUSE e Network adapters that support Jumbo Frames
e CD/DVD drive for software installation. outperform adapters with fixed packet-size frames.

1.4 SK2048GJR-4L Line Scan Camera - Specifications

Sensor category CCD Monochrome Sensor

Sensor type ILX751
Pixel number 2048
Pixel size (width x height) 14 x 14 pm?
Pixel spacing 14 pm
Active sensor length 28.7 mm
Anti-blooming -
Integration control X
Shading correction X
Threshold detection X

Line synchronization modes

Line Sync, Line Start, Exposure Start, Exposure Active

Frame synchronization X

Pixel frequency 10 MHz
Maximum line frequency 4.73 kHz
Integration time 0.01...20 ms
Dynamic range 1:625 (rms)
Spectral range 400 ... 900 nm

Video signal monochrome 8/12 Bit digital
Interface GigaBit Ethernet
Voltage +24V

Power consumption 4.3 W

Casing 65 mm x 65 mm x 72.4 mm (Case type BG3)
Objective mount M45x0.75

Flange focal length 19.5mm

Weight 0.3 kg

Operating temperature +5 ... +45°C

SK2048GJR-4L Instruction Manual (09.2016)
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2 Installation and Setup

2.1

Mechanical Installation: Mounting Options and Dimensions

Mounting Options

Casing type BG3

Mounting bracket SK5105-L

Clamping set SK5101

Set of 4 pcs. clamping claws
incl. screws

Mounting system SK5105-2L

for cameras with a tube
extension > 52 mm

The best fixing point of the camera is the collar for
the mounting bracket SK5105-L (available as an
accessory).

Four threaded holes M3x6.5mm provide further
options for customized brackets.

The length and weight of the optics might be beyond
the capability of the standard mounting bracket
SK5105-L. For this purpose, a second mounting
bracket type SK5105-2L to hold the tube extension
ring(s) is more appropriate.

Optics Handling

Lens mount:

Seat for bracket:
Flange focal length:

65

_M45x0.75 _

If the camera and the optics are ordered as a kit,
the components are pre-assembled and shipped
as one unit. Keep the protective cap on the lens
until the mechanical installation is finished.

If you must expose the sensor or lens surface,
ensure the environment is as dust-free as possible.

Gently blow off loose particles using clean
compressed air.

The sensor and lens surfaces can be cleaned with
a soft tissue moistened with water or a water-based
glass cleaner.

M45x0.75
B47.5mm
FFL =19.5mm

Pixel 1 —

Y

A M
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™
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Yo}

~
<
N\

A

depth 6.5 mm

Hex socket head screw
DIN 912-M3x12

4 o T
B A

Clamping claw j
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Installation and Setup

Electrical Installation: Connections and 1/0 Signals

¢ Forthe SK2048GJR-4L line scan camera-data transfer and camera control is provded by the Gigabit Ethernet

interface
100m.

e The operating power must be supplied by an external source using socket E|

. Use a CAT6 twisted-pair cable to connect the camera to a PC; the maximum cable length is

e If you want to operate the camera in FREE RUN trigger mode, the connections are complete with the CAT6
Ethernet cable and the connection to an external power supply.

e For any kind of synchronized operation, the external trigger signal(s) must be wired to socket El

as well. A

frame-synchronization signal and two separate line-synchronization signals can be handled. The various
trigger modes are described fully in section Synchronization of the Imaging Procedure and the Object Scan

Velocity, p. 18

[4]

@® ®)
® Gio) ®
On
I N [2]
[2] 3]
@ )

Accessories (see also Accessories, p. 5):

Power Cable SK9014.xF

Use this cable to feed external supply voltage into socket [1].

Connector:
Hirose plug HR10A, female 4 pin (camera side),
open cable end (other side)

Length 1.5m (standard), 3m, or 5m

Power +24V Hirose series 10A, male 4-pin
Pin Signal Pin Signal
min. +18 V
1 n.c. 3
max. +36 V
2 GND 4 n.c.
Total power: 4.3 W
Hirose series 10A, male 12-pin
Pin Signal *)
1 GND
8 FrameSync IN
10 LineSync A IN
6 LineSync B IN
*) Signal Specification Max. input frequency 16.5 MHz
(TTL) Input voltage, min -0.5V
absolute max. range max 7.0V
Input voltage max. low 0.99V
Input voltage min. high 231V
Input current 10 pA
Data

RJ45 connector for Gigabit Ethernet cable

bd

Status indicators
Network connection speed

B off no connection, B off
10 Mbyte/s connection, or B on
100 Mbyte/s connection
I on 1 Gbyte/s connection Tilgﬁ?
Network Cable CAT6.x

Network activity

no connection
connected

data is being
transmitted or
received

For connecting socket [3] with the PC Ethernet
interface. Both ends with RJ45 connectors.

External Synchronization Cable SK9024.x
Use this cable to feed external synchronization

signals into socket [2].
Connectors:

Hirose plug HR10A, female 12 pin (camera side)
Phoenix 6 pin connector incl. terminal block (for

synchronization signals)

Length 3m or 5m. Other lengths on request.

8 SK2048GJR-4L Instruction Manual (09.2016)
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2.3 GigE Connections and SkLineScan Software Installation

This section is a quick reference for installing the SkLineScan adjustment and configuration software and to set
up the Gigabit Ethernet network adapter. SkLineScan and the SkLineScan manual is provided for download on the
Schifter + Kirchhoff website under http://www.sukhamburg.com/support.html. It is also part of the fee-based
software development kit SK91GigE-WIN.

Step 1: Install SkLineScan Step 3: Plug in the CAT6 network cable to the
Step 2: If the Gigabit network interface controller camera and switch on the power supply.
(NIC) has an INTEL PRO/1000 chip then Step 4: Check the network connection.
install the High Performance Driver Step 5: Start the SkLineScan program.

B SkLineScan Installation
Prior to the installation, power on the PC (not the camera) and unpack the downloaded zip-file to a temporary
folder. Alternatively, if your installation medium is a CD, insert the disk to the drive.

The autostart function may launch the setup program automatically from CD. Otherwise, look for one of these
installation files:

SkLineScan-GigE-Win_x64.msi SK91GigE-Win_x64.msi
SkLineScan-GigE-Win_x86.msi SK91GigE-Win_x86.msi

Then start the applicable installation file manually. This will set up the Schifter + Kirchhoff SkLineScan camera
control and adjustment tool as well as the Pleora Network Driver Installation Tool.

B Network Driver Installation

High Performance Driver for Intel PRO/1000 Chip

¢ [f the line scan camera is connected to a network interface card (NIC) with Intel PRO/1000 chip, then
install the "High Performance IP Device Driver". This is the recommended system configuration for
optimum performance.

313 | EIVIA ]
Open the program menue |A| and start the network driver installation 5K
manua”y: SKLineScan-GigE-WIN De
i . é?{“ Driver Installation 64 L\\}
¢ For 64-bit operating systems choose = Manual SKLineScan Def
“Driver Installation x64". i24 SKlineScan GigE x64
) ] ) 15 Uninstall SKLineScan-GigE-WIN ~ [RAS
¢ For 32-bit systems (Windows 7 32-bit, XP) use
“Driver Installation x86”. Start Driver Installation Tool
. . . . . from Start Menue
The eBUS driver installation tool window |B| will show up to list the
available network adapters and the currently installed network drivers in the system.
I:Bﬁ{b eBUS Driver Installation Tool EI = @
File Help
Metwork Adapter MAC Description Current Driver Action
00-1b-21-53-ad-f5 Intel(R) PROS1000 PT Server Adapter Manufacturer Driver Do Mothing -
ec-aB-6b-8a-ad-bd Realtek PCIe GBE Family Controller Manufacturer Driver Do Nothing
Install eBUS Universal Driver
Install eBUS Optimal Driver

Plug in the CAT6 network cable to the camera and switch on the power supply. Then restart the system and check
the driver installation with the driver installation tool [C].

Metwork Adapter MAC Description Current Driver Action
00-1b-21-53-ad-f5 Intel(R) PROS1000 PT Server Adapter High-Performance IP Device Driver Da Mothing F‘
ec-aB-6b-8a-ad-bd Realtek PCIe GBE Family Controller Manufacturer Driver Do Mothing F‘

The High-Performance driver is installed, further network adjustments are not required.

10 SK2048GJR-4L Instruction Manual (09.2016)
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Installation and Setup

Standard GigE Network Adapters

|

For non-Intel PRO/1000 network adapters
install the driver recommended by the
manufacturer.

This kind of GigE network adapters do require
additional setup. These settings should be
optimized during installation in the Advanced
Properties tab D] of the Network Adapter:

Jumbo Frames 9014 Bytes
Receive Descriptors 2048
Interrupt Moderation Rate extreme
Energy Efficient Ethernet OFF

LAN adapters for GigE cameras that do not
work with the High Performance Driver must
use a fixed IP address, e.g. 192.168.0.99.

B SkLineScan Start-up

Start SkLineScan. A start-up dialog box pops up
and displays the connected cameras that have
been automatically detected.

Z
]

Schifter + Kirchhoff ==

Ié' Realtek PCle GBE Family Controller Properties

Details |

Resources I
General |

Advanced

Fower
About

The following properties are available for this network adap|
the property you want to change on the left, and then sele

on the right .
Property: Value:
Abladung grober Ubetragung W2 { - SKB MTU

Abladung grober Ubetragung VW2 {—
ARFP Offload

Energy Efficiert Bthemest
Flie Blcontralle
Geschwindigkeit & Duplex
Gigabit autom. deaktivieren
Green-Ethemet

Intemupt -Moderation

IPvd Prnfsummenabladung

Jumbo-Rahmen

Metzwencadresse
Network Controller Properties: Note, the terms

can differ depending on the installed Ethernet
card and driver.

Ebeut TlrSean |
St L o Caven Sycimn
ol &
CE| et o B [ SScemrOr, G peel 1= WAz 3EL
5KLine5Scan GigE xb4 ‘'@ | Gk Flere 1.52, 5 121, (11-FC003CFD

Desktop Icon

y B |_EE'?5_13'.ETI'J. TS pooel, 1= 40 WMz, B B
- GgE, Rev 150, 5K 110, DO111C00-1 365
nES o Silrefom e
;:: {14} .'H\.I:’:;;E:L;I‘{égnlflﬂ .._:.":‘__.
B Camera Setup CTRRERNEE v
;E’E 4 rehaceh el o
Use the Setup dialog for L D Bl i Fira by B
T N @ EEEEE -] oo™ w8 1 [Whkexm & »rowe B =
e activating/deactivating a connected e e— _ o :
. . . . &' [T - Sl [ - S W E -
GigE camera (activated device is e .
ticked) ;
¢ changing the IP address
¢ changing the pixel frequency — e
e setting the bit depth of the video SkLineScan Setup dialog
signal to 8 or 12-bit.
The MAC addresses are displayed for identification of each camera with the defined CamID (0, 1, ...). This is
useful when several cameras with the same name are connected.
B Initial Function Test e = gre
e Quit the SkLineScan startup dialog ...:..L_._.,.._..-.._ [ ———— ==

box.

Select "OK" in the SkLineScan
start-up dialog.

|| w

The Signal Window showing the current
brightness versus the pixel number
indicates the correct installation.

Ll

Ak

¥ W mu

Iy Ly iy R

..l
#HAF#MJEEH}MWWT

TS i B0 WE BN W W S0 w6 W0l he Al B
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3 Camera Control and Performing a Scan

3.1 Software: SkLineScan

This section is a brief introduction to the SkLineScan adjustment and configuration software. A more detailed
description is provided in the separate SkLineScan manual. The pdf is included in the SkLineScan installation
package or is available for download from the Schifter + Kirchhoff website under http://www.sukhamburg.com/
support.html.

For an in-depth guide on how to perform imaging and to use the obtained data using the Schéfter + Kirchhoff
software package, see the SkLineScan Software Manual.

The most common functions of the line scan camera can be controlled by menu items and dialog boxes.

Commands controlling comprehensive camera functionality can be entered in the "Camera Gain / Offset
Control" dialog.

Click on the desktop icon to start the SkLineScan [ ... skiinescan.. A |

program.

The SkLineScan program recognizes the connected line S Line Sean Eamen Ssen

scan cameras automatically. The identified cameras are

shown in the start-up dialog [A], and the index order
rr nds with the indivi I MA r f th

corresponds € individua C addresses of the ; & SK2048GPDL, 2048 pirel, fmar= 50.0 MHz, 8 B,

cameras. GigE, Rew: 222, 5SM=1993

If the SK2048GJR-4L camera is identified correctly, SkLineScan

oK.
confirm with "OK". The "Signal window" graphicaly lCISChasj:;i;an%hgﬂffGmb"' _
showing the intensity signals of the sensor pixels (oscil- [01/2015]

loscope display) will open. It is responsive in real-time
and the zoom function can be used to highlight an area
of interest. The oscilloscope display is ideally suited for
parameterizing the camera, for evaluating object
illumination, for focussing the image or for aligning the
line scan camera correctly.

SkLineScan: Start-up dialog

B Function Overview: SkLineScan Toolbar

File SetupAreaScan Edit View Colors Window Help

@ = || R HEE W D EE e =2

SkLineScan: Toolbar

New line scan. All open "Signal window" windows will be closed. [F2]

"Camera Control" dialog for parameter settings: integration time, line frequency, synchronization
mode, thresholding

o]

Zooming in and out

New line scan. "Area Scan" windows will be closed, "Signal window" windows will remain open. [F2]
Threshold mode in new binary signal window.

"Shading Correction" dialog to adjust the white balance [Alt +s]

"Gain/Offset Control" dialog, also for commands input [Shif+F4]

New area scan

BMDEE> Be

iy
N
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Il Basic Visualization of the Sensor Output
Signal Window / Oscilloscope Display

The signal window plots the digitalized brightness profile as signal intensity (y-axis) versus the sensor length (x-axis)
at a high refresh rate. The scaling of the y-axis depends on the resolution of the A/D converter: The scale range is
from 0 to 255 for 8-bits and from 0 to 4095 for 12-bits. The scaling of the x-axis corresponds with the number of
pixels in the line sensor.

UL Frpeh HEEBEROR Y ST
T} il Ui S Carmes TMIGHT-L Carnlt 900 000 - =

Sigrasl winvow, pied - 2048 Foen: dispkeyed 2048 from XHE g =l

- O, ""‘\ iy A O \ /\ i r‘*-\
L =
. = ) Line scan in Signal
: | Window: brightness
| Bmarls Formy S sl Lo o (| hma 1 b mpest  hadeng o wencew (X0 woens 1 -u-p;1 2l uu;_! VS. pixel number

Zoom Function

For high numbers of sensor pixels, the limited number of display pixels might be out of range, in which case the
zoom function can be used to visualize the brightness profile in detail. Magnification of one or several sections of
the signal allows individual pixels to be resolved for a detailed evaluation of the line scan signal.

Window Split Function

The signal window can be split horizontally into two sections. Use the split handle [B] at the top of the vertical scroll
bar and afterwards arrange the frames using the zoom buttons in the toolbar.

HS Seinezan
i_mkmw:nimnmuﬁ
GEL e ErehHEHBENES Y ST

2} g i e s ST Cal ), 80 ===l
ol Sgel window. posi0- 2048 Zoon dssplayed 512 from 2048 pieal B
z-r:! - it

| B o | L
- M D S P S /

a =]

Bigrad wincow. piel 0+ 2048 Zoom: chaplaynd 2040 from MG pirel B

E! Gl bna Scom Cxmarn SEFHEGED-{, Carillr ) b 555 R |

& B

&

2
. e~ ™ _ ] Pidas

170 | i
121 r . \ ‘ |

L. J | ‘ Line scan in Signal

| U |,| Split signal window.
The upper frame

ELS r shows a magnified
o section of the lower

a

[Fas, fomy o limetoin Ihae  in 130 1ot mpmst  shaking of wieiow 0-0ME  eomcd baghted k1 4E frame.
4 = ke ==
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3.2 Adjustments for Optimum Scan Results

Prior to a scan, the following adjustments and parameter settings should be considered for optimum scan

signals:

¢ Lens focussing ® Integration time

e Sensor alignment e Synchronization of the sensor exposure and
e  Gain/Offset the object surface velocity, trigger mode

. . options.
e Shading correction

Start with the signal window / oscilloscope display. Any changes in the optical system or camera parameters
are displayed in real-time when using an open dialog box.

B Lens Focussing

The oscilloscope display facilitates the effective focussing of the line scan camera system, even for two-dimensional
measurement tasks. For determining the correct focus, the edge steepness at dark-bright transitions and the
modulation of the line scan signal are the most important factors.

¢ Adjust the focus using a fully opened aperture to restrict the depth of field and to amplify the effects of focus
adjustments.

e The signal amplitude may require trimming when using a fully opened aperture and this can achieved most readily
by shortening the integration time, as described in section Integration Time, p. 17.

e .NMH A ) "".WMI‘W\I
AR al F‘W T e YT ‘ |
steep edges
f Ml
| ,th |'+ T J low edge steepness i
Ul high modulation

depth

|

\A & low modulation depth

9

Out-of-focus: Optimum focus:

* Low edge steepness e Dark-bright transitions with steep edges

e Signal peaks are blurred ® | arge modulation in the signal peaks

¢ High-frequency gray values with low ¢ High-frequency gray value variations
modulation
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Bl Sensor Alignment

If you are operating with a linear illumination source, check the alignment of the illumination source and the sensor
prior to performing a shading correction, as rotating the line sensor results in asymmetric vignetting.

= el vt s AEH fetn g 1 e 1 200 == Sl whtew om0 10N Do dapmemd 150 # S0 el
| =i I =
e e B ey e — —

" v

_-___._.1II:__
/

Sensor and optics rotated in apposition Sensor and optics aligned

B Gain/Offset Adjustment

Cameras are shipped prealigned with gain/offset factory settings. Open the "Gain/Offset Control" dialog to re-adjust
or customize these settings.

Camera Gain/Offset Control - Cam 0, SN 345 SK2048U3PD (et B
Gain Offzet Carmera Cantral
12 3 4 5 3 1 2 3 4 5 B
1023 - = = = = = 285 - = - - - - |rput:
: : Send Command
511 - - 127 Output: li
_\_|_1 _ [ Coupled Gain Channels
U= \T e I R [~ Mo Saving to EEPROM
[ J1we [ o [ o [ o | o | 5 [ 5 | o [ o | o [ o
Cancel | 1] |

Gain/Offset Control dialog

The gain/offset dialog contains up to 6 sliders for altering gain and offset. The number of active sliders depends on
the individual number of adjustable gain/offset channels of the camera. When "Coupled Gain Channels" is ticked,
all channels are adjusted synchronously with one slider.

Enter commands for advanced software functions in the 'Camera Control' field (see page 13).

Adjustment principle

1. Offset 2. Gain

To adjust the zero baseline of the video signal, totally Illuminate the sensor with a slight overexposure in order

block the incident light and enter "00" (volts) for channel 1. to identify the maximum clipping. Use the Gain slider "1"
] L ) to adjust the maximum output voltage.

For a two- or multi-channel sensor, minimize any diffe-

rences between the channels by adjusting the other For a two- or multi-channel sensor, minimize any diffe-

Offset sliders. rences between the channels by adjusting the other Gain

A slight signal noise should be visible in the zero baseline. sliders.

For the full 8-bit resolution of the camera, the maximum
output voltage is set to 255 and for 12-bit is set to 4095.

2. Adjust channel1 gain
and minimize difference

between channels
using Gain slider

1. Adjust channel1 zero
level and minimize diffe-
rence between channels
using Offset slider

Offset and gain adjustment for more than one gain/offset channel

SK2048GJR-4L Instruction Manual (09.2016) 15
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B Shading Correction

Shading Correction compensates for non-uniform illumination, lens vignetting as well as any differences in pixel
sensitivity. The signal from a white homogeneous background is obtained and used as a reference to correct each
pixel of the sensor with an individual factor, scaled up to the intensity maximum (255 at 8-bit resolution and 4095 at
12-bit) to provide a flat signal. The reference signal is stored in the Shading Correction Memory (SCM) of the camera
and subsequent scans are normalized using the scale factors from this white reference.

¢ Open the "Shading Correction" dialog (Alt+s).
x|

— Shading Carrection

Mew Reference | FL [rrm]: 50.0 Save SCM to Flashi |
Linss: 2048 SL [rm: I 1024 Save SCM to File |

— Matural Lens Vignetting—  — Sawve/Load

1] |
nu

i Load Fils to SCM 3

Hinirum: FON [rm): I 100.0

[0 =%
seakte 0 “ SCM file name: Cancel |
on | o | on | o | o |

Shading Correction dialog

e Use a homogeneous white object to acquire the e (Click on button New Reference
reference data, e.g. a white sheet of paper.
e Click on Save SCM to Flash to save the SCM
e Either take a 2-dimesional scan ("Area Scan reference signal in the flash memory of the camera
Function" [F3] ) or

Once the reference signal is copied from the shading
correction memory (SCM) to the camera flash
memory it will persist even after a power down.

use a single line signal that was averaged over a
number of single line scans.

e To suppress any influence of the surface structure, On a re-start, this data will be restored from the flash
move the imaged object during the image acqui- memory back to the SCM.
sition.

The current shading correction status - active or not

e Input the scale range: active - is also retained on power down.

Minimum in %: intensity values lower than

“Minimum” will not be changed. ON  Activate Shading Correction with the reference

A typical appropriate value is 10% of the full signal which is stored in the SCM.
intensity range, i.e. 26 (= 10% - 255) for an 8-bit OFF  Switch off Shading Correction. The Shading
intensity scale. Correction is not retained in camera flash
memory at the next start — even if the SCM data
has already been saved into the flash memory
previously.

Maximum in %: target value for scaling

A typical appropriate value is 90% of the full
intensity range. The result will be a homogeneous Load File to SCM

line at 230 (= 90% - 255) for an 8-bit intensity scale. A Stored reference signal wil

be loaded in the SCM of the camera. If the load
process completes then the Shading Correction
is active.

Eignal winclow: ploel 0 - 2048 Zoom: displayed 2048 from 2048 pixasl =

B e S e U Tty

213

170

12

85

L

After shading correction, the line scan signal has a homogeneous intensity at 255
(8 bit, Maximum 100%)
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Shading Correction Memories and API Functions

As an alternative to the user dialog, a new shading correction reference signal can also be created by using appli-
cation programming interface (API) functions. The relationshhip between the storage locations and the related API
functions are shown in the diagram below. The API functions are included in the SK91USB3-WIN software package.
See the SK91USB3-WIN manual for details.

Apblication ~ DLL - SCM buffer Camera SCM Camera Flash Memory
SK_SETSCM

SK_LOADSCM |
SK_SETSCM > SCM buffer I——SKﬁSCMTOFLASH-
- SK_LOADSCM

mangaged > SCM buffer (RAM) < * SK_FLASHTOSCM+
buffer or file
SK_READSCM X
> Volatile memory. Permanently stored.

<

SK_GETSCMPOINTER Lost when power off. Stays in memory when power off.

SK_SAVESCM
SK_READSCM

Structure of the shading correction memories and the related API functions for memory handling

B Integration Time

The range of intensity distribution of the line scan signal e QOpen the "Camera Control" dialog.

is affected by the illumination intensity, the aperture Menu Edit -> Operation Parameters or [F4]
setting and the camera integration time. Conversely, the
aperture setting influences the depth of field as well as [ s camws comel-comn i1 Sdpsmimn = —
the overall quality of the image and the perceived illumi- vt o Fheschokdng 14
nation intensity. R e e it P
The line scan signal is optimum when the signal from the : : Lapeenn St ) 8
brightest region of the object corresponds to 95% of the et i saeins L ===
maximum gain. Full use of the digitalization depth (256 at e e j":“ Y == 11
8-bit, 4096 at 12-bit) provides an optimum signal sensi- [ [eow L_lm; L Ei e |
tivity and avoids over-exposure (and blooming). s i et | [Pl e = a1
SkLineScan Camera Control dialog

#0100 - 55 7500 010 3 al0] x|

EE—— M —

a @ * Theintegration time can be set by two vertical sliders

or two input fields in the section "Integration Time"

. ] of this dialog. The left slider is for coarser the right for
g "’1_‘_.[_.. finer adjustments.

(] HJ e The current line frequency is displayed in the Line
A camera signal exhibiting insufficient gain: the Frequency status field.
i i i i 0,
mtegrat'%? EKQ%‘,?,?;:; tha"f‘j ig”dg:‘c?“t 50% e The adjustment of the integration time in the range of

Integration Control (shutter) that is shorter than the
minimum exposure period does not change the line

T T T T - @ frequency. This will be held at the maximum.

¢ The 'Default' button sets the integration time to the
:I m
'i.LLU-L

minimum exposure period that is determined from
Optimized gain of the camera signal after incre-

the maximum line frequency.
asing the integration time, by a factor of 4, to e 'OK'stores the integration time values and closes the
95% of the available scale. dialog.

e 'Reset' restores the start values.

e 'Cancel' closes the dialog without changes.

e For synchronization settings, see section Synchro-
nization of the Imaging Procedure and the Object
Scan Velocity, p. 18.
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Camera Control and Performing a Scan

B Synchronization of the Imaging Procedure and the Object Scan Velocity

18

A two-dimensional image is generated by moving either the object or the camera. The direction of the translation
movement must be orthogonal to the sensor axis of the CCD line scan camera.

To obtain a proportional image with the correct aspect ratio, a line-synchronous transport with the laterally
correct pixel assignment is required. The line frequency and the constant object velocity have to be

coordinated.

In cases of a variable object velocity or particularly high accuracy requirements then an external synchroni-
zation is necessary. The various synchronization modes are described below.

CCD Sensor

Pixel #1

Scan Object

Example 1:

Pixel #1

The optimum object scan velocity is calculated from:
we - S
B

Vo =

If the velocity of the object carrier is not adjustable
thentheline frequency of the camera mustbe adjusted
to provide an image with the correct aspect ratio,
where:

Vo Y
S = —
Wp
Vo = object scan velocity
Wp = pixel width
fr = line frequency
S = sensor length
Fov = field of view
¥ = magnification

= S/FOV

Calculating the object scan velocity for a given field of view and line frequency:

Pixel width
Line frequency
S

Fov

Example 2:

=14 pm
=4.73kHz
=28.7 mm
=50 mm

Vo

14pm - 4.73 kHz

(28.7mm / 50 mm)

= 115 mm/s

Calculating the line frequency for a given field of view and object scan velocity:

Pixel width

Object scan velocity
S

Fov

=14 pm
=100 mm/s
=28.7 mm

=50 mm

J

100mm/s - (28.7 mm / 50 mm)

14pum

= 4.1 kHz
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B Synchronization Modes

The synchronization mode determines the timing of the line scan. Synchronization can be either performed inter-
nally or triggered by an external source, e.g. an encoder signal.
The line scan camera can be externally triggered in two different ways:
1. Line-triggered synchronization:
Each single line scan is triggered by the falling edge of a TTL signal supplied to LINE SYNC A input.

The SK2048GJR-4L line scan camera facilitates advanced synchronization control by a second trigger
input LINE SYNC B. For a detailed description, see Advanced Synchronization Control, p. 22

2. Frame-triggered synchronization:

A set of lines resulting in a 2-dimensional frame or image is triggered by the falling edge of a TTL signal
on FRAME SYNC input.

Schifter + Kirchhoff differentiates several trigger g Camera Controd - Cam 6, 5H 999, SIOO4BGR0.L ey

modes identified by a number, which can be T = G —

selected in the control dialog as appropriate. Wessikirs o] ki Timwg ] i Ll sd
20,000 = 034 : S =5 ;

e Open the 'Camera Control' dialog [F4] to : r ::Mur i e
configure the synchronization. The trigger mode e  Erpanas seive 5] miT Taind
settings are available in the middle frame. i ' Dot [T : v |

e Frame- and line-triggered synchronization can m-__-;i,f 'cmj-,m;:- m'l‘::f 0 -
be combined. Tick the 'Frame Sync' box to e eail s R
activate the frame synchronization mode. . - = x| |

e The Trigger Control stage is followed by a
Trigger Divider stage inside the camera. Enter
the division ratio into the 'Divider’ field.

Camera Control dialog

Free Run / SK Mode 0

The acquisition of each line is internally synchronized (free-running) and the next scan is started automatically on
completion of the previous line scan. The line frequency is determined by the programmed value.

LineStart / SK Mode 1

On an external trigger, the currently exposed line will be read out at the next internal line clock. The start and duration
of exposure are controlled internally by the camera and are not affected by the trigger. The exposure time is program-
mable and the trigger does not affect the integration time. The line frequency is determined by the trigger clock
frequency.

Restriction: The period of the trigger signal must be longer than the exposure time used.

ExposureStart / SK Mode 4 (only available when camera supports integration control)

A new exposure is started exactly at the time of external triggering and the current exposure process will be inter-
rupted. The exposure time is determined by the programmed value. The exposed line will be read out with the next
external trigger. The trigger clock frequency determines the line frequency.

Restriction: The period of the trigger signal must be longer than the exposure time used.

ExposureActive / SK extSOS (Mode 5)

The exposure time and the line frequency are controlled by the external trigger signal. This affects both the start of
a new exposure (start-of-scan pulse, SOS) and the reading out of the previously exposed line.

FrameTrigger / SK FrameSync FRAME SYNC i

The frame trigger synchronizes the acquisition of a 2D | LINESYNC i i riet
area scan. The individual line scans in this area scan can Video ATl Ve Al Tl Vel TR TR Tl Tl Tl T Tl TR e N
be synchronized in any of the available line trigger modes. Video Valid i IO e I s IO s IO s O |

The camera suppresses the data transfer until a falling
edge of a TTL signal occurs at the FRAME SYNC input.
The number of lines that defines the size of the frame
must be programmed in advance.

Data transmission PN W pw

Combined frame and line synchronization
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4 Advanced SkLineScan Software Functions

4.1 Camera Control by Commands

In addition to user dialog inputs, the SkLineScan software also provides the option to adjust camera settings, such
as gain, offset, trigger modes, by sending control commands directly.

Similarly, current parameters, as well as specific product information, can be read from the camera using the request
commands. All set and request commands are listed in the tables below.

e The commands are entered in the 'Input' field in the 'Camera Control' section of the "Camera Gain/Offset
Control" user dialog, [Shift+F4].

¢ Inthe 'Output’ field, either the acknowledgement of the set commands (0=0OK, 1 =not OK) or the return values
of the request commands are output.

The parameter settings are stored in the non-volatile flash memory of the camera and are available after a rapid
start-up, even after a complete shut down or loss of power.

Cons o s o955 00 W

~ Gain — Olffzet — Carmera Contral
o 2 3 4 ] E 1 2 3 4 ] E
1023 - - - - - - 255 - = - - - - Input: IK
: : Send Command
511 - - 127 Dutput: ISK2EI4SU3F'D
: :\'I—I ™ Coupled Gain Charnels
0 -\-r‘ - = = | =g | = | 0 -~ -~ A | =R | =g | = | [~ MaSaving to EEPROM
1m 108 1] a a a 5 ] a 1] 1] a
Mo [ [o [0 [0 | s 5 o o [0 | T [

Gain/Offset Control dialoa: Camera Control inout and output in the riaht section
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B Set Commands

Schifter + Kirchhoff ==

Z
]

B Request Commands

Set Operation
Goo00o<CR>

Oppp<CR>
FO<CR>

F1<CR>

F8<CR>
F10<CR>
F12<CR>

C10<CR>

TO<CR>
T1<CR>
T2<CR>
T3<CR>
T4<CR>
T5<CR>
T6<CR>
T7<CR>
T8<CR>

Lppp<CR>

MO<CR>
M1<CR>

M2<CR>

M3<CR>
M5<CR>

Axxxx<CR>
Dxxxx<CR>

Eyyyyy<CR>
EFyyyyy<CR>

Nyyyyy<CR>

SLUT<CR>
RLUT<CR>

Wyyyyy<CR>

Xyyyyy<CR>

Vyyyyy<CR>
Yppp<CR>

Description
gain setting 0-24 dB

offset setting

Output Format: threshold addr. (13 bit)
no noise reduction

Output Format: threshold addr. (13 bit)
with noise reduction

output format: 8 bit video data

output format: 10 bit video data
output format: 12 bit video data

camera clock: 10 MHz data rate

test pattern off / SCM off

test pattern on (turns off with power off)
shading correction on

auto program Shading Correction / SCM on
copy flash memory 1 to SCM

save SCM to flash memory 1

video out = SCM data

copy Flash Memory 2 to SCM Memory
save SCM Memory to Flash Memory 2

set threshold level

line trigger modeO0: internal all lines

line trigger mode1: extern trigger, next
line

line trigger modeO: internal all lines and set
max line rate

Pleora sync modes

line trigger mode5: extern SOS, all Lines

SCM address (xxxxx = A0-2047)

SCM data (xxxx = 0-4095) and increment
SCM address

Frames / Multiframe (yyyyy = 0-32767)
external Frame Trigger Delay

(vyyyy = 0-32767 lines)

Lines/Frame (yyyyy = 1-32767)

enable LUT
disable LUT

line clock frequency
(vyyyy = 20-4694) (H2)

exposure time (yyyyy = 10-20000) (us)
extern sync divider (yyyyy = 1-32767)

set sync control (ppp = 255)

Acknowledgement for all set commands:
0=0K, 1 =not OK

Request Return Description
K<CR> SK2048GJR-4L returns SK type number
R<CR> Rev2.50 returns Revision number
S<CR> SNr00163 returns Serial number
I<CR> SK2048GJR-4L camera identification eadout
Rev2.50
SNro0163
11<CR> VCC: yyyyy returns VCC (1=10mV)
I2<CR> VDD: yyyyy returns VDD (1=10mV)
I3<CR> moo: yyyyy returns mode of operation
14<CR> CLo: yyyyy returns camera clock low
frequency (MHz)
I15<CR> CHi: yyyyy returns camera clock high
frequency (MHz)
16<CR> Ga1l: yyyyy returns gain
I8<CR> Of1: yyyyy returns offset
[14<CR>  THL: yyyyy returns threshold level
[19<CR> Tab: yyyyy returns video channels
I20<CR>  CLK: yyyyy returns selected clock
frequency (MHz)
21<CR>  ODF: yyyyy returns selected output data
format
122<CR> TRM: yyyyy returns selected trigger mode
123<CR> SCO: yyyyy returns shading corr. on/off
I24<CR>  Exp: yyyyy returns exposure time
I125<CR> miX: yyyyy returns min. exposure time (us)
I26<CR> | LCK: yyyyy returns line frequency (Hz)
I127<CR> maZ: yyyyy returns max. line frequency
(H2)
128<CR> | TSc: yyyyy returns Sync Divider
I129<CR>  SyC: yyyyy returns Sync Control
I30<CR>  Lin: yyyyy returns Lines/Frame
I31<CR>  DXT: yyyyy returns DXT on/off
I32<CR>  Tmp: yyyyy returns Video Board Temper.
I33<CR> FSD: yyyyy returns Frame Trigger Delay
I36<CR>  WPL: yyyyy returns Window Pixel Length
I37<CR>  WFP: yyyyy returns Window First Pixel
I38<CR>  LUT: yyyyy returns LUT on/off
LUT: Lookup Table
SCM:  Shading Correction Memory
SOS:  Start of Scan
Range of values:
oooo =0...1023
ppp =0..255
XXXX = 4 digits integer value as ASCII
yyyyy =5 digits integer value as ASCI|
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4.2 Advanced Synchronization Control
The basic synchronization function makes use of the trigger input LINE SYNC A. The trigger mode is determined by
the settings in the "Camera Control" dialog, e.g. LineStart (1) or ExposureStart (4).

Advanced trigger functions are provided by combining LINE SYNC A with a second trigger input LINE SYNC B. The
operation mode is controlled by the entries in the Sync Control Register (SCR).

Use control commands to write to or to read from the Sync Example:
Control Register:
Y232
Yppp<CR> set sync control ppp = 232(dec) = 11101000(bin)
with ppp = 0...255 (decimal)
Return value: 0= OK; 1 = not OK new SCR value: 11101000 > |E|
129<CR> return sync control

Return value:  SyC:yyyyy (5-digits integer value as ASCII)

B Advanced Trigger Functions and Sync Control Register Settings

e Basic synchronization function, 'Camera Control' dialog settings are valid > @

e Detection of direction > , , |§| |E|

e Trigger pulses are valid only in one direction, trigger pulses in the other direction are ignored >

e Trigger on 4 edges > @, |E|
e Suppression of machine-encoded jitter, programmable hysteresis for trigger control > |E|

Sync Control Register (SCR) SyC7 | SyC6 | SyC5 | SyC4 | SyC3 | SyC2 | SyC1 | SyCO
default X X X X X X 0 0
pixel #1 data = external trigger input states X X X X X X 0 1
pixel #1 data = Linecounter (8 bit) X X X X X X 1 0
pixel #1, #2 data = ext. trigger states (3 bit) + X X X X X X 1 1
line counter (13 bit)
ExSOS and Sync at LINE SYNC A (Mode5) X X X X X 0 X X
ExSOS at LINE SYNC B, X X X X X 1 X X
Sync at LINE SYNC A (Mode5)
Jitter Hysterese off X X X 0 0 X X X
Jitter Hysterese 4 X X X 0 1 X X X
Jitter Hysterese 16 X X X 1 0 X X X
Jitter Hysterese 64 X X X 1 1 X X X
Sync 1x Enable X X 0 X X X X X
Sync 4x Enable X X 1 X X X X X
Sync up Enable / down disable X 0 X X X X X X
Sync up/down Enable X 1 X X X X X X
Sync Ctrl. Disable, SyC3...SyC6 without function 0 X X X X X X X
Sync Control Enable 1 X X X X X X X

128 64 32 16 8 4 2 1
For diagnostic purposes, the SCR Pixel #1 Data (lowByte) Pixel #2 Data (lowByte)
present state of external trigger - - X -
inputs (LlNE SYNC A, LINE xxxxxx00 intensity intensity
ﬁ\t{e’\:r? aIIBI,i nFeR?ol\l/IJ EtSrY cl:\la(r31) t?er :[Jhuet ut 1 Bg - E'F'{\‘%MSE(E‘ENAC i i
instead of pixel #1 and/or pixel%Q 000000 Bf{ - ITDIEE:%YNC B mensiy
data. Xxxxxx10 internal line counter (8 bit) intensity

D7 = FRAME SYNC
xxxxxx11 Bg z HNE §¥N8 g internal line counter (bit 7 ... 0)
D4 ... DO = line counter (bit 12 ... 8)
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Schifter + Kirchhoff ==

B Example Timing Diagrams of Advanced Synchronization Control

Annotations:

SyncA = LINE SYNC A (external line synchronization input, /0 connector)

SyncB = LINE SYNC B (external line synchronization input, I/O connector)

Count = internal counter

Trigger = Generated trigger pulses from the Trigger Control stage. The signal goes to the Trigger

Divider stage inside the camera. For setting the divider, use the Vyyyyy<CR> command or the
'Divider' input field in the 4.1 Camera Control by Commands, p. 20.

1) direction changed

2) glitch

Z
]

R

. Trfigsger on falling edge SyncA [ R R R O e S

of Sync
* SyncB without function SyncB T \ \ \ \ | \ \ R ‘ ‘ | ‘ ‘ ‘ [
e direction detection = off 0)
* hysteresis = 0 e 2 [ 3 ¥ 4 Y 5 Y & Y 7 ¥ 8 | 9 [
Sync Control Register: Trigger I I I | | | | I
'OXXX XXXX'b
» Trigger on falling edge SyncA 1 T D O R O

of SyncA
* SyncB = low active syne8 L] L L[ L] x L [ [ I L J LI
e direction detection = on Y
* hysteresis = 0 Count 7 [ 6 [ 5 Y 4 Y 3 Y 4 Y 5 1 8 [
Sync Control Register: Trigger H H H H
1000 0xxx'b
. Tr]jgxsger on falling edge SyncA [ I S O O I

of Sync
* SyncB = low/high active  gypcg | \ \ \ \ | \ \ R ‘ ‘ | ‘ ‘ ‘ [
e direction detection = on )
« hysteresis = 0 Count 7 L 6 1 5 ¥ 4 f 3 [ 4 | 5 | 6 |
Sync Control Register: :
'1100 0xxx'b Trigger H H H H H H H H
* Trigger on 4 edges SyncA e I S O A O O B

of SyncA and SyncB
e direction detection=on  gyneg | [ | [ [ [ [ [ X , 1 I 1 [

® hysteresis = 0

Sync Control Register:
'"11100xxx'b

[m

* Trigger on 4 edges

of SyncA and SyncB
e direction detection = on
* hysteresis = 4

Sync Control Register:
'11101xxx'b

syne8 | L [ 1|

Trigger L LI ILIL L e R e e e e e

2)

> ¥
—

machine holdup oscillation

A

SyncA o L L7 L]

sye8 LI L X1 [ X T [ L[ ]

count [9)8)7)6)5[4)3)2) 1 4 1 3 )2 f3)4fs)e)7)8)7)8]a).].

Trigger Juuuuu uuu\—‘uuL
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Sensor Information

5 Sensor Information

Manufacturer:

Type:
Data source:

Sony
ILX751
Sony ILX751B Linear Sensor Document E97X25B97-PS

Features Pin Configuration (Top View)
» Number of effective pixels: 2048 pixels vour (1) (22) veo
» Pixel size: 14um x 14pm (14pm pitch) NG (2 ‘ 1) voo
* Built-in timing generator and clock-drivers Ne () (29) voor
« Shutter function shsw () (19) GND
« Ultra low lag Lk (5) (18) NC
* Maximum clock frequency: 5MHz nC (6) (17) GND
ne (7) (16) nC
vooz (8) (15) nC
osHUT (9) (14) NC
Ne (0) (13) NC
ROG (1) 2048 (12) ano
Block Diagram
[ vooz Voo GHD M [ MC MW GHD MNC
) (DD Dl TD—(10)
Ry oy oy Ry e R Ry o Ry p—y
- Shutler dra
Cutput amplhdier Read out gal ™
I:_I:} \:'_:...1'| .._ .|"I:.1 il_".| CCD analog I
brd leck-ar
‘ ock pulse generaiors B aide Read oul gale Shutter gate
Sample-and-malad | aneralor selpct pulse generator =@ generalor
i
Mz M M NC vooz aCLK GMHD Viooz SHEW SROG nsHLT

SK2048GJR-4L Instruction Manual (09.2016)




| ) : T
Sensor Information Schifter + Kirchhoff &&=

Example of Representative Characteristics

Spectral sensitivity characteristics
{Standard characteristics)

1.0
Ta=250C
0g
08
- 07 /
= 06/ S
T
w05
s
® D4
i
® 03
0z
01 : - : T
0
4010) 500 00 700 GO0 G900 1000
Wavelength [nm]
Dark signal voltage rate vs, Ambient temperature Voo, Voo: supply current vs, Clock frequency
{Standard characteristics) (Standard characteristics)
—— |y
—— |0
10 - - - 10
5 _ &
<
=
= . :
:1, — e —
@ g
[ =
[ =N
E a
= o
m -
wo =1 /
M
m |
0 o
05 5 05
01 [
0 10 20 30 40 50 &0 310 14 &M
I'a — Ambient temperature | C] Clock frequency [Hz]
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Sensor Information

Electrooptical Characteristics

(Ta =25"C. Voo1 = 8V Vooz = BV, Clock frequency = 1MHz, Light source = 3200K. IR cut filter: CM-5005 (t = 1.0mm))

ltem Symbol Min. Typ. Max. Unit Remarks

Sensitivity R (30) 40 (30y [ WVIIx - s) Mote 1
Sensitivity nonunifarmity . PEMU — 2.0 (8.0) . 5% Mote 2
Saturation output voltage Vsar (1.5} 1.8 — W —
Dark voltage average VDRK — 03 (2.0) my Note 3
Dark signal nonuniformity DSMU — 05 (3.0) mb/ Mote 3
Image lag IL — 0.02 — %% MNote 4
Dynamic range DR — 6000 —_ — Mote 5
Saturation exposure . SE — 0.045 — I% - 5 MNote 6
9V supply current lvooe — 4.0 (8.0) mA —
5V supply current lvoDz — 1.8 (5.0) mA, —
Total transfer efficiency TTE 82.0 97.0 — %o —
Output impedance Lo — 600 — £ —
Offset level - Vios — 4.0 — i Mote 7
Shutter lag | SHUT 0 10 | (50 % Note 8

Note)

1. For the sensitivity test light is applied with a uniform intensity of illumination.

2. PRNU is defined as indicated below. Ray incidence conditions are the same as for Note 1.

26

PENU =

(Wmax = V)2

% 100 [%]

Vave

The maximum output is set to Vmax, the minimum output to Vmin and the average output to Vave.

Integration time is 10ms.
Vout = 500mV

Vsar

WoRK

DR =

When optical accumulated time is shorter, the dyramic range gets wider because dark voltage is in
proportion to optical accumulated time.

Wzar

R

SE

. Wos s defined as indicated below,

D31 H
05 --- :

ol
@
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8. To stpulate the lag during shutter opetation. use the formula below.

Place the output voltage average value during shutter operation at V=ruT and the output Voltage average
value when the shutter is not in operation at Vave, (Refer to Fig. 5.)
Ve .
SHUT= " % 100 [%)
R

Flease naote that the shutter pulse at this time accord with Fig.5
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Blooming

Extended illumination of saturated pixels, which are not
able to accumulate further charge due to long exposure,
leads to charge overflow into adjacent pixels. This effect
is called blooming. Blooming causes a corruption of the
geometrical allocation of image and object in the line
signal. CCD line scan cameras with anti-blooming
sensors direct the abundant charge to a ”drain gate”.
Charge overflow into adjacent, less illuminated pixels is
prevented. Depending on pixel frequency and spectral
range, overexposure up to factor of 50 can thus be
handled.

Exposure period

is the illumination cycle of a line scan sensor. It is the >
integration time plus the additional time to complete the
read-out of the accumulated charges and the output
procedure. While the charges from a finished line scan
are being read out, the next line scan is being exposed.
The exposure period is a function of the pixel number and
the > pixel frequency. The minimum exposure period of
a particular line scan camera determines the maximum
- line frequency that is declared in the specifications.

Integration control

Cameras with integration control are capable of curtailing
the > integration time within an > exposure period.
Thisperformsanactionequivalenttoashuttermechanism.

Integration time

The light-sensitive elements of the photoelectric sensor
accumulate the charge that is generated by the incident
light. The duration of this charge accumulation is called
the integration time. Longer integration times increase
the intensity of the line scan signal, assuming constant
illumination conditions. The complete read-out of
accumulated charges and output procedure determines
the minimum - exposure period.

Line frequency, line scan frequency

is the reciprocal value of the = exposure period. The
maximum line frequency is a key criterion for line scan
sensors as this is the limiting factor for the scan velocity.

Optical resolution

Two elements of a line scan camera determine the optical
resolution of the system: first, the pixel configuration of
the line sensor and, secondly, the optical resolution of the
lens. The worst value is the determining value. In a phased
set-up, both are within the same range.

The optical resolution of the line sensor is primarily deter-
mined by the number of pixels and secondarily by their
size and spacing, the inter-pixel distance. Currently
available line scan cameras have up to 12000 pixels,

ranging from 4 to 14 pm in size and spacing, for sensors
up to 56 mm in length and line scan frequencies up to
83 kHz.

During a scanning run, the effective resolution perpendi-
cular to the sensor orientation is determined by the
velocity of the scan and by the - line frequency

Pixel frequency

The pixel frequency for an individual sensor is the rate of
charge transfer from pixel to pixel and its ultimate
conversion into a signal.

Region of Interest

A freely programmable window (region of interest, ROI)
can be applied to the line sensor so that only the pixel
information within the ROI can reach the memory.

By only illuminating these ranges, data volume and data
processing is accelerated for both line and area scan
acquisitions.

Constraint: the ROl memory allocation must be divisible
by 8.

Shading correction
- Shading Correction, section 3.2

SCM
Shading Correction Memory,

- Shading Correction Memories and API Functions,
section 3.2

Sol (Start of Integration)

Inadditionto 2 SoS, cameras with - Integration Control
function generate an internal Sol-signal that initiates the
integration period.

SoS (Start of Scan)

is an internally generated trigger signal for sequential
control of the camera, The signal is induced either by an
internal counter or by an external line synchronization
signal, depending on the selected line synchronization
mode.

- Synchronization
- Advanced Synchronization Control, section 4.2

SkLineScan

is the software application from Schafter + Kirchhoff for
controlling and adjusting the line scan cameras,

- Software: SkLineScan, section 3.1
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Synchronization

To obtain a proportional image with the correct aspect
ratio, a line synchronous transport with the laterally
correct pixel assignment is required. The > Line
frequency and constant object velocity have to be
compatible with each other.

For more accurate requirements or with a variable object
velocity, external synchronization is necessary.

- Synchronization of the Imaging Procedure and the
Object Scan Velocity, section 3.2

Thresholding (monochrome cameras only)

The thresholding process generates a binary signal from
the gray scale data, with values below the threshold
yielding 0 and those above yielding 1. Only the pixel
addresses of the location and threshold transition (from
high—low or low—high) are transmitted, reducing data
throughput.

Thresholding is particularly appropriate for measuring
widths or edge positions, by simply masking the required
pixel addresses.

Schifter + Kirchhoff ==
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The product complies with the following standards and
directives:

2014/30/EU
EMC Directive

DIN EN 61326-1:2013

Electrical equipment for measurement, control and
laboratory use — EMC requirements

Part 1: General requirements

This manual has been prepared and reviewed as carefully
as possible but no warranty is given or implied for any
errors of fact or in interpretation that may arise. If an error
is suspected then the reader is kindly requested to inform
us for appropriate action.

The circuits, descriptions and tables may be subject to
and are not meant to infringe upon the rights of a third
party and are provided for informational purposes only.

The technical descriptions are general in nature and
apply only to an assembly group. A particular feature set,
as well as its suitability for a particular purpose, is not
guaranteed.

Each product is subjected to a quality control process. If
a failure should occur then please contact the supplier or
Schifter+Kirchhoff GmbH immediately. The warranty
period covers the 24 months from the delivery date. After
the warranty has expired, the manufacturer guarantees
an additional 6 months warranty for all repaired or substi-
tuted product components. Warranty does not apply to
any damage resulting from misuse, inappropriate modifi-
cation or neglect. The warranty also expires if the product
is opened. The manufacturer is not liable for conse-
quential damage. If a failure occurs during the warranty
period then the product will be replaced, calibrated or
repaired without further charge. Freight costs must be
paid by the sender. The manufacturer reserves the right
to exchange components of the product instead of
making a repair. If the failure results from misuse or
neglect then the user must pay for the repair. A cost
estimate can be provided beforehand.

Copyright ©

compensation.

by an update service.

Date of document publication: 21.09.2016

Unless explicitly allowed, the duplication, distribution, sale or use of this document or its contents, for purposes
other than those intended, is forbidden. Repeated transgressions will lead to prosecution and demands for

All rights of patent protection and registration or copyright of a product or its design lie with Schafter+Kirchhoff.
Schafter+Kirchhoff GmbH and the Schafter+Kirchhoff logo are registered trademarks.

We reserve the right to improve or change specifications so that the system description and depictions in the
Instruction Manual may differ in detail from the system actually supplied. The Instruction Manual is not covered

Schéfter+Kirchhoff GmbH Tel.: +49 40 853997-0

Kieler StraBe 212 Fax: +49 40 853997-10

22525 Hamburg Email: info@SuKHamburg.de
Germany Internet: www.SuKHamburg.com
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Software

SK91GigE-WIN Order Code

SDK from Schéfter + Kirchhoff including the SKLineScan
operating program, as well as API, C++ class library and
examples.

Operating systems:
Windows 7 /8.1 /10 - x64 and x86

. SK91GigE-LV VI Order Code
VI-Library for LabVIEW®, requires SK91GigE-WIN

Accessories
CAT6 Network cable Power cable SK9014.xF
Shielded CAT6 patch cable, halogen-free, both ends with RJ45 for GigE Vision™ line scan cameras with 24VDC supply
connectors for Gigabit Ethernet voltage.
CAT6.x Order Code Shielded cable with Hirose plug HR10A, female 6-pin (camera
side), and open-ended line.
£ | I cable length 3/5/10m or ) ?
) ) SK9014.xF Order Code
length according to choice,
max. 100m I cable length 1.5/3/5m
External synchronization cable SK9024...
for line scan cameras with GigE / GigE Vision™ interface.
Shielded cable with Hirose plug HR10A, female 12 pin (camera
side), and Phoenix 4 pin connector incl. terminal block.
SK9024.x Order Code
L cable length 3/5m
Other lengths on request
Adapter cable for sync signals CAB-AD Sync-BNC-1
p— BNC/SMA (3x) to Line Scan Camera Synchronization Cable
, ™,  SK9016/SK024/SK9026.
W,
Shielded cable, length 0.25m
’;/ Connectors:
“ 1x Phoenix 4-pin connector
3x SMA plug (Line Sync A, Line Sync B, Frame Sync)
3x adapter SMA socket (outside threading) to BNC-plug
CAB-AD Sync-BNC-1 Order Code
M2  Mounting Bracket SK5105-L - - M4  Mounting System SK5105-2L
. 1010
For cameras with lens thread - E
Y size M45x0.75 || f f
2% Order Code Order Code
F, SK5105-L SK5105-L with clamping set SK5105-2L .
- & SK5101# | | - - o wt w hm
& miEEEm g . 70 .
- - 4 35, . 315,,25 10,
L 35
M3 |33 p-36-= 65 =2 12 a5 " % " S _M4-_ 'm..a... i
MC2 Clamping Set SK5101 ', =i EBEE I L ®
1 s .
Clamp QN - B8 ma For camera configurations A ° 1l |
=8 craerCoder g3l g 18 Mo, with tube length > 55 mm o R SIS
i r DB pa3 | =" using extension rings  ZR-L = et
Allen screw (set of 4 pcs.) LI s = o I B | v e * - * -
DIN 912-M3x12 | [ St T =
FA3 Focus adapter L-Mount (M39x1/26" Leica) A3 Lens Adapter F-Mount
any rotation angle adjustable (V-groove) for line scan cameras with case type or[BGx/
attachement thread M45x0.75, male
Fate .
FA22R-45 Order Code © ot AOC-F-... Order Code
lengthL: 22.. 32mm g HH g Attachment thread:
3 2 45 = M45x0.75
y Ul i 40 = MA40x0.75
- 32 = M32x0.75
s C = C-Mount 1"-32-TP

i N
g g
FA22RL-45 Order Code g et
ﬂ lengthL:  29... 38mm g g
y W= T
-I_ = L
ZR-L Extension rings M45x0.75
attachment threads M45x0.75 male/female
ZR-L25 Order Code o ot
~ ~
SH— o 2
15 = Length 15 mm ) )
25 = Length 25 mm = =
60 = Length 60 mm T T
87 = Length 87 mm = L™ L=Length * 475f8™

Z " .
i Schifter +Kirchhoff
Kieler Str. 212, 22525 Hamburg, Germany « Tel: +4940 85 39 97-0 « Fax: +4940 85 39 97-79 « info@SuKHamburg.de « www.SuKHamburg.de
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