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INSTALLATION
HCImage Live

1.

uhwnN

6.

Insert the HCImage Live installation DVD into the DVD-ROM drive. If autoplay is enabled, the
HCImage Live setup will run automatically. If autoplay fails to start, locate your DVD-ROM
drive and double-click setup.exe.

Click Yes, if prompted by the User Account Controls.

Follow the instructions on installation wizard.

Click Finish, when the installation is complete.

Install the appropriate DCAM-API® drivers, see the instructions below, then turn the camera
on before launching HCImage Live. If the drivers have not been installed, or the camera is
not turned on before launching HCImage Live, the camera will not be available in the
software.

Click the HCImage Live icon on the Desktop to launch HCImage Live.

DCAM-API® Drivers

Before installing the camera driver, make sure that the camera is turned off.

1. After installing HCImage Live from the DVD, you will be prompted to install DCAM-API®, click
Yes. If you downloaded HCImage Live, please go to https://www.dcam-api.com/ and
download the DCAM-API® drivers for Windows.

2. Click Yes, if prompted by the User Account Controls.

3. [Camera Link] Select the =
Active Silicon FireBird ) DCANEAPI Setup X
module. [USB 3.0] Select the DCAM-API IEEE1394 Camera ‘
USB Camera module.

4. Click Next to begin the J 4‘ Aetive Siieon Frefire / Phoenix |
installation. — IISE Camera ‘

5. Follow the instructions on . .
each installation page_ 0 — GigE Camera for Flat Panel Sensor ‘

6. Click Finish when the . .
installation is complete. == . —

J Took |
"m;md Drivers Others ‘
Exit |
www.hcimage.com 4 HAMAMATSU
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THE CAPTURE PANE

The Capture Pane provides a flexible and comprehensive method to access camera features and
functionality. The Capture Pane is organized by functionality into panels that can be expanded when
in use or collapsed when space is needed. Each of the panels are described in detail below. The
capture controls at the top of the pane (shown below) are always visible and used for controlling
how images are acquired and displayed.

i Channel Select : Active Camera : Auto Save
! Select the number of § Select configured ! Automatically save the current
i channels to capture | camera from list  : image based on predefined presets
: i when Capturel is selected
L -1RGB Color: 3Band v *+C13440-20CU 5/N: 930011 ~
raeneenes -] Live Color §1°* Lve = iEl B Autosave
] [] Open Gapture1
Live Color Live Capturel ! Open Capturel
! Display live color : Used to focusa  § Will initiate @ § If selected, will open each
{image of sample prior to single capture } captured image as an
! merged ! capture i cycle ! image document

Capture Presets

Capture settings can be saved as presets and then loaded when needed. Create multiple capture
presets to easy change between frequently used capture settings. Capture presets may be selected
from a list of saved presets available in the Capture Presets panel, located at the top of the Capture
pane. To add, remove or view the settings of a preset, click the ellipsis to the right of the list, to
open the Capture Presets dialog. Capture presets save basic settings such as the capture mode,
channels, filters, exposure times, as well as output trigger settings and advanced camera
properties. For a list of the camera settings that are saved, select a capture preset from the
Capture Presets dialog and click View. HCImage will load the capture settings from the previous
session when launched.

Capture Preset List | i Save
Select from a list of § i Saves updated capture settings to the
saved presets i selected preset or creates a new preset

Capture Presets =

GFP_10ms_500x500 & L:l I o0 S

Capture Presets

i Add and remove presets from the
Capture Preset dialog. Click View to

i display the capture settings of a specific

Note: Capture presets are not automatically saved before changing presets or exiting the
software. To make changes to a saved capture preset, select the capture preset from the list,
adjust the capture settings and click Save.
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Camera Control

Manage capture settings using the individual channel and exposure controls.

i Temperature
i Reports the current
i temperature of the

i Auto Exposure
i Automatically adjust exposure to
: optimize the dynamic range of

sensor intensities in the image
- g —| : Exposure Lock
Filter List : e H i Maintains the
: Cooli : : : :
Choose a defined : eoine : *=-+ Auto Expose : exposure ratio
filter position from i Temp: | -10.00 °C between multiple
the list | S ="V F : channels
L L g Gain Exposure
Focus Channel{ | ¥ N |Red ¥ o - |1ma -] ms . .
. : : Exposure Time
Click the numbered { Enter ti
button to display the i 2/ [ Green v g |00 = |ms ; nier time or
i : adjust using
selected channel i .. :
Bue v 0 2l[wo Elpee..... i controls
; : { 33,3257 ms
Active Channel : : Channel Tint

Select which channels
to capture. Disable §
to ignore channel
during capture

Displays filter tint for the
Echannel. For RGE color
images, the tint order may
i be selected from the list

Enhanced Visualization Mode

In low light observation, images from an sCMOS cameras may appear to have poor contrast. The
High Contrast Mode can enhance the image to make it visually more appealing. Strictly for visual

Type “u’, “'m", “s", 't" to change Units
J=micrasec, m=millisec, s=sec, t=min

ETnnItip
: Hovering over the exposure time
{ will display the units of time

purposes, the processed image is displayed while the raw image is saved.

How to Enable High Contrast Mode

@ Image Display
High Contrast Mode

Frame Rate: 49.9%

-@-;ﬂ&_—_}ijZoomS% -

= [E-=s]
Histogram x
[JRai [“ILeg []sat [|stats
Mano,  w Intensity 16 Bits +

Conh’ast

[ Auto Hiflo
Curve | Density w
Tint [ None ~ |

SF: 0.645 pm 10x

Enable High Contrast Mode
Click High Contrast icon

www.hcimage.com
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Binning and SubArray

With a CCD camera, 2x2 binning increases the signal to noise ratio by a factor of four and increases
the speed of image acquisition by a factor of about two. With an sCMOS camera binning is purely
digital, 2x2 binning increases the signal to noise ratio by a factor of two. Digital binning does not
increase the speed of image acquisition. Adjust the spatial resolution using a subarray preset for
increased speed and less data throughput. For sCMOS cameras a subarray must be centered on the
camera sensor in order to achieve maximum speed. The subarray preset sizes for in the list are
automatically centered (for sCMOS) but custom arrays are not. To center a custom array, see the
example below.

Binning Binning and SubArra

2x2 and 4x4 :

digital binning Binning: E “
Adjust Expusure .................... E AdjL.ISt Exposure Time

Automatically adjusts } | sub-Array s

exposure when i i

changing binning

B i Sub Array
. - H
Preset Sizes 1024x 512 > Reset : List of preset sizes or

define a custom array
Define

%0 | 512 Width | 1024
(024 |

Define a Custom SubArray for Maximum Speed

Click Live, focus on the sample and move the area of interest into the center of the image. Follow
the steps below to define a custom subarray.

Define SubArray Center on Sensor Apply SubArray
Click Define and draw Right-click and select Click Apply
:  the area on the image :  Center on Image

Binning and SubArray

Binning: i L
Adjust Exposure Time
Sub-Array
Preset Sizes 2048 x 2048 hd

X0 D Width
YO D Height

HAMAMATSU 7 www.hcimage.com
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Data Reduction

Reduce the amount of image data by using the LUT or Data Extraction. LUT is a customizable Look
Up Table that allows the user to specify the range for 12 or 8-bit output. Data Extraction is used to
define which pixels that the camera will output using ROI or byte masks. Data Reduction not only
reduces the amount image data that will be acquired, it allows for higher frame rates through USB
3.0 with 12 or 8-bit output. For more information and examples on using data reduction, see "Data

Reduction" on page 19.

Data Reduction

Specify the range of Data Reduction
8 or 12-bit output }
with LUT N T e

Data Extraction e

Camera only outputs
pixels specified by ROI |
or Byte Mask

Define Region

Rectangles

Depth: | 16bit &

Byte Mask

't Capture Depth
: Default is 16-bit, 12-bit
i and 8-bit are also available

Note: In order to achieve a reduced file size using Data Extraction or Data Reduction, the images
must be acquired using High Speed Streaming to Disk and saved as DCIMG file type. Saving as or
exporting to another file type (e.g., cxd or tiff) will result in 16-bit file size.

Trigger Modes, Speed and Registration

By default the camera is controlled through software but advanced triggering features available in
certain cameras allow the camera to control external devices or be controlled by them. The speed,
capture mode, master pulse and output trigger settings for these cameras can be adjusted based on
the needs of the application. The example below describes the panel for the ORCA®-Flash4.0 V3.

Speed !
2 - Standard Scan
1 - Slow Scan

{ Tooltip

Hover over speed list to
i display max frame rate
at current resolution

| Trigger Modes, Speed and Registration
Capture Mode | i

i epeed et
Choose how the [ =P=° 2 = :
camera is : 100.02 fpsefe-----

Registration  sweereceieaiees . . .
SgETaTn % : Registration

controlled, b\rg
HClmage or an i

Capture Mode
External Input Trigger Option

: Camera Info

! Camera Model, 5/N & F/W version
Interface Board: Firebird or USBE 3.0
Driver Version

{ DCAM-API Version - Module Version

Camera Infa,., s==x=r=reraranes -

Change the image

external source L. nternal - - sorientation
Pos MNeg 1 =
Delay 0 > lus
Master Pulsei| " hgﬁ::r Setup Interval: 10.0 ms
Timing modes: Esh _ .
Continuous, Start§ ! Show Output Trigger Options
and Burst: . .
: Show Output Trigger Options
i Expand output trigger panel
www.hcimage.com 8 HAMAMATSU
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Camera Info

Provides information about the camera, interface board and DCAM-API® drivers.

HClmagelLive

C13440-20CU Camera

Serial Number: 5/M: 930011
Board: A5-FBD-1XCLD-2PE4L
Driver Version: 811.00.5162
DCAM Version: 4.00

Module Version: 16.10.642.5162

Version: 4.03.B .

*
{ Camera Info

i Model Number
Serial Number
! Firmware Version

!Interface Board
- Firebird or USB 3.0 i
i Driver Version i

! DCAM-API
: DCAM Version
i Module Version

Registration

Adjust the orientation, rotation or pixel shift of the camera

Camera Registration

Flip, Rotate Camera Image

X

i Orientation

Camera Flip Flip image

) , : horizontally or
®)CAM 1 Horizontal Vertical L § vertically
Rotation Rotation

: Rotate image

Clockwise Q Angle a ! clockwise
Rotation Degrees:
X, Y Shift : X, Y Pixel Shift

Adjust image by
i single pixels

HClmageLi

'VE

C13440-20CU Camera
Serial Number: 5/M: 930011

+ Verzion: 4,03.B

Board: USE3

Driver Version: 1.2.6.5145
DCAM Version: 4,00

Module Version: 16.9.642.5143

image.

Note: High Speed Streaming does not support multiple channel acquisition, camera registration
features (e.g., flip, rotation and pixel shift) or software processing operations (e.g., shade

correction and rolling average).

HAMAMATSU

PHOTON IS OUR BUSINESS

www.hcimage.com




Capture Mode

By default, cameras are set to internal "free running" mode, where the software controls the
exposure and readout timing. Most cameras also have external input trigger modes to synchronize
with an external instrument where the external instrument becomes the master and the camera
becomes the slave. The example below shows the capture modes available for the ORCA®-Flash4.0
V3 with the Camera Link and USB 3.0 interfaces. For more information about Capture Modes,
please see "External Input Trigger Modes" on page 23.

Trigger Modes, Speed and Registration -
Speed 2 e Camera Info...

Registration
Capture Mode

External Input Trigger Option
Pos MNeg 1 =

-

External Edge Trigger -
External Level Trigger Delay 0 - |us
Synchronous Readout

External Start Trigger

Internal {Light Sheet)

External (Light Sheet)

External Start Trigger (Light Sheet)

Output Trigger Options

Some cameras provide a range of output trigger signals to synchronize with an external instrument
where the camera becomes the master and the external instrument becomes the slave. For this
particular camera, there are three different trigger output functions, as well as a continuous High
output (High output fixed) or continuous Low output (Low output fixed). For more information,
please see "Camera Trigger Output" on page 31.

Timing Output : : Show OQutput : Polarity : Trigger Output
SMA connectors : : Trigger Options : Positive or  { Three output trigger
onthe backof { : Expand output : Negative : functions plus a continuous
the camera | ! trigger panel : fixed High or Low output
XT.TRIG. r—TIMING—  LUSB3D : | [¥1show output Trigger Options ; :
- e I - Output Trigger . ......................
r:,‘ r;} "q 1" " rerEreCreroreT Programmable Trigger Option
by . e o il v @Pos (DNeg :

-

: Delay 0 - |us
EXPOSURE v
Low Period 1.0 *|ms

Active |PROGRAMABLE
TRIGGER READY Source  READOUT END
HIGH

Pre HSYMC Count =

www.hcimage.com 10 HAMAMATSU
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Advanced Camera Properties

DCAM Properties are a list of camera parameters reported by DCAM. The camera properties and
reported values are specific to the connected camera and in some cases provide access to
additional functionality based on the capture mode. For example, the ORCA®-Flash4.0 V3 supports
multiple levels of pixel correction for quantitative and qualitative control of images.

Correction Level for

When Exposure Time Is

Ratio of the number of
pixels to be corrected to the

LU ST total number of pixels
Aggressive 1 second or longer Approximately 0.1 %
Standard (default) lessthan 1 second Approximately 0.05 %
Minimum 10 milliseconds or less Lessthan 0.001 %
Off Zero 0%

How to Select Pixel Correction Level

In the Capture pane, expand the Advance Camera Properties panel and locate Hot Pixel Correct
Level in the list of DCAM Properties. When the Correction Mode is ON, select the level of hot pixel

correction from the list.

Advanced Camera Properties

DCAM Properties
MName

DEFECT CORRECT MODE
HOT PIXEL CORRECT LEVEL

Yalue

Enable Correction Mode
Select ON from the list

ar
STANDARD

B TP

B

STAWNDARD
FAIMIMLUI
AGGRESSIVE

Processing

i Set Correction Level
Select the desired level of
hot pixel correction

The Processing Panel provides the opportunity to enhance images during focus and acquisition by
incorporating image-processing operations during or immediately after image Capture. To select an
Image Processing operation, first expand the Process Pane and then select the Operation Type.
Rolling Average and Frame Integration are used for noise reduction. Use the image arithmetic
functions like Shade Correction, Background Subtraction or Image Subtraction to remove artifacts
from the incoming image. Clicking Capturel will initiate image capture with the selected image

processing operations applied.

Note: For Image Correction or Arithmetic, the user must first choose a source or background
image. The image may be the current image saved in a buffer or one previously saved to disk. To
use the current image, make sure Processing is OFF, select Buffer, click Capture and then select
Shade Correction, Background Subtraction or Image Subtraction. Use the same method when

using an image from Disk.

Hint: Enable Processing ON for correction image when you would like to capture a correction
image using Rolling Average or Frame Integration. When you are ready to capture the correction
image, select Rolling Average and enter the number of frames, enable Processing ON for
correction image and then click the Capture button to the right of Buffer. The captured averaged
image is stored in the buffer and ready to use a correction image.

HAMAMATSU
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How to Setup a Background Subtraction

Typically used in fluorescence microscopy, a background subtraction can be used when the image
presents a dark non-uniform background. To perform a background subtraction click Live, bring the
sample into focus and then move the stage off of the sample so that only the background is visible.
Next, follow the steps below, when finished move the stage to bring the sample into view and the

background subtraction is applied.

% Processing

:*[] Background Subtraction

Further Processing
(®) NONE

(") Rolling Average

(") Frame Integration

(") shade Correction

(") Image Subtraction

Correction Image

(OBuffer | Capture

(") subtraction/Addition

Image: Backgroundd.... o

Offset: | 100 =

O Processing OM for
correction image

©

Correction Image
Select Buffer and
click Capture

Camera Offset
Enter 100

Operation
Select Background
Subtraction

Hint: HCImage remembers the capture settings from the previous session, if background
subtraction was left enabled, Process ON will be displayed in the Camera Control panel. The
display image may appear distorted or black.

=H Camera Control -
Auto Expose
Gan ) Exposure
0 | pefault ~ 0 [0 e
www.hcimage.com 12 HAMAMATSU
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THE SEQUENCE PANE

The Sequence pane provides a variety of options for defining a time lapse or high speed streaming.
The sequence controls at the top of the pane (shown below) are always visible and used for
selecting the scan type and reporting in real time, information about an ongoing sequence. This
sections covers the basic steps for setting up a typical time lapse and high speed streaming.

Progress
Displays the §
number of
images

Event Markers
Annotate the time }
when a significanté

occurred }

Time Lapse

i8can Settings
:Save and load
Escan settings

! Scan Type
: Select acquisition
type from list

i SelectScan Type | Time Lapse
L (=

*

High Speed Streaming

Progress

*+*Event Marker: 0:

01 2 3|4 |56

Time Elapsed:

00:00:05,35 #==aenees e

w Delay Remaining:

00:00:00 | »

! Frame Rate
i Displays the current
i speed in frames per

.} second

! Elapsed Time

Time from the start
i of the acquisition
(hh:mm:ss.ms)

The Scan Settings panel provides a variety of options for defining a time lapse to fit the needs of
your application. This section provides three examples of typical time lapse settings, using each of

the storage options.

AutoSave

Define where and i
how to store
acquired data }

Speed |’

Select maximum i
speed or define a
capture interval }

Storage Type
Write data directly |
to disk (Slow) oré
stream into }
memory (Fast) }

Scan Settings -
| ] Autosave
® cxp
O TIFF @ Live Image
O MPTIFE o Re:i.é;. ...............................
*****f&] Enable Maximum Lo 1 L LT ————
(@0 Delay () Continuous
(O Field Delay1 sec  (@®EndFrame | 2990 =
(O Field Delay2 0.0 sec  (JEnd Time IT' sec

Type "w’, "m’, "s", "t" to change Units _ §
u=micrasec, m=millisec, s=sec, t=min

(®) to Memory (2555)

{¢) to Temporary Buffer

RAM Limit i

Define the amount ofg
available RAM for i
streamingé

ETempurary Buffer

: Stream data to memory with

: Display

;Select a live display
i or to review
acquired images

"t Control
i Define acquisition
endpoint by user control,
i frame number or time
i duration

“i Tooltip
Hovering over the delay
time will display the units
i of time

Ethe option to delete or save to

i a CXD, TIFF or MPTIFF

HAMAMATSU

BUSINESS
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How to Use AutoSave

In the AutoSave Properties dialog, the user can determine how and where to store the acquired
data. Image data can be saved as a CXD, TIFF or MPTIFF. The example below provides a

description of the Auto Save Properties dialog.

AutoSave Properties =

Type
@®cxp (OTIFF () MPTIFF

Location

Folder: | D:\Experiment Data,

File Name

B | GFP_10ms

Start Number: | 69 =

D Owverwrite Existing Data

[JUse Leading Zeros
( ex: 00035)

.| ....................... ;

O

Set the File Type
Select the file type

Set Location

Click the ellipsis icon and
navigate to the destination
directory

Set Default File Name
Enter file name

Save Settings
Click OK

Note: MPTIFF files have a 65 000 image limit or 4 GB size limit. For image sequences exceeding
these limits, multiple MPTIFF files will be saved and numbered sequentially.

Setup a Time Lapse - Save to Disk

The time lapse in this example will acquire an image every 30 seconds for 3 hours and the data will
be saved as a cxd. Once your are satisfied with capture settings and the sample is in focus, go to

the Sequence pane and follow the steps below.

Scan Type

Select Scan Type | Time Lapse -
= =
stop
Progress
fps Time Elapsed:
Event Marker : 0: "

00:00:00 | »

Scan Settings

Delay Remaining:

Select Time Lapse

Auto Save

AutoSave

(®) Live Image

Click the ellipses icon, select
CXD and enter the file location
and naming convention

Field Delay

Enter 30 =

End Time

Enter 3 h

DISK

_JReview
i [#] Enable Maximum Control :
i (oDelay () Continuous
e (_JEnd Frame L =
#=-4@) Field Delay 1 30.0 sec .
) (%) End Time 3.0 |hrs

(_)Field Delay2 0.0 sec

(®) to Disk

OtoMemory (2581)  |pam...| (O to Temporary Buffer

Select to DISK

Start Acquisition
Click Start

o
e

www.hcimage.com
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Setup a Time Lapse - Save to the Temporary Buffer

Acquired data is stored in memory with the option to review the image sequence before saving or
deleting it. When Temporary Buffer is selected, End Frame is automatically enabled and display the
maximum number of frames that can be streamed to memory. Once your are satisfied with capture
setting and the sample is in focus, go to the Sequence pane and follow the steps below.

Scan Type
Select Scan Type | Time Lapse v h Select Time Lapse
= =
Stop
Progress
fps Time Elapsed:
Event Marker : 0: v Delay Remaining:

012, 3 4,5 |6 7|8 9 00:00:00 | »

Auto Save
Click the ellipses icon,

Scan Setti -
naelings select CXD and enter the

[¥] dutosave | .5 file location and naming
o convention
() TIFF (®) Live Image
() MPTIFF () Review .
e Field Delay
i [#]Enable Maximum Contral : Select 0 Delay
i Continuous
(_)Field Delay1 0.0 sec (@) End Frame 500 2 End Frame
(JFieldDelay2 | 0.0 | sec End Time 0.0 |sec Enter 500
() to Disk
_ (®) to Temporary Buffer
(") to Memary {2481) RAM... ’ - Temporary Buffer
Select to Temporary Buffer
Save Buffered Images “
Type: (@) CXD () TIFF (_JMPTIFF Start Acquisitinn
Location Click Start
Folder: | D:\Data\DRG_GFP_10ms1}
File Mame
Prefic: | 061015 Acquisition Complete

Review acquired data
using the playback

-

Start Mumber: | 7 Use Leading Zeros

( ex: 00035) .
[ Overwrite Existing Data controls in the Image
Display

Range
@al 1..500
(JRange Define (LS Ty T 1l Save or Delete

i h Save - click OK

Cancel Delete - click Cancel

Note: Streaming to the Temporary Buffer is very useful because it provides the option to review
the image sequence when trying to capture specific event and for demonstrating camera speeds.

HAMAMATSU 15 www.hcimage.com
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Setup a Time Lapse - Save to Memory

The time lapse in this example will store images in memory until the acquisition is stopped or runs
out of memory at which point the acquired images are saved to disk for the remainder of the time
lapse. Once your are satisfied with capture settings and the sample is in focus, go to the Sequence
pane and follow the steps below.

Scan Type
Select SanType | Time Lapse Moo " Select Time Lapse
= =
Stop
Progress
fps Time Elapsed:
Event Marker : o h Delay Remaining:
0|1 234|567 |89 00:00:00 | »
B L Al-.ltn Save . .
; Click the ellipses icon, select
ﬁiutoSave - CXD and enter the file location
(@) cxD and naming convention
() TIFF @) Live Image
9] _)Review .
: e Field Delay
R s . Select 0 Dela
Enable Maximum Contral : Y

:-(@) 0 Delay (®) Continuous Continuous
Select Continuous

Memory
h Select to Memory

(FieldDelayl | 0.0 |sec  (O)EndFrame

(OFeldpelay2z | 00 |sec  (JEndTime 0.0 |sec

(") to Temparary Buffer
#) to Memary (9830) RAM... Start Acquisition
Click Start

High Speed Streaming

High Speed Streaming is used to obtain the fastest acquisition speed from the camera. This scan is
optimized for single channel streaming to RAM or directly to the computer's solid state drives (SSD)
configured in a RAID 0.

Note: Acquisition rates will vary based on the PC configuration, for information about the
computer requirements, please see the PC Recommendations for ORCA®-Flash4.0 V3.

Control i

Enter the number of frames
to acquire and the Scan Settings |

approximate end time is

displayed totheright § | ™ om0 - Bt Time e

Stream Type

Stream directly to HDD or DIsk |D:\ExperimentDaIa\rec*.ddmg |EI° DCIMG Location
into memory with option to ™ - _ : Set a file location for
use Circular Buffer : oo | [JGireuter Buffer ! streaming data to DISK
AutoSavef/AutoConvert || *[] AutoSave AutoConvert | ... Display
Define how streamed (Ofwo] (®) Live Image SEI?Ct ? Iwe.dlzpllay orto
data is handled : P— S retimseesssneesss e TEVIEW BCQuired Images
o () review
MFTIFF
www.hcimage.com 16 HAMAMATSU
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https://www.hamamatsu.com/sp/sys/en/documents/PC Recommendation for Orca-Flash4 V3LT+ (20180619).pdf

Note: High Speed Streaming does not support multi-channel acquisition, camera registration
features (i.e., flip, rotation and pixel shift) or software processing operations (e.g., shade

correction and rolling average).

Steps for Streaming to Disk

When streaming to disk, a temporary file (.dcimg) is created to store the data while it is being
acquired, the temporary file location needs to be located on the RAID array, SSD drive, or the
fastest drive available. Configure the capture settings, go to the Sequence pane and follow the

steps below.

Select Scan Type High Speed Streaming (77" s e

= =
Progress

Time Elapsed:

—

Event Marker: hd | Delay Remaining:
0|1 2 3 4 5|6 T & 9 00:00:00 | »

Scan Settings *

Frame Count 1000 = Best Time 9,5003 seC

H
DI5K | D:\Experiment Data\DCIMG Yy ec™.ddmg | El

RAM Circular Buffer

AutoConvert
@ oD @ Live Image
O TIFF O Review
(I MPTIFF

Select Scan Type
Select High Speed
Streaming

Enter Frame Count
Enter the number of
images to acquire

Select Stream Type
Select DISK

Auto Convert File Type
Enable AutoConvert and
select file type

Start Streaming

Click Start

Note: To leave the streamed data as a DCIMG file disable AutoConvert.
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Steps for Streaming to RAM

Acquired data is stored in memory with the option to review the image sequence before saving or
deleting it. In the AutoSave Properties dialog, the user can determine how and where to store the
acquired data. Once your are satisfied with capture settings and the sample is in focus, go to the

Sequence pane and follow the steps below.

Note: The Circular Buffer stores streamed data in memory, once the frame count has been

reached, the previous acquired data is replaced sequenti

ally. The cyclic process repeats until the

acquisition is stopped, leaving the most recent images stored in RAM.

Select Scan Type T Frna Boar—y O
= =
Progress
0 I:l fps Time Elapsed:
Event Marker: hd | Delay Remaining:
0|1 /2 3 4|5 6|7 & 9 00:00:00 | »
Scan Settings ] -
Frame Count 1000 = Best Time 29,9003 sec
DISK D:\Experiment Data\DCIMGYyec®. dcmg
: [Jcircular Buffer
AutoSave
@cxo (®) Live Image
TIFF
o () Review
() MPTIFF

Select Scan Type
Select High Speed
Streaming

Enter Frame Count
Enter the number of
images to acquire

Select Stream Type
Select RAM

Auto Save File Type
Enable AutoSave and
select file type

Start Streaming
Click Start

©
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DATA REDUCTION

Reduce the amount of image data by using the LUT or Data Extraction. LUT is a customizable Look
Up Table that allows the user to specify the range for 12 or 8-bit output. Data Extraction is used to
define which pixels that the camera will output using ROI or byte masks.

Sensor

LUT

|
! }

Pixel Type (8/12/16-bit) Extraction (16-bit)

L

Camera Link / USB 3.0

Data Reduction not only reduces the amount image data that will be acquired, it allows for higher
frame rates through USB 3.0 with 12 or 8-bit output.

Camera Link USB 3.0

Resolution™ Output Bit Depth frames per second 2 frames per second 2
16 100 40

2048 x 2048 12 100 53
8 100 80
16 200 80

2048 x 1024 12 200 106
8 200 160

2048 x 512 16,12 0r 8 400 200

2048 x 8 16,12 0or 8 25655 20524

*1 pixels centered on sensor, horizontal x vertical *2 In standard scan mode

Note: In order to achieve a reduced file size using Data Extraction or Data Reduction, the images
must be acquired using High Speed Streaming to Disk and saved as DCIMG file type. Saving as or
exporting to another file type (e.g., cxd or tiff) will result in 16-bit file size.

HAMAMATSU 19 www.hcimage.com
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LUT

How to Setup LUT Range 12-bit

Configure the capture settings and follow the instructions below.

Data Reduction

...E LUT SEJLID

Data Extraction

Define Region

Rectangles

Depth:

12 bit ¥

Byte Mask

LUT Setup

Use Histogram Values:

Get Min/Max | == Min |94 =
(16-bit values) Max | 31936 =
=

Set Bits Per Channel
Select 12-bit

Setup LUT
Click LUT Setup button

Set Min/Max Values

Click Get Min/Max button or
enter the values manually
and click OK

Enable LUT
Select LUT

How to Setup LUT

Range 8-bit

Configure the capture settings and follow the instructions below.

Data Reduction

LT Sefup

Data Extraction

Define Region

Depth: 3 bit

Set Image Depth
Select 8-bit

Setup LUT
Click LUT Setup button

Rectangles Byte Mask
LUT Setup >
Use Histogram Values: Set Min/Max Values
- NI Click Get Min/Max button or
. _ 758 =
’ Min I: G enter the values manually
(16-bit values) - @ = and click OK
Enable LUT
Cancel Select LUT
www.hcimage.com 20 HAMAMATSU
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How to Setup 12-bit / 8-bit without LUT

Configure the capture settings and follow the instructions below.

o Set Bits Per Channel
Enter 12-hit

SN D) No LT
Data Extraction Disable LUT (uncheck)

Define Region

Rectangles Byte Mask

Data Reduction

a Set Image Depth
Select 8-hit

Data Reduction

m LUT SEtL.Ip DEpﬂ"“ ---------------------------

No LUT
Data Extraction Disable LUT (uncheck)

Define Region
Rectangles Byte Mask

Note: The camera outputs MSB (most significant bit) 12-BIT / 8-bit images. This is not suitable
for darker images as the lower 4-bits or 8-bits are lost. It works well for brighter images when
detail intensity is not important.

How to Save Data with LUT

Once the capture and LUT settings have been configured, go to the Sequence pane and select High
Speed Streaming from the Select Scan Type list.

Select Scan Type
Select High Speed

= = Streaming

Progress

0 I:I fps Time Elapsed:
I—

Select Scan Type | High Speed Streaming

Event Marker: | hd | Delay Remaining:
0 1 2|3 4|5 6 7|8 3 | 00:00:00 |»
Enter Frame Count
Scan Settings o Enter the number of

images to acquire

Frame Count 1000 = Best Time 29,9003 sec

DISK | [ Dr\Experiment DataDCIMG ec™ deimg =] Select DISK

Select Stream Type

RAM Circular Buffer

Auto Convert File Type
Auto[:on\.'ert Enable :ﬁutoConvert and

select file type

@ oD (®) Live Image

@ () Review Start Streaming

(O MPTIFF Click Start
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Data Extraction

This can reduce the amount of image data by defining which pixels that the camera will output using
ROI or bitmap masks. Data Extraction can reduce the amount of data when streaming to DCIMG.
How to Define ROI for Data Extraction

In the Capture pane configure the camera settings and follow the instructions below.

Yy

Data Reduction
Ceur Setup Depth: 16 bit ~
++=+==<f*] Data Extraction

Define Region

Byte Mask Select Extraction Method
.................................................................................. y Click Rectangles

X v O o

Define Regions
Draw regions of interest
and click OK

HCImageLive *

Flease select your Extraction areas.
P I % Click OF, when finished,

Enable Data Extraction
Select Data Extraction

How to Save Extracted Data

In order to achieve a reduced file size using Data Extraction, the images must be acquired using
High Speed Streaming to Disk and saved as DCIMG file type. Saving as or exporting to another file
type (e.g., cxd or tiff) will result in 16-bit file size. For instructions on saving as DCIMG, please see
"LUT" on page 20.
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EXTERNAL INPUT TRIGGER MODES

The camera has various external input trigger functions to synchronize the camera with the
external equipment. In the external trigger mode, the external equipment becomes a master and
the camera becomes a slave. For information on Light Sheet capture modes, please see "Light
Sheet Mode" on page 37.

Trigger Modes, Speed and Registration
Speed 2 e Camera Info...

Registration

Capture Mode

External Input Trigger Option

&

Pos MNeg 1

-

External Edge Trigger
External Level Trigger
Synchronous Readout
External Start Trigger
Internal (Light Sheet)
External (Light Sheet)
External Start Trigger (Light Sheet)

&

Delay 0 > lus

External Trigger Delay Function

For each external input trigger mode of the camera, a delay can be set between the input trigger
signal and the start of capture of the camera. A delay from 0 ps to 10 s (10 us steps) can be
entered in the Delay box under External Input Trigger Option.

External Edge Trigger

An external signal triggers the start of exposure timing for each frame (i.e., the rising/falling edge
of the external pulse triggers the capture of a frame). The exposure time is set by HCImage.

Edge trigger mode

External trigger J_l I I

Sensor readout

Camera Link data output

USB 3.0data output

]

f
i

Global exposure timing output i I |
T

Trigger ready output I I I'
(Camera Link) ' T
Trigger ready output I I |_|
(USB 3.0)

K Delay: 292.33ps Jitter: 32.48 ps (Slow scan mode) * Delay: 87.7 ps Jitter:9.74 pus

External Edge and Level Trigger: Maximum Speed = Exposure Time + Readout Time
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Setup Capture Mode for External Edge Trigger

Follow the steps below to enable external edge trigger mode in HCImage. Enter the exposure time
in the Camera Control panel. Click Live and the software will wait until the camera receives the
external signal before displaying an image. A stream of triggers are required for continuously
updated images.

Trigger Modes, Speed and Registration

Speed 2 ~ Camera Info...
FETETENLT Set Capture Mode
Capture Mode e B Seleet External Edge Trigger
: External Input Trigger Option
- -
External Edge Trigger ~ @ pPos ONeg i -

Trigger Delay
Delay |0 =gt e Enter optional trigger delay

|:| Master

Pulse SELE

[ show Output Trigger Options

External Level Trigger

In external level trigger mode, an external signal controls the start of exposure timing and the
exposure time length. The exposure time is determine by the trigger pulse width.

Level trigger mode

Externaltrigger

kS ol ro '
—>\ — ! — —
OH 1 T 3 T
1H ! ‘ 24
I ! Lo
: ! 1 i
1023H L i I
023 i Exposure | |
|
s | i
2046H i
2047H T - T
N i
i i
Sensor readout t
H

Camera Link data output

USB 3.0data output

Global exposure timing output
Trigger ready output I I‘ i'
(Camera Link) . !
Trigger ready output I I |—1
(UsSB 3.0)

* Delay:87.7 ps  litter:9.74 ps
¥ Delay: 292.33ps Jitter: 32.48 s (Slow scan mode)

Note: In External Level Trigger mode, the exposure time in the Camera Control panel is grayed
out because the exposure time is controlled by an external source.
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Setup Capture Mode for External Level Trigger

Follow the steps below to enable external level trigger mode in HCImage. Click Live and the
software will wait until the camera receives the external signal before displaying an image. A
stream of triggers are required for continuously updated images.

Trigger Modes, Speed and Registration

Speed 2 w Camera Info...

Registration Set Capture Mode

CoptureMode Select External Level Trigger

External Input Trigger Option
External Level Trigger @®Pos ONeg . 7S

Trigger Delay
Delay |0 | gt e Enter optional trigger delay

Ceeennes

D Master

Pulze Izile

[ show output Trigger Options

Synchronous Readout Trigger

(1) Normal operation (pulse count 1)

The synchronous readout trigger mode is used for continuous imaging when it is necessary to
control the exposure start timing of each frame from an outside source and also when it is
necessary to secure as long exposure time as possible. In the synchronous readout trigger mode,
the camera ends each exposure, starts the readout and also, at the same time, starts the next
exposure at the edge of the input trigger signal (rising /falling edge). That is, the interval between
the same edges of the input trigger becomes the exposure time. So the first pulse starts exposing
the first frame, the second pulse stops the exposure and starts the readout of the first frame and at
the same time starts exposing the second frame. The third pulse stops the exposure and starts the
readout of the second frame and at the same time, starts exposing the third frame. The minimum
exposure time is equal to the readout time.

Synchronous readout trigger pulse count 1

Externaltrigger | 1 I

Xy ?‘ ...... pulse count
—\ —

1023H
1024H H

2046H i
2047

Sensor readout

Camera Link data output " "
USB 3.0 data output ' | I ' | l ! | I

Global exposure timing output

Trigger ready output
(Camera Link) i
Trigger ready output I | | | | I
(USB 3.0
HAMAMATSU 25 www.hcimage.com
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Setup Synchronous Readout Trigger (pulse count 1)

Follow the steps below to enable synchronous readout mode in HCImage. Click Live and the
software will wait until the camera receives the external signal before displaying an image. A
stream of pulses are required for continuously updated images or at least 2 pulses are required to

capture a single image.

Trigger Modes, Speed and Registration

Speed 2 Camera Info...

Registration

Capture Mode
External Input Trigger Option

(@ Pos (JMNeg 1
Delay 0

Synchronous Readout

ry

-

Master
Pulse

(]

Setup

[ show Output Trigger Options

(2) Pulse count

Set Capture Mode
Select Synchronous Readout

Pulse Count
Enter 1 pulse

Trigger Delay
Enter optional trigger delay

Useful for synchronizing the camera with a spinning disk confocal, the exposure time is determined
by a specified number of timing pulses or pulse count. For example, the pulse count is set to 3. The
first pulse starts exposing the first frame, the fourth pulse stops the exposure and starts the
readout of the first frame and at the same time starts exposing the second frame. The seventh
pulse stops the exposure and starts the readout of the second frame and at the same time, starts

exposing the third frame.

Synchronous readout trigger pulse count 3

1 2 3
| e

X~ ‘empulse count '

External trigger

OH
1H

lan E Exposure

2046H

I
|
I
'
i
|
7 1
1023H |
'
'
|
'
'
I
I

2047H
Sensor readout , h :

Camera Link data output

USB 3.0 data output

L

Global exposure timing output

Trigger ready output
(Camera Link) ‘ '

Trigger ready output I I

(USB 3.0)
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HAMAMATSU

PHOTON IS OUR BUSINESS



Setup Synchronous Readout Trigger (pulse count 3)

Follow the steps below to enable synchronous readout mode in HCImage. Click Live and the
software will wait until the camera receives the required external signal pulses before displaying an
image. A stream of pulses are required for continuously updated images or at least 4 pulses are
required to capture a single image.

Trigger Modes, Speed and Registration

Speed 2 v Camera Info... Set Capture Mode

............................................................ select Synchronous Readout
Registration

Capture Mode
External Input Trigger Option

AR e iens s @ Pos ONe 3 2 hooiholoooooood o PUISE Count
¢ I: L Enter 3 pulses
Delay |0 =TT Y P N .

Maste :
O Pauslser Setup Interval: 100.0 ms Burst Count: 1 eTrigger Delay

Enter optional trigger delay
[]show Qutput Trigger Options

External Start Trigger

External start trigger mode utilizes a single trigger pulse to start acquiring images. An external
signal triggers the start of exposure and then the camera acquires images at max frame rate in
internal "free running" mode. This mode is only available when acquiring a single channel.

Start trigger mode

External trigger

i
Internal exposure time setting i
i

OH
1H

1023H

10248 | Exposure |

2046H
2047H

Sensor readout

Camera Link data output
USB 3.0data output

Global exposure timing output

Trigger ready output
(Camera Link)

Trigger ready output Jl |
(USB 3.0) ;

* Lessthan 100 ms: Thereis invalid readout of 1 frame
More than 100 ms: Thereis Delay of 100 ms
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Setup Capture Mode for External Start Trigger

Follow the steps below to enable external start trigger mode in HCImage. Enter the exposure time

in the Camera Control panel. Click Live and the software will wait until the camera receives the
external signal before displaying an image.

Trigger Modes, Speed and Registration *
Speed z e Camera Info...

Registration
Capture Mode Lrrressssssesrrresssssssasrreessssssaasrrreessassnaarrnes o
External Input Trigger Option

Set Capture Mode
Select External Start Trigger

External Start Trigger ¥ (@1 (JNeg =
Trigger Delay
Delay |0 v ustrT ) Enter optional trigger delay
Maste
(| pﬁser Setup Interval: 100.0 ms Bursk Count: 1

[]show Output Trigger Options
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MASTER PULSE

The ORCA®-Flash4.0 V3 has a pulse generator built into the camera. Master Pulse can be used to
control the timing of the camera as well as for synchronizing another camera and devices. Master
Pulse timing modes include: Continuous, Start and Burst.

Master Pulse

Mode Required Capture Mode Description
Continuous Internal Pulse is output at a specified interval which allows
for control of the frame rate
Start External Start Trigger External source triggers the start of timing and then
pulse output is at specified interval
Burst External Edge Trigger External source triggers a specified number of
pulses

How to Set Master Pulse Continuous Mode

In the Capture pane enter the exposure time and then expand the Trigger Modes, Speed and
Registration panel. Follow the steps below to configure the Master Pulse with Internal mode. Once
configured, click Live and the camera will wait for the external trigger to begin acquiring images.

-

Trigger Modes, Speed and Registration

Speed 2 e Camera Info...
RIS Set Capture Mode
Capture Mode L select Internal
External Input Trigger Option
Internal 4 =

Pos MNeg 1

Select Master Pulse

* Master Enable Master Pulse and click
-5E1LIIII Interval: 10.0 ms Burst Count: 10
Pulse - the Master Pulse Setup button

[] show Output Trigger Options

Master Pulse Setup x Set Master Pulse Interval
Enter the pulse interval and

: | 10,08 i
Interval: ms click OK

Burst Count: 10 =

-

Cancel
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How to Set Master Pulse Burst Mode

Make sure that the trigger cable is connected to the External Trigger SMA port on the back of the
camera. In the Capture pane enter the exposure time and then expand the Trigger Modes, Speed
and Registration panel. Follow the steps below to configure the Master Pulse Burst Mode with the
external edge trigger. Once configured, click Live and the camera will wait for the external trigger

to begin acquiring images.

Speed 2

Capture Mode

External Edge Trigger

[]show Output Trigger Options

Trigger Modes, Speed and Registration

1 Maste
pauTser Interval: 2.001ms

~ Camera Info...

Registration

External Input Trigger Option

®Pos (JNeg 1 =

P S

Burst Count: 10

Master Pulse Setup *

Interval: | 2001 |ms

Cancel

How to Set Master Pulse Start Mode

In the Capture pane enter the exposure time and then expand the Trigger Modes, Speed and
Registration panel. Follow the steps below to configure the Master Pulse with the external start
trigger. Once configured, click Live and the camera will wait for the external trigger to begin

acquiring images.

Speed 2

Capture Mode

External Start Trigger

[]show Qutput Trigger Options

= Master
Pulse Interval: 10.0 ms

Trigger Modes, Speed and Registration

~ Camera Info...

Registration

External Input Trigger Option

- ®Pos () Neg 1 =

Master Pulse Setup d

Interval: ms

-

Burst Count: 10

-

Cancel

Set Capture Mode
Select External Edge Trigger

Select Master Pulse
Enable Master Pulse and click
the Master Pulse Setup button

Configure Master Pulse
Enter the pulse interval, the
number of pulses and click OK

Set Capture Mode
Select External Start Trigger

Select Master Pulse
Enable Master Pulse and click
the Master Pulse Setup button

Set Master Pulse Interval
Enter the pulse interval and
click OK
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CAMERA TRIGGER OUTPUT

The camera provides a range of trigger output signals to synchronize with an external instrument
where the camera becomes the master and the external instrument becomes the slave. There are
three different trigger output functions, as well as a continuous High output (High output fixed) or
continuous Low output (Low output fixed). These three different trigger output functions can be
selected by software command, and they are output from any of the Timing out connectors.

Timing Output | { Show Output : Polarity i Trigger Output
SMA connectors | Trigger Options Positive or  { Three output trigger
on the back of Expand output : Negative functions plus a continuous
the camera ! trigger panel i fixed High or Low output

Show Qutput Trigger Options:
e greesrsnsnnnnd
boocoocoooconcod B Programmable Trigger Option

0

Delay 0 2 lus
EXPOSURE o
Erio Hill
— TIMING— LOW - ||ms
Y- PROGRAMABLE Source | READOUT END
P ! ) &) TRIGGER READY
HIGH

Pre HSYNC Count O =

-

Global Exposure Output

Global exposure output is used to precisely control the on/off timing of an external illumination
source in order to synchronize with the global exposure period, when all of the sensor lines expose
at the same time. This mode is typically used for controlling a pulsed illumination source such as a
laser or LEDs, as well as a fast shutter.

Global Exposure Time = Exposure Time - Readout Time

Global exposure timing output

Internal exposure timing setting S

0H
1H

1023H
1024H

2046H

2047H
Sensor readout —! I—l I—I |—
Global exposure timing output_' - - r

Note: There is no output signal when the exposure time is less than the frame rate.
Electrical shutter mode - Camera Link

Internal exposure time setting
0H
1H

1
]
1
1
1

1023H
1024H

Exposure :

2046H
2047H

Sensor readout

Global exposure timing output
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Setup Global Exposure Output Trigger

Set Output Port Set the Polarity Set Trigger Output
Select connector 1 Select Positive Select Exposure

from the list

Show Output Trigger Options

Qutput Trigger
Programmable Trigger Option

1 2 Delay 0O us

-

2 EXPOSURE -
3 Period 1.0 > ms

Sensor | ALL VIEWS =
Source |READOLUT END

Pre HSYMC Count

Programmable Timing Output

By using the programmable timing output, synchronizing external devices is simple. A system that
needs simple timing signal does not require a delay unit or pulse generator. It is possible to
program and output a pulse that has an optional pulse width and an optional delay time to the end
of readout timing or Vsync. The range for delay time is O us to 10 s, and the range for pulse width is
1 psto 10 s (1 us steps).

Note: Programmable triggers occur after the frame that triggers it.

Show Output Trigger Options

Output Trigger H
Programmable Trigger Option : Pulse Delay
1 ~| @Pos (JMNeg _ : Range O psto 10 s
Delay |0 RS
Kind | PROGRAMABLE v i Pulse Width

Period | 10 Fqms .iRangelpsto10s
Sensor | ALL VIEWS
"t Reference Signal

i Determines when the
camera outputs a pulse

The relation between the parameter which can be set with each reference signal, and an output
signal becomes below.

Reference Signal Output Signal

Readout End Camera outputs a pulse after certain delay from the end of sensor readout.

Vsync Camera outputs a pulse after certain delay from the beginning of readout.

Trigger Camera outputs a pulse after a certain delay, from the master pulse.
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Programmable timing output

External Trigger _T_I

OH
1H

1024H Exposure

2048H
2047H

|
i
i
|
‘
. |
;
1023H !
:
i
|
|
‘
i
:

ReadEnd

0
i
i
Sensor readout ;
i
i
|
"
|

' Delay  Pulse Width

'
i

Vsync : >
I

Delay Pulse Width

Setup Programmable Output Trigger

Timing Output Trigger Output Trigger Options
Select connector 1 Select Configure the:
i from the list i Programmable i  Pulse Delay
: i from the list i RangeOpsto10s
i Pulse Duration
H Output Trigger Programmable Trigger CJ|:|1:i::r'|'"""E Range 1psto10s
41 ~| @®Pos ONeg Reference Signal
Delay |0 - s Determines when
Kind | PROGRAMABLE & . = the camera outputs
Period | 1.0 ms
- L= a pulse, at the
Source |[READOUTEND  ~ beginning or end of
readout
Pre HSYMC Count =

Trigger Ready Output

The trigger ready output is useful to make the frame intervals as short as possible in external
trigger mode. For example, when the camera is working in the edge trigger mode, the next frame
can start after the previous frame exposure is done. Thus, the camera can not accept a trigger for
the next frame during the exposure period. The trigger ready output shows the trigger ready period
when the camera can accept an external trigger in the external trigger mode.

Setup Trigger Ready Output Trigger
Timing Output 9 Polarity Trigger Output

Select connector 1 Select Positive Select Trigger
: from the list i Ready from the list

Show Qutput Trigger Dpﬁonsé

Qutput Trigger HE
: ProgrammableTriggErOptiOI"I

. el we @Pos I Neg

Delay 0 *lus

-

kind | TRIGGERREADY &
Period 1.0 * s

-

Sensor | ALL VIEWS
Source READOUT END

Pre HSYNC Count -
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GLOBAL RESET

Global reset function is used to reset the electric charge of all of the pixels at the same time, just
before acquiring an image. This allows all of the pixels to start exposing at the same time. The first
line of the sensor exposes for the exposure time. The subsequent lines expose for the exposure
time plus the readout time. This means that the last lines of the sensor will expose for 10 ms longer
than the middle line. Global reset will work with External Edge and Level trigger modes.

Note: For optimal results, a dark condition is required during the readout of all of the lines.

Edge Trigger with Global Reset

This mode is used with Global Exposure Synchronization. On the edge of the voltage change of the
external trigger input, all of the lines start exposing. The first line of the sensor exposes for the
exposure time set in HCImage. The subsequent lines expose for the exposure time plus readout
time. This mode allows for external equipment to be the master and to precisely control the start of
the global exposure timing.

Edge trigger mode with global reset

Externaltrigger —T_\ I
N : : :'
— [ i
OH :
1K Exposure time
, ¢ | of the last lines
1023H | Dark is 10 ms longer
1024H Exposure | Condition Exposure than the center
) ‘ line
2046H
2047H
Sensor readout II |—
Camera Linkdata output I I i, I—
USB 3.0 data output ; I I ; ) [
Global exposure timing output - I : : l
Trigger ready output —! i'—|
(Camera Link) r
Trigger ready cutput 1
(USB 3.0) | [ |
K Delay:87.7 us jitter:9.74us K Delay:292.33 ps Jitter: 32.48 us (Slow scan mode)
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Setup Capture Mode for External Edge Trigger

Follow the steps below to enable external edge trigger mode in HCImage. Enter the exposure time
in the Camera Control panel. Click Live and the software will wait until the camera receives the
external signal before displaying an image.

Trigger Modes, Speed and Registration
Speed 2 - Camera Info...
Registration Capture Mode
e e e ........... 4 Select External Edge
External Input Trigger Option Trigger from the list
External Edge Trigger & (®/Pos [_)Neg 1 =
Delay |0 =|us Timing Output
Select connector 1
[+] show Output Trigger Options ™ from the list
S N N
T E @pos ONeg g FrogEmmeble Trigger Opton | :
Delay 0 2 lus
Kind EXPOSURE e ) = Trigger Output
Period 1.0 ms
Sensor | ALL VIEWS ~ Z Select Exposure
Source [READOUT END from the list
Adwvanced Camera Properties
DCAM Properties ~
= L= Trigger Global Exposure
TRIGGER GLOBAL EXPOSURE GLOBAL RESET  woferee ) Select Global Reset
TRIGGER CONMWECTOR EMC from the list
INTERNAL TRIGGER HANDLING SHORTER EXPOSURE ¥

Level Trigger with Global Reset

This mode is used with Global Exposure Synchronization. On the edge of the voltage change of the
external trigger input, all of the lines start exposing. The first line of the sensor exposes until the
edge of the voltage of the external trigger input. The subsequent lines expose for the exposure time
plus readout time. This mode allows for external equipment to be the master and to precisely
control the start of the global exposure timing.

Level trigger mode with global reset

External Trigger _1 - m

N\

T
1
|
i
|

OH
_1H Exposure time
of the last lines
| Dark : is 10 ms longer
Exposure Condition Exposure than the center

L

1023H
1024H

2046H

2047H T

Sensor readout

Camera Linkdata output

USB 3.0data output

Global exposure timing output ;

Trigger ready output I
(Camera Link) 1 '

|
Trigger ready output I I |

(UsB 3.0)
X Delay:87.7 us jitter:9.74ps K Delay:292.33 s Jitter: 32.48 s (Slow scan mode)

}

!
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Setup Capture Mode for External

Level Trigger

Follow the steps below to enable external level trigger mode in HCImage. Click Live and the
software will wait until the camera receives the external signal before displaying an image.

Trigger Modes, Speed and Registration

Speed 2 "

Capture Mode

- S,

External Level Trigger

Show Qutput Trigger Options

External Input Trigger Option
(@ Pos (INeg =

Delay 0 =

Camera Info...

Registration

1 =

us

Qutput Trigger
1 & @ Pos O Meg :
: Delay O = lus
Kind EXPOSURE =
Period 1.0 * 'me
Sensor | ALL WVIEWS e z
Source  READOUT END
Pre HSYNC Count =
Advanced Camera Properties
DCAM Properties ~
Name Yalue

TRIGGER GLOBAL ExPOSURE
TRIGGER COMMECTOR
INTERMNAL TRIGGER HANDLING

GLOBAL RESET  =efieeseeee: -

BMC

SHORTER ExPOSURE ¥

Capture Mode
Select External Level
Trigger from the list

Timing Output
Select connector 1
i from the list

i Trigger Output
Select Exposure
from the list

Trigger Global Exposure
Select Global Reset
from the list

www.hcimage.com
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LIGHT SHEET MODE

Light Sheet Microscopy, sometimes referred to as SPIM (Selective Plane Illumination Microscopy)
requires synchronizing image acquisition with the movement of light as it sweeps across a sample.
The ORCA®-Flash4.0 V3 Light Sheet Mode incorporates specific timing features and a unified
readout direction allow for this synchronization to occur.

Readout Direction

With normal area mode, the camera readout is from the center line to the top line and to the
bottom line simultaneously. With light sheet mode, the camera readout is from the top to the
bottom line or from the bottom to the top line.

Normal Area Mode Light Sheet Mode

=)

5 =
= =
= 2
=) =
= =

How to Change Readout Direction

With a light sheet mode enabled, expand the Advanced Camera Properties panel and under DCAM
Properties, select Forward or Backward from Readout Direction list.

i Readout Direction Forward Backward
Forward/Backward { Top to Bottom Readout i Bottom to Top Readout
Advanced Camera Properties ........................................... : H H
Name value i => :>
READOUT DIRECTION FORWARD ¢
COLORTYPE FORWARD =>
BIT PER CHANNEL BACKWARD, :>
TRIGGER GLOBAL EXPOSURE DELAYED - => =>
SENSOR COOLER STATUS REAL
EXPOSURE TIME CONTROL NORMAL - |:> |:>
DEFECT CORRECT MODE OoN - =>
TIMING READOUT TIME 033325 |:>
TIMING CYCLIC TRIGGER PERIOD } >
TIMING MIN TRIGGER BLANKING 1e-00!
TIMING MIN TRIGGER INTERVAL 03333 => =>
The size and position of the sub-array can be configured according to the table below.
Horizontal Vertical
Interface . o . o
Size Position Size Position
Camera Link 128 pixels 4 pixels 4 line steps
USB 3.0 128 pixels 4 pixels 4 line steps
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Light Sheet Capture Modes

Light Sheet Modes are accessible from the Capture Mode list in the Trigger Modes, Speed and
Registration panel shown below. The ORCA®-Flash4.0 V3 supports three modes for light sheet
microscopy as described below. Along with each description is a basic set of steps for enabling that
particular light sheet mode in HCImage.

¢ Light Sheet Modes

gTrigger Modes, Speed and Registration E
. Capture Mode
E External Input Trigger Option
: |Internal = @ Pos () Neg 1
External Edge Trigger Delay |0 *lus

External Level Trigger
Synchronous Readout
External Start Trigger
[ 1nternal (Light Sheet)
External (Light Sheet)
'External Start Trigger {Light Sheet)

Internal "Free Running"” Mode

Synchronization is determined by the empirically matching the rate of the sweep of the light sheet

and the camera readout to each other. There is no hardware or software triggering involved.
Light sheet internal mode

Internal exposure timing setting

Moo

’a

Sensor readout I—l—l—!-

Camera Link data output

USB 3.0 data output I IJ-
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How to Setup Light Sheet Internal Mode

Follow the steps below to enable Internal Light Sheet Mode and to have the camera output an

external trigger for every frame.

Trigger Modes, Speed and Registration

Camera Info...

Registration

Speed 2 ]
Capture Mode i
Internal {Light Sheet) &

External Input Trigger Option
@ Pos () Neg 1

Delay 1} “~|us

Show Output Trigger Options

Qutput Trigger ,
1 4 @pPos (Oneg
Kind | PROGRAMABLE o
Active |EDGE v

Programmable Trigger Cption

Y

Delay Q = |us

Period | 1.002 = mg

Source |[READOUTEND W

Pre HSYMC Count | 0 =

;;;;;;;;;

External "Edge" Trigger Mode
An external device triggers the camera at the start of each image frame. The exposure time is set
by HCImage. This provides synchronization between the readout of the camera and the subsequent
sweep of the light sheet. This method provides the most control over the camera and light sheet

Capture Mode
Select Internal Light
¢ Sheet from the list

Timing Qutput
Select connector 1
: from the list

Trigger Qutput
- Select Programmable
Trigger Options

from the list
o Select Readout End
: from the list
et Configure the:
Fulse Delay
Range O pusto 10 s
Pulse Duration

Range 1 usto 10 s

synchronization.

Note: Light Sheet External Trigger Mode is a frame trigger not a line trigger.

Light sheet edge trigger mode

External trigger J—l T_
* TN 1
1
—>\ — !
OH I 1
1 1
1H B ,
. 1 1
. 1 1
1 [
1023H H h
1024H I I
. 1 1
1 1
. . 1
2046H 1 I
2047H 4 y
1 1
1 1
1 1
1 1

J

Camera Link data output

I
|
|}
|
1
USB 3.0 data output II
1

L

Trigger ready output
(Camera Link)

Trigger ready output I I
(USB 3.0)

I
1
]
i

F

* Delay:1H*9 (Delay time is changed by setting of 1H)

-

lJitter :1 H
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Setup Light Sheet External "Edge" Trigger Mode

Follow the steps in Part 1 below in RED, to enable External Light Sheet Mode and to enable the
camera trigger ready output for connector 1. Next, follow the steps in Part 2 (Blue) to have the
camera output an external trigger from connector 2 for every line.

Trigger Modes, S5peed and Registration
Capture Mode

Speed 2 ¥ Camera Info... Select External Light

Registration : Sheet from the list

B
.

Capture Mode H
H External Input Trigger Option

- i ) ) Timing Output
Extemal fighk sheel) ¥l ®Pos ONeg 1 2 Select connector 1
i from the list

-

Delay 0 us

-

........

Trigger Qutput

Show Output Trigger Options
Select Trigger Ready

Output Trigger § -
E : i ) from the list
i - H Programmable Trigger COption
1 w| ®Pos (_)Neg H
Kind |TRIGEERREADY ¥ Delay O - |us
Timing Output
Period 1.0 - |ms Select connector 2 from
Active |EDGE v : the list
Source READOUT END %
Pre HSYNC Count =S Trigger Output
oot Tr Select Programmable
LI rigger
san ) ) from the list
i - Programmable Trigger Option
2 v (®Pos (_JNeg
kKind | PROGRAMABLE [ Delay |0 =|us Trigger Options
Period | 1,002 12| ms Seletit Hsync from the list
) :  Configure the:
Active |EDGE v i
Sou":e HSYNC °o+o++o+o fssnssnnm Pulse Dela! !
RangeOpsto10s
Pre HSYNC Count |0 2 Pulse Duration
Range lpsto 10 s
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External Start Trigger Mode
An external device triggers the camera to begin acquiring images in internal mode. As in “free
running” operation the sweep of the light sheet and the readout of the camera need to have been

previously matched empirically.

Note: Light Sheet External Start Trigger Mode is only available when acquiring a single channel.

Light sheet start trigger mode

External trigger

OH
1H

1023H
1024H

2046H
2047H

Sensor readout

Camera Link data output

USB 3.0 data output

Trigger ready output
(Camera Link)

Trigger ready output
(USB 3.0)

* Delay:1H*9 (Delaytime is changed by settingof 1H)  litter :1 H

Setup Light Sheet External Start Trigger Mode

Follow the steps below to enable External Start Trigger Light Sheet Mode and to enable the camera
trigger ready output for connector 1.

Trigger Modes, Speed and Registration
Capture Mode

Speed 2 v Camera Info... Select External Start
. Trigger Light Sheet

Registration N
from the list

Capture Mode H
i External Input Trigger Option

: : H Timing Output
External Start Trigger (Light She % @ Pos (INeg 1 - salect connector 1
Delay |0 S from the list

-

........

Show Output Trigger Options Trigger Output

! : h Select Trigger Ready
Qutput Trigger H .
E - ) ) from the list
i . — : Programmable Trigger Option
1 ¥ |®Pos | _JNeg :
kind | TRIGGERREADY Delay O - us
Period | 1.0 > ims
Active |EDGE W
Source READOUT END
Pre HSYNC Count =
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Programmable Timing Output

By using the programmable timing output, synchronizing with external devices is simple. A system
which needs simple timing signal does not require a delay unit or pulse generator. It is possible to
program and output a pulse that has an optional pulse width and an optional delay time to the end

of readout timing, Vsync or Hsync. The range of delay is 0 us to 10 s, and the range of pulse width

is 1 ys to 10 s (1 ps steps).

Note: In Light Sheet mode, programmable timing out can output an external trigger every line
(Hsync) and frame (Readout End, Vsync). The camera can be a master to control a stage and

light source.

Qutput Trigger
1 v| (@Pos (INeg
Kind PROGRAMABLE
Active |EDGE

Show Output Trigger Options

Programmable Trigger Option

Delay 0 : P

L

Period | 1.0 =

Source |READOUT END

READOUT END
VSYNC

Pre HSYT HSYNE

: Pulse Delay
i Range O psto10s

i Pulse Width
iRangelusto10s

! Reference Signal
i Determines when the
¢ camera outputs a pulse

The relation between the parameter which can be set with each reference signal, and an output
signal becomes as shown below.

Reference Signal

Output Signal

Readout End

Camera outputs a pulse after certain delay from the end of sensor readout

for each frame.

Vsync

Camera outputs a pulse after certain delay from the beginning of readout

for each frame.

Hsync

Camera outputs a pulse after certain delay from the end of readout for each

line.

Light sheet programmable timing output

External trigger I I

OH
1H

1023H
1024H

2046H

S

2047H

Sensor readout

ReadEnd

' Delay Pulse Width

Vsync

i Delay Pulse Width

www.hcimage.com
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When you choose Hsync for the reference of programmable timing output, the camera can output a
number of pulses before the start of exposure. This is called as Pre-Hsync. The Pre-Hsync range is
0 to 2047.

Light sheet programmable timing output - Hsync

External trigger I I -
. 1
OH +
1H | AN N
. | : Exposure
s 1
1
1023H | '
1024H i !
! |
‘ ; g
2046H ] !
2047H PR !
I !
U Uy ny
1
Hsync t
» Ih-»DeIay
1
A T LT
~ Pulse Width

How to Setup Pre-Hsync Pulses

Follow the steps below to enable External Light Sheet Mode and then to have the camera output a
number of Pre-Hsync pulses prior to the start of exposure, as well as, send an external trigger for
every line.

Trigger Modes, Speed and Registration
Capture Mode
Select External Light

:  Sheet from the list

Speed = ] Camera Info...

Registration

Capture Mode :
: External Input Trigger Option

Timing Output
External (Light Sheet) L]

1 2 Select connector 1
: from the list

(®Pos (_JNeg

Delay i} =

-

us

Show Output Trigger Options

Trigger Output
Select Programmable

O t Tri :
VP ITE g , , from the list
i = = : Programmable Trigger Option
1 v (@ Pos [_JNeg H
Kind | PROGRAMABLE & Delay |0 ~jus Trigger Options
N 002 s Selet-:t Hsync from
Active |EDGE - : the list
Source |HSYNC W Configure the:
Pulse Delay
Pre HSYNC Count | 3 = 2 S CEEe Range O us to 10 s
. Pulse Duration
Advanced Camera Properties Range 1 Ws to 10s
DCAM Properties ~ :
Name Value #. Pre-Hsync Count
TRIGGER GLOBAL ExPOSURE GLOBALRESET  ~| Enter the number of
SEMSO0R COOLER STATUS READY . w pulses
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Advanced Camera Properties

DCAM Properties provide a list of camera parameters reported by DCAM. The camera properties
and reported values are specific to the connected camera and provide access to additional
functionality based on the capture mode. Most of the camera properties in the list display values
that cannot be changed and appear grayed out. In light sheet mode, readout direction and internal
timing controls are available for synchronizing with external equipment. The camera readout
direction can be set to forward or backward as was described at the beginning of this section, see
"Readout Direction" on page 37.

Advanced Camera Properties
DCAM Properties - . Internal Timing Settings
Name Value : For synchronizing the
INTERMAL FRAME RATE 431654 :' { image acquisition with the
IMTERMAL FRAME INTERVAL 00231721 = .. movement of the light
INTERMAL LINE SPEED 0.667052 = '
INTERMAL LINE INTERWAL 9.74436e-006 = -.

Internal Timing Settings

The internal timing settings are needed for synchronizing the image acquisition with the sweeping
movement of the light.

Internal Frame Rate - The number of frames per second that the camera acquires.

Internal Frame Interval - Is the period of time between the start of two frames. The internal
frame interval is reported in seconds and can range from (0.998 ms) 1 ms to 10 s. This period can
be adjusted to allow for the light sheet to return to the starting position.

=== Exposure Be==8 Readout

Internal Line Interval - Is the readout slope, i.e., the period of time between the readout of two
lines. The internal line interval is reported in seconds and can range from 9.7 ps to 100 ms.

Note: The time to readout a single line 1H = 9.7 ps in a standard scan. The exposure time should
be set to a minimum of the number of sensor lines that the light beam covers, times the internal
line interval.

S — De——— ——
e——— e P——
e——— De——— S——e—
e [ |
L ] e ————— | |
-  mm o e _
pe===m Exposure m==ma Readout Time
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Internal Line Speed - Is the vertical speed from top to bottom or bottom to top of the sensor
readout. The internal line speed is reported in meters per second and can range from 0.0065 to
0.667 meters per second.

Note: Internal Line Speed = Pixel Size + Internal Line Interval. So for the ORCA®-Flash4.0 V3,
this would be 6.5 ym + 9.7 us = 6.5 x 107® = 9.7 x 10~% = 0.67 meters per second.
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W-VIEW

For use with the W-VIEW Gemini image splitting optics for simultaneous dual wavelength image
acquisition. The W-VIEW mode allows for independent exposure time settings, independent readout
directions and separate position offset for subarray. W-VIEW capture modes include: Mono 1
Channel, RGB Color 2-Band and Mono 2 Channel.

W-VIEW Readout Direction

With W-VIEW mode, the readout direction in the upper and lower half of the sensor can be setup

separately.
i Top: Forward i Top: Backward
i Bottom: Forward : Bottom: Backward

=) [
=) —
=

—
=) =)
= =)
=) =)
=) =)
I:'> =>
i Top: Forward i Top: Backward
i Bottom: Backward i Bottom: Forward

=
=
=
=)
=
=
=

=
=
—
=
—
=
=)
=

Set Readout Direction

The readout direction for View 1 (top half) and for View 2 (bottom half) can be set to Forward or
Backward under DCAM Properties in the Advanced Camera Properties panel.

s

Advanced Camera Properties ! Readout Direction

i Set the readout direction for

DCAM Properti - :

Name = Yalue View 1 (top) and View 2 (bottom)

READOUT DIRECTIOM YIEW FORMWARD - i to be Forward (top to bottom) or
wdeeensaeennensboet Backward (bottom to top)

READOUT DIRECTION YIEWwW?2 FORWARD

FORWARD
BACKWARD
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W-VIEW Capture Modes

HCImage Live will automatically detect the ORCA®-Flash4.0 V3 as two cameras, a hormal camera
and as a camera in W-VIEW mode. Select C13440-20CU S/N: ## for normal mode or C13440-20CU
S/N:## W-VIEW for W-VIEW mode from the Capture Device list. W-VIEW capture modes include:
Mono 1 Channel, RGB Color 2-Band and Mono 2 Channel. The capture modes are explained below.

Mono 1 Channel

In the single channel monochrome mode, the user can select which image to display, only one
image will be displayed at a time. Click on the 1 or 2 button to select which image will be displayed.

Mono: 1Channel C13440-20CU 5/M; 200005 W-VIEW w

Live Capturel AutoSave | ...

Open Capturel

=M Camera Control -

Cooling

Temp: | -10.00 °C
Gain é Exposure

Default 0 2/ w0 = ms
Default [t} Z 200 =

Auto Expose | ...

RGB Color 2-Band
The RGB Color 2-Band mode displays a merged red-green image from image 1 and 2.

RGE Color: 2-8and C€13440-20CU 5/N: 900005 W-VIEW ~

Live Capturel AutoSave | ...

Open Capturel

=X Camera Control -
Cooling
Auto E
Temp: | -10.00 °C L Eiries
Gain é Exposure

N | Defsult v 0 =100 =lns
2| W Default 0 S |20 S ms

Mono 2 Channel

In the two channel monochrome mode, both images 1 and 2 are displayed (i.e., the whole camera
sensor is displayed).

Mona: 2 Channel C13440-20CU S/M: 900005 W-VIEW w

Live Capturel AutoSave | ...
Open Capture1

=¥ Camera Control -

Cooling

Temp: | -10.00 °C

Auto Expose | ...

Gain é Exposure

Default 0 =[wo Ehe
2 Default 0 Z|20.0 =
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Image Alignment

The Camera Registration feature allows the users while Live to flip and rotate the image. Click on
the Registration button in the Trigger Modes, Speed and Registration pane to open the Camera
Registration dialog.

Camera Registration *
- Flip, Rotate C I
Trigger Modes, Speed and Registration BpHEEEE R L
Speed 2 - Camera Info... Camera Flip
Registration — @ CHF 1 Horizontal Vertical
Capture Mode (OcHP 2 % B
External Input Trigger Option
o= - Pos Neg 1 =
Rotation
Delay 1] 2 lus
Clockwise Angle =
M Rotation Q Degrees: o =
D aster o
Pulse
[ show Output Trigger Options S
- el |2
Cancel

Dual Light Sheet Readout Mode

In Dual Light Sheet Readout Mode, the exposure and readout for both halves (top/bottom) is done
simultaneously.

Basic Settings for Internal Light Sheet Mode

Select W-VIEW Camera

Mono: 2 Channel — ~ C13440-20CU 5/N: 930011 W-VIEW 2 - Select C13440-20CU W-VIEW
Live Capturel AutoSave
Open Capturel
=H Camera Control M

Binning and SubArray
Data Reduction

Trigger Modes, Speed and Registration

Speed 2 LY Camera Info...
EEgetilion Define Capture Mode
s S Select Internal (Light Sheet)
External Input Trigger Option
Internal (Light Sheet) & =

Pos Meg 1

-

Line Interval | 9.7444 = o Delay 0 > lus

Define Light Sheet Parameter

[ Master Adjust the readout slope

Pulse 213

[] shaw Qutput Trigger Options

Advanced Camera Properties i A
Set Readout Direction

DCAM Properties o Set the readout direction for View
Name Value ¢ 1(top) and View 2 (bottom) to be
READOUT DIRECTION WIEWA FORWw&RD | [ H Forward (top to bottom) or
READOUT DIRECTION VIEW?2 FORWARD - Backward (bottom to top)
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