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Feature Overview

Micro-Manager is a free, open-source microscope control software plugin based inside Imaged.

e Microscopes supported from every major brand

e Stages, Piezos, Filter Wheels, Shutters, and more specialist hardware also supported

e Avast library of Imaged and Micro-Manager image analysis and acquisition plugins developed
and maintained by a strong and diverse community of imaging users

e Built-in macro support and ability to write custom plugins

e Teledyne Photometrics Micro-Manager camera drivers are developed in-house so are always up
to date with camera features well supported

Easy access to hardware
controls & custom shortcuts
Groups & Presets, Page 17

Imaged Analysis tools and
plugins available easily
Imaged Functions, Page 37
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Easy Camera & Light

Source Controls

Histogram & Image

Scaling Controls (LUTSs)
Image Handling, Page 33

Live Preview, before and
during acquisition
Image Handling, Page 29
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[] Time Points Acquisition Order P Save & Load
Count: 3,600 -5 Time, Pasition, Slice, Channel « Experimeﬂtal
Interval: | 1 min {TIPAZACA) (TIPAZACZ) ... (TIPAZ2CA) TIP122C2) ... Acquire!

Advanced..

(TIP2Z1C1) (T1P2Z1CT) ... (T2P1Z1CT) (T2P1ZIC2) ... Stop

Configurations

Streaming Acquisition
and Timelapse
Movies & Timelapse,
Page 31

["] Autofocus
Multiple Positions (XY)

[=] Edit Pasition List...

Z-Stacks (Slices) Summary
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StartZ:  [-40 pm Set L
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[[] Keep shutter cpen

Piezo Stages e Channel, Page 31
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..with many additional features regularly added!
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How to Get Started

Welcome to this guide on how to use Micro-Manager software with Teledyne Photometrics cameras!
Below are our suggested steps for how to begin using Micro-Manager to make the most of your camera.

1. Install your camera onto the microscope and connect it, and any other
hardware, to the computer.

2. Download and install PVCAM Drivers (see Page 6)
3. Download and install Micro-Manager (see Page 7)

4. Download or create a Hardware Configuration File to tell
Micro-Manager what hardware you'll be using (see Page 9)

5. Go 'Live’ and start imaging!

4 Image - X s
File Edit Image Process Analyze Plugins Window Help
Hola|ol]w/~falalols] | || ] | | |=

and (tracing) tool

S ) OxOpm 3200x3200px 16-bit 15MB,

Inspect: |Frontmost Window | [ Terront

! >
|2 Histograms and Intensty Scaing % ‘ ~

Cyan (2)

Fulkscale
Auto Once

=]

Green (3)

Fulscale
Au Once

Violet (1)

Fulscale

Auts Onez.
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Installation

Download and Install PVCAM Drivers
The first step to installing your Teledyne Photometrics camera is to download the latest PVCAM drivers
from our website. Here is a link:

1. Visit: https://www.photometrics.com/support/software-and-drivers

Or alternatively, visit www.photometrics.com and click ‘Support’, then ‘Software Downloads and
Drivers'.

@ Advanced Imaging CameraTech: X =+

<« C @ photometrics.com

”~‘ TELEDYNE PHOTOMETRICS

Everywhereyoulook™

Part of the Teledyne Imaging Group

Home Products ~  Applications v  learn~  Support v  Company v  Contact

Support

Contact Support

Software Downloads and Drivers
Third Party Software
' Recommended PC Specifications

2. Specify which camera you are using and which operating system. The website will then
recommend the appropriate driver version. Click the 'Recommended Driver’ link.

Camera Software and Drivers

Select your Camera and Operating System to access the appropriate driver.
Select Camera:

Prime 958

Operating System:

Win 10 (32BIT)
Camera: Prime 95B
Operating System: Win 10 (32BIT)

Recommended Driver: PVCAM 3.9.04
Download PYCAM 38.04
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3. You will be invited to fill out a form to immediately receive a link via email to download our driver
set in a .zip file. Download and extract this, and run the .exe file contained inside:

[PV Cam_3.9.0.4-PMOI_Release_Setu p.exe

4. Run the installer.

Note: If your camera has a USB or PCle interface and HSMCM,,,,R,,.S . i
does not run on the older Firewire interface, but you do R w
have other firewire hardware such as older microscopes e

or devices, uncheck the two drivers containing '1394", as ‘E‘]"::z“:;m -
these may conflict with other firewire devices. If you have e erares

no firewire devices, you do not need to change anything.

£ E Orver

sb\Wdf Driver

UsbWdf2 Driver

. [ Usbwdf3 Driver d

5. Connect your camera power and data cables as directed
in the camera manual.

Current selection requires atleast 2.3 MB of disk space.

Download and Install Micro-Manager

Micro-Manager has an enormous array of versions available. However, at any one time there is likely only
one recommended version, that being the latest nightly build of Micro-Manager 2.0.1 (the current version
at the time of writing).

For some hardware and plugins other versions may be required; please see the support pages for your
hardware.

To download Micro-Manager:
1. Open the Micro-Manager website at https://micro-manager.org/, or skip to Step 4 by following
the link below:

https://download.micro-manager.org/nightly/2.0/Windows/

- u] X
4 Micro-Manager X  +
& C' @ micro-manager.org B Guest
pManager

THE OPEN SOURCE MICROSCOPY SOFTWARE

)OWNLOADS | DOCUMENTATION - DEVICES - FROGRAMMING - SUPFORT - EVENTS - CREDITS - LOG IN

welcome to
micro-manager!

hz Micro-Manager Open Source Microscopy Software

2. Click '‘Downloads’ (https://micro-manager.org/Download_Micro-Manager_Latest_Release)

RevA4  ©2023 Photometrics. All rights reserved. "~‘ T E L E DY N E 7
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3. Scroll down to and click the link for Micro-Manager 2.0.0 (Windows 64-bit). The software will
start to download. This version is the latest stable version of Micro-Manger as of July 2021.

Micro-Manager 2.0.0 (July 13, 2021)

b Windows 64-bit, 143 MB |
Windows 32-bit, 143 MB
Requires Windows 7-10. Windows 10 recommended. Device drivers may have other requirements.

*  Mac OS X (Universal Binary), 111 MB
Requires Mac OS X 10.5 or greater. Device drivers may have other requirements.

4. Alternatively, if you wish to use the latest nightly build, access the menu to the right of the page
and select ‘Nightly Builds’, then select 'Version 2.0 (Windows)'. The topmost link will be the
latest released version for 64-bit computers. Click this to download, and run the installer.

4 uManager

Documentation

Mews
Downloads v

Nightly Builds

Old Releases

Installation Notes

Source Code
Learn '
Extend v
Devices v
Support
Credits

As of 2022-82-26, nightly builds are generally skipped when no changes have besn made to the source code since the previous nightly build.

MMSetup_&4bit_2.6.1 20238128.exe (166.2 MiB) 2823-81-21T86:28:465.8937
MMSetup_&4bit 2.08.1 2023@118.exe (160.2 MiB) 2823-@1-19T86:21:57.8387
MMSetup_&4bit_2.6.1 20238117.exe (166.2 MiB) 2823-81-18T86:21:24.8752
MMSetup_&4bit 2.08.1 2023@116.exe (160.2 MiB) 2823-@1-17T96:28:00.5667
MMSetup_&4bit_2.6.1 20238118.exe (166.2 MiB) 2823-81-11T86:22:86.839Z
MMSetup_&4bit 2.08.1 2023@0186.exe (160.2 MiB) 2823-@1-87T86:28:085.1927
MMSetup_&4bit_2.6.1 20238183.exe (166.2 MiB) 2823-81-84T86:21:48.1727
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Creating A Hardware Configuration File

Micro-Manager can be configured to control a very wide array of microscopy and other imaging hardware.
When you first open Micro-Manger you will need to create a ‘Hardware Configuration File’ where you tell
Micro-Manager what imaging hardware you are using (camera, microscope, motorized stages, light
sources, etc.) so you can control it all through Micro-Manager.

Hardware Configuration Files are created and edited via the Hardware Configuration Wizard. On your
first time opening Micro-Manager you'll need to create the config file, but every subsequent time you use
the software this file will be pre-loaded and ready to go. You can also modify existing files, such as adding
a new piece of hardware.

Creating a new Hardware Configuration File
1. Make sure your camera and any additional imaging hardware is powered on, turned on, and
successfully connected to the computer.
2. Open Micro-Manager, and when prompted for a Hardware Configuration File, select ‘(none)".

o, R /;l
Micro-Manager Startup Configuration
io Version 2.0.0-g 1
User Profile:
Default User - {;r

Hardware Configuration File:

{none) iv o

This software is distributed free of charge in the hope that it will be useful, but
WITHOUT ANY WARRANTY, without even the implied wamranty of
merchantability or fitness for a particular purpose. In no event shall the
copyright owner or contributors be lisble for any direct, indirect, incidental,
special, . or i

Copyright University of California San Francisco, 2005-2020. All rights
reserved.

Micro-Manager was funded by grants from the Sandler Foundation and NIH,
and is now supported by the CZI.

If you have found this software useful. please cite Micro-Manager in your

publications.
Ok Cancel

3. When the Micro-Manager window opens, go to ‘Devices’, choose 'Hardware Configuration
Wizard'.

d Micro-Manager 2.0.0-gamma1 20200720 - [m] x
File Tools Devices Plugins Window Help

Prafile: Defal Device Property Browser... Config File: (nane)
& = onfiguration settings Save
& Hardware Configuration Wizard... Eroup Preset

Py Load Hardware Configuration...
Reload Hardware Configuration
B i
i >
Sn Switch Hardware Configuration
Save Hardware Configuration As...
| B

ROl Pixel Size Calibration...

-4 lIE30pe PEFTE BT cow:| + - Edit Preset + - Edit

Image info (from camers): 0 X0 X 0 bytes, Intensity range: 0 bits, 0 nmipx
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4. Select ‘Create new configuration'.

%)| Hardware Configuration Wizard Es
g

Step 10f 6: Select the configuration fle

This wizard will walk you through selting up pManager to control the hardware in your system.
(®) Create new configuration

(O Modify or explore existing configuration

Browse...

5. On the following page you can add or remove imaging hardware. In order to control the camera,
light source etc., they will need to be added to this list for Micro-Manager to recognize.

a. Under ‘Available Devices' is an alphabetical list of imaging hardware vendors. Find your
device folders and select ‘Add’, where you will be prompted to name the device, at which
point it will be added to Micro-Manager.

b. Most devices have an online help and installation guide, which can be found through
selecting the device and clicking 'Help'.

c. Teledyne Photometrics cameras are listed under the driver set ' PVCAM'. There are up to
four camera slots that you can use. If you have only one camera connected, this will
always be ‘Camera-1".

£ Hardware Configuration Wizard X
9

Step 2 of 6: Add or remove devices

Select devices from the "Available Devices" list to include in this configuration.
Installed Devices:

Name. AdapterModule Description Status Edit

(Core [MMcore/Defauit [Core controller |Defauit Perriee e

Remove

Available Devices: |List by Module

Hep

<Back Next >

6. Once you have added all your necessary imaging hardware, advance the wizard. Some hardware
may have further configuration steps; for PVCAM Cameras, no further steps are necessary!

7. The final step will invite you to name and save your Hardware Configuration File. This will be
saved by default to the Micro-Manager installation folder within C:\Program Files, and will be
pre-selected every time you use Micro-Manager. You can make a number of different config files
for different imaging setups, just make sure you know where they are saved.

RevA4  ©2023 Photometrics. All rights reserved. "~‘ T E L E DY N E 10
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Installing other microscope hardware

Light Sources

Micro-Manager can control light sources from many manufacturers. Some example installation guides
are linked below:

CoolLED pE300, pE340 and pE4000 Light Sources
Please see the guide linked below for instructions on driver installation. This also discusses the creation
of shortcuts to necessary settings (‘Groups’) and the use of the light source for multi-channel acquisition.

https://www.coolled.com/technical-resources/videos/micro-manager-for-pe-300-series-and-pe-
340fura/#pe-400016122586602461612263176353

Lumencor SPECTRA, SPECTRA X, AURA and CELESTA Light Engines
Instructions to connect these light sources can be found here:

https://micro-manager.org/wiki/LumencorSpectra

Other Hardware

For a list of supported hardware in Micro-Manager, complete with installation guides for devices, please
see the following web page:

https://micro-manager.org/wiki/Device%20Support

For some hardware, additional files and drivers may be needed from the device manufacturer. Please see
the website for your device manufacturer or contact their support teams.

Which Hardware Is On Which Port?

Please note, whenever adding any hardware to Micro-Manager using USB interfaces, you will need to
check which COM port each device is assigned to in order for them to function as intended. To find out
which device is connected to which COM port please refer to the ‘Device Manager’ in Windows:

1. In Windows, right click the start button and select ‘Device Manager’
Look at ‘Ports (COM & LPT)' in the Device Manager to see your connected hardware (if connecting
them via USB)

3. In order to determine which device is on which port you may need to unplug the device and then
go to ‘Action’ and ‘Scan for hardware changes’ to see which device is no longer present.

4. Once you know which device is on which COM port, select this port when adding the device to
Micro-Manager

Rev A4  ©2023 Photometrics. All rights reserved. "~‘ T E L E DY N E 1
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Adding a Manual Objective Turret

Micro-Manager supports automated objective turrets for many microscopes. However, for manual
microscopes, a manually changed objective or magnification indicator can be added in, which can be used
to record which objective was used, and provide automatically updating pixel scaling information.

Adding a Manual objective magnification indicator
1. Inthe Available Devices list on the Hardware Configuration Wizard, locate the ‘DemoCamera’

folder and add ‘DHub’.
\ |

Available Devices: List by Module

CoherentOBIS "~ Add...

CoherentSdentificRemote

Conix Help

Corvus

CsUW1

CSUx

DECamera

= DemoCamera

e
Diskovery
ESIOImagingControllers
FakeCamera
ELIramer.

< Back Next >

2. A Peripheral Devices Setup window will then appear — within this, select ‘DObjective’. This will
add a dummy/demo objective to the device configuration. The same can be done for the other
components in the peripheral list.

Peripheral Devices Setup X

HUB (parent device):  DHub

Name Adapter Library Description Selected

DCam |pcam/DemoCamera [Demo camera | O | &
DWheel |pWheel/DemoCamera|Demo fitter wheel | [} |
DStateDevice DStateDevice/Dem. .. |Demo State Device [}

C... Demo objective turret

DXYStage DXYStage/DemoCa... [Dema XY stage L]

DLightPath IDLightPath/DemoC. .. [Demo light path ]
DAutoFocus DAutoFocus/Demo... |Demo auto focus ]
DShutter DShutter/DemoCa... |Demo shutter ]
D-DA D-DA/DemoCamera _[Dema DA [
D-DAZ D-DA2/DemoCamera_|Demo DA-2
IDOptovar [DOptovar/DemoCa. .. [Demo Optovar OJ
DGalvo IDGalvo/DemoCamera |Demo Galvo
[TransposeProcessor _|TransposeProcesso. .. [TransposeProcessor v

G

3. Advance to Step 5 of 6, where you can set the label for each of your objectives according to their
magnification, NA etc.

| %) Hardware Configuration Wizard x

Step 5 of 6: Define position labels for state devices

Some devices, such as filter wheels and objective turrets, have discrete positions that can have names
assigned to them. For example, position 1 of a filter wheel could be the DAPI channel, position 2 the FITC
channel, etc. Assign names to positions here.

State devices State Label Read
4x0.10
10x0.3
20% 0.5
40% 0.95
50x 1.40
100x 1.40

Reset

EIFST ]

4. Finish the wizard and add a group for ‘Objective’ as described in Groups and Presets on Page 17.
5. You can now set up Pixel Scaling Information following the instructions on Page 21.

RevA4  ©2023 Photometrics. All rights reserved. "~‘ T E L E DY N E 12
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Running two or more PVCAM Cameras Simultaneously

Micro-Manager is capable of running up to 4 PVCAM cameras simultaneously. The only requirement is that
the cameras have the same sensor size or region of interest applied, and the same bit depth of resulting

images.

The below guide is for the specific case where the cameras will be run simultaneously; if you want to install
and access multiple cameras without simultaneous use, follow only steps 1, 2 and 6.

How to set up multiple cameras in Micro-Manager
1. Creating a new configuration file or editing an existing one, and add in each of the Camera-1,
Camera-2 etc. PVCAM camera slots that you are using and name them appropriately.

[£] Hardware Configuration Wizard

Step 2 of 6: Add or remove devices

Installed Devices:

Select devices from the "Available Devices" list to include in this configuration.

MName

Adapter/Module

Core |MMCore fDefauit

Description

Status

|core contraller [pefautt

Edit...

Peripherals...

Remove

Device name: |PrimeBSI-1|

Initialization Properties

|£| Device: Camera-1; Library: PYCAM

Device

Available Dg

Property

Value

Piezq
Piezq | Help
Poly

Cancel

™

PrecsExdte
Prior
PriorLegacy
PVCAM

QCam
2.amp

[Camera-1: Universal PYCAM interface - camera slot 1
+- @ Camera-2: Universal PYCAM interface - camera slot 2
+- @ Camera-3: Universal PYCAM interface - camera slot 3
L. # Camera-%: Universal PYCAM interface - camera slot 4

<Back Next >

2. These should all appear in the Installed Devices list with a status of ‘OK’

Installed Devices:

Name Adapter/Module Description Status
(Core MMCare/Default |Core contraller Default
PrimeBSI-1 [Camera-1/PVCAM Universal PVCAM in... |OK
PrimeBSI-2 [Camera-2/PVCAM Universal PVCAM in... |OK

RevA4  ©2023 Photometrics. All rights reserved.
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3. Now we add in a special ‘Multi Camera’ Utility to treat multiple cameras as one multichannel
camera device for simultaneous acquisition. Go to the ‘Utilities’ folder and add ‘Multi Camera’.

Available Devices: Listby Module -

UserDefinedSerial A Add...
Utilities
Multi Shutter: Combine multiple physical shutters into a single logical shuth Help
Multi Camera: Combine multiple physical cameras into a single logical came)
Multi Stage: Combine multiple physical 1D stages into a single logical 1D st
Combao XY Stage: Combine two single-axis stages into an XY stage

Single Axis Stage: Use single axis of XY stage as a logical 1D stage

DA Shutter: DA used as a shutter

DA Monochromator: DA used to control a monochromator

DA Z Stage: DA-controlled Z-stage

DA XY Stage: DA-controlled XY-stage

i MATTI Ctabo Nouico: Couars | NAc 20 2 TT cbabe douirs

< Back Mext =

4. Now finish off your Hardware Configuration File.

5. Once your file is completed and loaded, you may see a ‘Circular buffer can't be started’ error,
ignore this, as we need to inform the Multi Camera utility which devices to use. Go to ‘Devices’,
open 'Device Property Browser’ and find ‘Multi Camera-Physical Camera 1'. Choose the
appropriate camera for each of these labelled 1 through 4.

& Micro-Manager 2.0.0-gamma1 20200526 - O X
File Tools Devices Plugins Window Help
Profile: Defa Device Pmperly Browser. File: C:wM Cenfigs\Two Camera Configs\2x Prime BS| + SpX.cfg
& = wnfiguration settings Save
=] Hardware Configuration Wizard... Eroup Preset
TPy Lead Hardware Configuration... Camera FrimeBSI-2
B v Reload Hardware Configuration Channel [Cyan
i i } ) tensity - Cyan ] < >
2, rd Switch Hardware Configuration Wensity - Green 5 = S
. Save Hardware Configuration As... tensity - Violet 0 < >
Clof
ROI Pixel Size Calibration...
N |[BET rrET e
Group: | + = Edit | Preset:| =+ = Edit
Image info (from camera): 2048 X 2048 X 2 bytes, Intensity range: 12 bits, 0 nm/px

Rev A4
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Device or property name: PrimeB5I-2-X-dimension [Z705E
Clear | PrimeBSI-2-¥-dimension 2,048
Multi Camera-Binning 1
Property type: Multi Camera-Description ICombines multiple cameras into & Sife..
S Mulh: Camera-Namé ﬂL..IH:i Gamera
Multi Camera-Physical Camera 1 PrimeBsI-1
= Multi Camera-Physical Camera 2 PrimeBsI-2
= Refresh Multi Camera-Physical Camera 3 Undefined
Multi Camera-Physical Camera 4 Undefined
Multi Camera-TransposeCorrection 1]
Multi Camera-TransposeMirrorX 1]
Multi Camera-TransposeMirrory 1]
Multi Camera-TransposeXY (1]
Core-AutoFocus
Core-AutoShutter 1
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I‘i\TE LE DYN E How to use Micro-Manager

6. Now create a Group for Core-Camera as described in ‘Groups and Presets’ on Page 17.

R, -
Core-AutoFocus
Core-AutoShutter
Core-Camera
Core-ChannelGroup
Core-Focus
Core-Galvo

1

Multi Camera

[OEEIEEI

7. Select 'Multi Camera’ in your Camera group to view simultaneous output.

Configuration settings Save
Group Preset
#Camera Multi Camera o

#Channel

8. Hit 'Live’ to image in multiple colors simultaneously. You may need to set up your image display
settings to view a composite image. In the Inspect window under 'Histograms and Intensity
Scaling’, choose ‘Color Mode: Composite’.

9. Choose the appropriate color for each channel by clicking the rectangle next to the eye symbol
for each histogram, shown below in green and red. The eye symbol will toggle that channel's
visibility.

:: $\ a OxOpm 2048x2048px  16-bit BB

i

Inspect: | Frontmost Window >

|— Histograms and Intensity Scaling *
Color Mode: | [ Composite =
[ Autostretch (Ignore 0.0515 %)

- 1937

Dual-PrimeBSI-1

REED 91 4095

MAX 2650 AVE 13
oA |Camers Depth MIN 63 STD 1932 ]

2040

Dual-PrimeBsI-2

Aut Once

Follscsie 102 4095

MAX 2890 AVG 297

At Once
A |Camers Depth MIN 94 STD 2732 ]

[+ Dataset Summary Metadata
[+ Image Plane Metadata

[# Overlays

[# comments

Dual-PrimeBSI-2 Playback: 10.0 fps

b ¥ 2] < > D™
~ [ £
@l srap & L 81 = Album ™ &
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Using a Single-Camera Splitter for Simultaneous Multichannel

Micro-Manager also supports using single camera splitters, where separate wavelengths are directed onto
separate portions of a single camera sensor. Any combination of horizontal and vertical splits is possible,
splitting each dimension 2, 3 or 4 ways. Commonly a 2-way or 3-way vertical split, or a combined 2-way
vertical and 2-way horizontal split is used.

For advice on how to align splitting devices, please see manufacturers’ instructions or our guide:

https://www.photometrics.com/products/imaging-splitters/now-to-align-a-splitter

Setting up single-camera splitters

1. Align your splitter according to manufacturer’s instructions. In the case of a 2-way or 3-way
single direction split, for rolling shutter cameras it is most advantageous to align the channels
vertically as shown below (left).

2. In Micro-Manager, open ‘Plugins = On-The-Fly Image Processing - Split View' to add one
direction of split, specifying how many times the view is split in this dimension, as shown below
(center, top).

3. To add further splits in the opposing direction, in the ‘On-The-Fly Processor Pipeline’ Window,
click ‘Add’ and select ‘Split View'.

4. Hit Live’ to image in multiple colors simultaneously. You may need to set up your image display
settings to view a composite image. In the Inspect window under ‘Histograms and Intensity
Scaling’, choose ‘Color Mode: Composite”.

5. Choose the appropriate color for each channel by clicking the rectangle next to the eye symbol
for each histogram, shown below in green and red. The eye symbol will toggle that channel’s
visibility.

W :
EN ay 221.8667221.8667um 2048x2048px 16-bit BVB s £ a 110.9333¢221.8567um 1024x2048px 16-bit 4M|

(®) Left-Right Split () Top-Bottom Split

Mumber of Splits: [Two

Note: if the image size does not evenly divide
the number of splits, then some rows or columns
from the source image will be discarded.

Camera

Enabled Snap/Live Processor Settings + Add...

| ‘Spht View [Configure. = Remove

I MoveUp

1 Move Down

Enabled processors in

the pipeline are

applied in order to

images acquired by

the camera.

202, 334 = 105 1 Green Playback: 100.0 fps
® Snap & Live @1+ Album Camera: 33 fps ™ 73 Dataset P 3 3 U2« > GO

HEW IMAGE ™ Lk
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How to use Micro-Manager

Hardware Setup

Groups and Presets: Shortcuts to key settings

In Micro-Manager, we can make shortcuts to any hardware controls that will be frequently used. These are
called ‘Groups’ and drastically increase your imaging efficiency, as everything you need to control about
your imaging setup can be accessed all in one place. Each Group can control a single setting (such as
camera gain) or multiple (which filter wheel is in the light path).

B Micro-Manager 2.0.0-gamma 20200526 — O *

File Tools Devices Plugins Window Help

Profile: Default User Config File: C:\uM Configs\DEMO\DemoConfig.cfg

Snap

Imaging settings

Configuration settings

Save

Multi-setting
groups allow

@ Stop Live Exposure [ms] |28 Group Preset J .
&1 = album Changroup| Channel w Chf‘““?' [Cyan (2) SeleCtlon a mong
[} muiAce | Bimine o [oolestee mE -I created presets
“\.?9 o — Shutter LightEngi... -~ Spectra 1-Violet 2 I >
Auto Q Close Spectra 3-Cyan 20 < > J . .
Moo= | | ) SpectrasGreen |0 | < > Single setting
ROI Stage Autofocus H
; ; i roups directly
WEE (e a2 e ¢
- show hardware
Group: | + - Edit | Preset:| + - Edit Settl ngs

Image info {from camera): 3200 X 3200 X 2 . Intensity range: 12 bits, 1825 nmipx, Z=0.00 pm

Take note that the Micro-Manager window already has some basic imaging settings, namely exposure
time (in milliseconds), binning, light source shutter, and establishing a region of interest (ROI).

Single Setting Groups

Single setting groups will provide direct access to a hardware control, such as a camera readout mode,
light source intensity, or microscope objective turret position. Most groups you make will likely be single
setting groups.

Creating a Single Setting Group

1. Click the plus button next to ‘Group’ in order to add a new group. If you want to remove or edit a
group, use the minus and edit buttons respectively (but not the buttons to the right in the Preset

section)
DT A AT T I u ™ .
Autofocus
n -
i - Edit Preset:| + - Edit
rtes, Intensity range: 12 bits, 1825 nmdpx, Z=0.00 pm

RevA4  ©2023 Photometrics. All rights reserved.
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I‘~\TELEDYN E How to use Micro-Manager

2. The Group Editor menu will appear, showing a list of every setting for all available hardware, listing
each piece of hardware in alphabetical order (depending on how you named the hardware when
using the Hardware Configuration Wizard).

|| Group Editor X
Specify properties in this configuration group: oK
Group name: | Cancel
CEREREE Froperty Name UseinG... CurrentProperty Value
Al None inetix-AcquisitionMethod 0 allbacks -
camerss inetix-ActualInterval-ms ]
shutters inetix-Binning ] L1
inetix-CCOTemperature |55
sleges inetix-CCOTemperatureSet?... | [ ] 5
whesls, tumets, etc.  Kinefiy Chiphame [TPnetin
other devices inetix-CircularBufferAutosize  [[] N
inetix-CircularBufferEnabled  [[] N
Device or property name: [inetix-CireularBufferFrameCo...
Glear | Kinetix-CircularBufferFrameRe...[ [] FF
inetix-ClearCydes 1 2
Property type: inetix-ClearMode 1 luto
e inetix-Color B
inetix-Description BVGAM APT device adapter
inetix-ExposeOutiode O First Row
inetix-Exposure [} 10
inetix-FTCapable o,
inetix-FanSpeedSetpoint O High
inetix-FrmwareVersion EoE
inetix-FullwelCapacty 25,000
inetix-Gain O 1-Gain1
netix-Name PAPCIEGAmOD,
inetix-Offset O 100
inetix-PMods [} Normal
inetix-PP 0 DESPECKLE BRIG... DESPECRIEBRIGHT IO,
netix-PP 1 ENABLED O s
inetix-PP 1 THRESHOLD 1 120
netix-PP 1 DESPECKLE BRIG... DESPECKIEBRIGHT TALar,
netix-PP 2 ENABLED ] s
netix-PP 2 MIN ADU AFFE... [ | 200 v

3. Find the setting that you want and check the box next to it. Be sure to only select one setting at
a time.

4. Give the group a name that makes sense to you (‘Fan speed’ for a group that controls camera
fan speed, for example), and click OK.

r *
Specify properties in this configuration group: OK
Group name: Fan Speed Cancel
Property Name Usein G... Current Property Value
| Kinetix-Color OFF A
Kinetix-Description PVEAM API device adapter
Kinetix-ExposeQutMode ] First Row
Kinetix-Exposure [ 10
Kinetix-FTCapable o
5 8l Kinetix-FanSpeedSetpoint High
Kinetix-FirmwareVersion [B.g
Kinetix-FulwellCapacity {5,000
rname: Kinetix-Gain [l 1-Gaini
Clear | fanetix-Name PMPEIECamO0
Kinetix-Offset ] 100

5. You will now have a group that allows you to directly change that hardware setting.
Caonfig File: C:\uM Configs\Kinetix + Spectral.cfg

Configuration settings Save
Group Preset
. | [Channel [Cyan (2)
Fan Speed High o
' Readout Rate High
-~ | |Spectra 1-Violet
en Spectra 3-Cyan Medium
Spectra 5-Green Off{Liquid Cooled)
cus

6. Add a Group for every setting you want to be able to change when imaging.

RevA4  ©2023 Photometrics. All rights reserved. "~‘ T E L E DY N E 18
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Multi-Setting Groups (Example: Channels Group)

Sometimes changing a hardware state in the system requires multiple individual components to be
changed. For example, to change the illumination channels on your light source you'll need to select
multiple settings such as the 'Violet’ and ‘Cyan’ channels in order to switch between them, and not have
both active at the same time. This is where multiple-setting groups come in.

In Micro-Manager, we can create groups that control multiple settings, and then create presets that
specify the value of each setting. In the case of the Channel group, we would create one preset per
wavelength channel — Brightfield can also be included if your microscope has computer-controllable
brightfield lamp and shutters.

Creating a multi-setting group
1. Click the plus button next to ‘Group’ in order to add a new group.
2. ldentify the settings you want to change in the Group Editor menu, and then select every box
next to all the hardware settings that need to change. In this case, each different wavelength
channel you want to use from your light source.

|£| Group Editor X
Specify properties in this configuration group: oK
Group name: Channel Cancel
Device type: Property Name UseinG... CurrentProperty Value
All None —
inetix-TransposeMirrar A
cameras inetix-TransposeMirrorY
shutters inetix-TransposeXY
s inetix-Trigger Tmeout (secs) | [] 10
inetix-Trigger-Expose Out-Mux L
wheels tunets. ete. L TriggerMode nternal Trigger
other devices inetixX-dimension Er200
inetix-Y-dimension B-200
Device or property name: BLUE ] i
Clear BLUE_Intensity 0
YAN ] 1
Property type: YAN_Intensity o
Show read-only Description [mencor light Engie
REEN 0
REEN_ Intensity  |[] 0
LEModel EPECTRAY
N LightEngine
RED ] 0
RED_Intensity 0

TEAL_Intensity
VIOLET
VIOLET Intensity

Core-AutoFocus O

(Core-AutoShutter 0

(Core-Camera netixc

ICore-ChannelGroup Channel

(Core-Focus
e e, &

<]

0
0
0
0

3. Give this group a name that makes sense and click OK. This multi-setting group will require
several presets in order for you to control each setting within the group. When you click OK, the
'Preset Editor’ window will appear.

a. Each presetis a setting within the group, for example if your group contains multiple
illumination channels, each preset would have one channel on and all the other channels
off. Switching between these presets would then cycle between the illumination channels.
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How to use Micro-Manager

4. Make the first preset for this group in the preset editor window. — note, changing settings here
will change the physical hardware state, so be aware parts may move or activate.

| £| Preset editor for the "Channel" configuration group

Specify property values for this preset Ok

Preset name: Cyan (2} Cancel

x

Preset Value
<

Property Name
LightEngine-BLUE

LightEngine-CYAN

LightEngine-GREEN

LightEngine-RED

slelelel=1=
Al AATA

LightEngine-TEAL

v |vvv|v

LightEngine-VIOLET

5. Once your first preset is created, you'll be back at the Micro-Manager window. Select the
multi-setting group you created, and then click the plus button in the Preset controls (next to the
group controls) to add a new Preset for all remaining options required.

Config File: C:lulM Configs\Kinetix + SpectraX_cfg

Group: | + =
y range: 18 bits, 0 nm/px

Edit Preseti + i

Startup Configuration Settings

Configuration settings Save
Group Preset
- .. [Channel Cyan (2) )
- EilL Fan Speed
w
= [Readout Rate Cyan (2)
- ¥ | |Spectra 1-Violet Green (3)
=n Spectra 3-Cyan Vialet (1)
Spectra 5-Green [i] £ >

When Micro-Manager is closed, the values in the Groups list and in the Device Property Browser are not
stored, they will go to their default values the next time Micro-Manager is loaded.

To avoid this and specify which values your settings should be on startup, or even on shutdown,
Micro-Manager has a special Group called ‘System’.

How to set default startup parameters for hardware

1. Create a new Group as described above, called
‘System’. Select every hardware option that you
would like to set a Startup or Shutdown value for.

2. Inthe preset editor, for Startup values name the
preset ‘Startup’, and set the values.

3. To add a Shutdown preset, create a new preset as
described above, naming it ‘Shutdown’, and set

the values appropriately.

RevA4  ©2023 Photometrics. All rights reserved.

&| Preset editor

for the "System" configuration group X

Specify property values for this preset:

Preset name: Startup

OK

Cancel

Property Mame Preset Value
Kinetix-FanSpeedSetpoint Low
Kinetix-ReadoutRate 100MHz 12hit
Kinetix-TriggerMode Edae Trigger
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Pixel Scaling Calibration

To allow XY scaling information in images and the inclusion of scale bars, you must set up your Pixel Size
Calibration. This requires either a manual objective turret to be included in your Hardware Configuration
File as described on Page 12, or an automated objective turret controlled in Micro-Manager.

How to set up Pixel Scaling Calibration
1. Under ‘Devices’, select 'Pixel Size Calibration’. In the window that appears, select ‘New'.

| £ Pixel Size Calibration =
Label Piel Size [um] Mew
100x 0.065 it
10x 0.65
20x 0.325 Remave
e 0.1625 Remove All
B0 010833333
Close

2. The Pixel Size Preset Editor shown below will then appear, where all hardware that affect
magnification (objectives, optivars, multiple cameras) can be selected though ticking the ‘Use in
Group’ checkbox.

| £ Pixel Config Editor x
Specify all properties affecting pixel size.
oK
Pixel Config Name: 10x
- Cancel
Pixel Size (um): 0.55
Affine transforms define the relation between
camera and stage movement
Calculate
col. 1 col. 2
0.65000 0.00000 Measure
0.00000 0.65000 Reset
D -
evice type Property Mame Usein G... CurrentProperty Value
Al None | bmission-srate L R
cemeras Exditation-ClosedPosition 1
Exditation-Description BEmo fiter Whesldrver
shutters [Excitation-HubID
stages Excitation-Label ] [chroma-D350
wheels, turets, etc.  [Excitation-ame PWheel
e — Excitation-State 1
objective-Description [BEmo objectve furret drver
. objective-HubID
Device or property name:
R IDbiective-Label 10x0.3
Slear | Shjectve-ame [Bobjective
TG Oh:!emve-Et.zhe 1
Objective-Trigger 1 -
S [7-Description BEmp stage arver
7 +HubID
7 Hame DB5tage
Z-Position [
Z-UseSequences [ o
Path-Description Pemo light-path driver
Path-HubID
Path ahal [l taha-n A
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3. Setaninitial value for a pixel configuration (for example, setting your Objective turret to "10x’),
and give this pixel configuration a corresponding name “10x".

4. Calculate and enter the resulting image pixel size in micrometers based on the following formula,
including any C-mount / optical tube magnification in the system:

Camera Pixel Size
Objective Magnification X Additional Magnification

Image Pixel Size =

You can find your camera pixel size on the Camera Specification Sheet, or in the following table:

Camera Pixel Size

Kinetix 6.5 um
Prime 95B 11.0 pm
Prime BSI / BSI Express 6.5 um
Iris 425 pm
Retiga E7 4.5 um
Retiga E20

Moment 4.5 pm
Evolve 10 10 pm
Evolve 13 13 um
Evolve 16 16 ym
Retiga R6/LUMO/ELECTRO 4.54 pym

5. Once you have inserted your pixel size, click ‘Calculate’. Alternatively, if you have a correctly
calibrated, motorized XY stage installed into Micro-Manager you can click ‘Measure’ for an
automated measurement of pixel size.

6. Click ‘'OK’, and then repeat the process for all remaining objectives, or permutations of different
magnification-adjusting hardware.

| £:| Pixel Preset Editor ®

Specify pixel size configuration o

Pixel Config Name: 60x
Pixel Size (um}: |0.10833333

Cancel

Affine transforms define the relation between
camera and stage movement
Calculate
col. 1 col. 2

0.10833 0.00000 FEEECE

6.06000 —

Property Name Use in Group?
DObjective-Label fox 1.40

7. Once you have finished adding these, click ‘Close’ and you will be prompted to save the changes
you have made into the Hardware Configuration File.
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Essential

Recommended

Triggering

How to use Micro-Manager

Controlling Teledyne Photometrics Cameras

Important Groups & Optimal Camera Settings

Kinetix Family

Camera Setting

Mode — Change between
the four imaging modes of
the Kinetix. This changes
both the readout and gain,
which are optimized for
each mode.

Setting Name in list
Port

‘Speed’ — 8-bit, 498 fps across full sensor
‘Sensitivity'— 12-bit, 88 fps across full sensor, low
read noise mode at speed

‘Dynamic Range’ — 16-bit, 83 fps across full

sensor, large full well capacity for imaging intense

signals
‘Sub-Electron’ — 16-bit, 5 fps across full sensor,
ultra-low read noise of 0.7 e~

Metadata — Additional
hardware metadata
including Timestamps

MetadataEnabled

‘Yes' — Add additional hardware metadata
including a 10ns precision timestamp for the
beginning and end of each frame — see Page 28.

Fan Speed — Control over
air cooling fan speed

FanSpeedSetpoint

‘Low’ — For air cooling for typical (< 2 seconds)
exposure times and room temperatures, camera
airflow unobstructed.

‘High’" — Air cooling with long exposures or in
confined or warm environments

‘Off" — Use only when water cooling is in use

Behavior

Trigger In — Hardware TriggerMode ‘Internal’ — Camera runs on own internal timing
trigger to control camera as defined by software. Other modes allow
acquisition external control of camera. Please see camera
manual for explanation of other trigger modes.
Expose Out Trigger ExposeOutMode Used when synchronizing external hardware

through hardware triggering. Please see camera
manual for explanation of the options.

Number of Expose Out
Cables Used

Trigger - ExposeOutMux

If using Multi Expose Outs to trigger multiple light
sources etc., how many cables to use

SMART Streaming Enable —
Use for faster sequential
multi-channel acquisitions
with channel-dependent
exposure times

SMARTStreamingEnabled

‘No' — Don't use SMART Streaming

‘Yes' — Use SMART Streaming.

Please see camera manual for instructions on
SMART Streaming and when to use it.

SMART Streaming
Exposure Times — list of
exposure times to use for
above feature

SMARTStreamingValues

List of exposure times to use, separated by
semicolons ;

Rev A4
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Recommended

Triggering

Prime 95B
a Elra c (
Readout Mode — Main
camera mode setting

ReadoutRate

How to use Micro-Manager

'200MHz 12 Bit’ - Low light / high speed imaging
'100MHz 16 Bit’ - High dynamic range imaging

Gain — Conversion factor
between photoelectrons
signal and grey levels
displayed

Gain — Create this group
after setting 'Readout
Rate’ to '200MHz 12 Bit’

For practically all low-light or fluorescence
imaging: ‘3-Sensitivity'

For brightfield imaging:

‘1-Full Well' or '2-Balanced’

Clearing — Antiquated
setting regarding charge
clearance

ClearMode

‘Never’ — For all imaging. Other settings may
introduce framerate and timing delays. This may
require setting on startup.

Metadata — Additional
hardware metadata
including Timestamps

MetadataEnabled

‘Yes' — Add additional hardware metadata
including a 10ns precision timestamp for the
beginning and end of each frame — see Page 28.

Fan Speed — Control over
air cooling fan speed

FanSpeedSetpoint

‘Low’ — For air cooling for typical (< 2 seconds)
exposure times and room temperatures, camera
airflow unobstructed.

‘High’" — Air cooling with long exposures or in
confined or warm environments

‘Off' — Use only when water cooling is in use

Behavior

Trigger In — Hardware TriggerMode ‘Internal’ — Camera runs on own internal timing
trigger to control camera as defined by software. Other modes allow
acquisition external control of camera. Please see camera
manual for explanation of other trigger modes.
Expose Out Trigger ExposeOutMode Used when synchronizing external hardware

through hardware triggering. Please see camera
manual for explanation of the options.

Number of Expose Out
Cables Used

Trigger - ExposeOutMux

If using Multi Expose Outs to trigger multiple light
sources etc., how many cables to use

SMART Streaming Enable —
Use for faster sequential
multi-channel acquisitions
with channel-dependent
exposure times

SMARTStreamingEnabled

‘No' — Don't use SMART Streaming

‘Yes' — Use SMART Streaming.

Please see camera manual for instructions on
SMART Streaming and when to use it.

SMART Streaming
Exposure Times — list of
exposure times to use for
above feature

SMARTStreamingValues

List of exposure times to use, separated by
semicolons ;

Rev A4
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Recommended

Triggering

d el'a > J
Readout Mode — Main
camera mode setting

Prime BSI & Prime BSI-Express

o Q - o

ReadoutRate

How to use Micro-Manager

d

'200MHz 12 Bit' - Low light / high speed
imaging
'LOOMHz 16 Bit’ - High dynamic range imaging

Gain 100MHz - Conversion
factor between
photoelectrons signal and
grey levels displayed

Gain — Create this group
after setting 'Readout
Rate’ to '100MHz 16 Bit’
(both modes required)

‘CMS’ — Recommended for all low light imaging.
Low read noise mode.

‘HDR’ — For imaging bright and dark things
simultaneously. Maximum dynamic range.

Gain 200MHz —
Conversion factor between
photoelectrons signal and
grey levels displayed

Gain — Create this group
after setting 'Readout
Rate’ to '200MHz 11 Bit’
(both modes required)

For practically all low-light or fluorescence
imaging: ‘3-Sensitivity'

For brightfield imaging:

‘1-Full Well' or '2-Balanced’

Metadata — Additional
hardware metadata
including Timestamps

MetadataEnabled

Yes' — Add additional hardware metadata
including a 10ns precision timestamp for the
beginning and end of each frame — see Page 28.

Fan Speed — Control over
air cooling fan speed

FanSpeedSetpoint

‘Low’ — For air cooling for typical (< 2 seconds)
exposure times and room temperatures, camera
airflow unobstructed.

‘High" — Air cooling with long exposures or in
confined or warm environments

'‘Off' — Use only when water cooling is in use

Trigger In — Hardware TriggerMode ‘Internal’ — Camera runs on own internal timing
trigger to control camera as defined by software. Other modes allow
acquisition external control of camera. Please see camera
manual for explanation of other trigger modes.
Expose Out Trigger ExposeOutMode Used when synchronizing external hardware

Behavior through hardware triggering. Please see camera
manual for explanation of the options.

Prime BSI Only Trigger - ExposeOutMux | If using Multi Expose Outs to trigger multiple

Number of Expose Out light sources etc., how many cables to use

Cables Used

Prime BSI Only SMARTStreamingEnabled | ‘No' — Don't use SMART Streaming

SMART Streaming Enable —
Use for faster sequential
multi-channel acquisitions
with channel-dependent
exposure times

Yes' — Use SMART Streaming.
Please see camera manual for instructions on
SMART Streaming and when to use it.

Prime BSI Only

SMART Streaming
Exposure Times — list of
exposure times to use for
above feature

SMARTStreamingValues

List of exposure times to use, separated by
semicolons ;
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Rec.

Triggering

Rec. Ess

Triggering

Iris Family

Camera Setting
Metadata — Additional
hardware metadata
including Timestamps

Setting Name in list
MetadataEnabled

How to use Micro-Manager

Recommended Value

‘Yes' — Add additional hardware metadata
including a 10ns precision timestamp for the
beginning and end of each frame — see Page 28.

Trigger In — Hardware TriggerMode ‘Internal’ — Camera runs on own internal timing
trigger to control camera as defined by software. Other modes allow
acquisition external control of camera. Please see camera
manual for explanation of other trigger modes.
Expose Out Trigger ExposeOutMode Used when synchronizing external hardware

Behavior

through hardware triggering. Please see camera
manual for explanation of the options.

SMART Streaming Enable —
Use for faster sequential
multi-channel acquisitions
with channel-dependent
exposure times

SMARTStreamingEnabled

‘No' — Don't use SMART Streaming

‘Yes' — Use SMART Streaming.

Please see camera manual for instructions on
SMART Streaming and when to use it.

SMART Streaming
Exposure Times — list of
exposure times to use for
above feature

SMARTStreamingValues

List of exposure times to use, separated by
semicolons ;

Retiga E Family

Camera Setting

Readout Mode — Main
camera mode setting

Setting Name in list
ReadoutRate

Recommended Value
‘Speed’ — High-speed imaging
‘Long Exposure’ — Ultra-low dark current mode,
allowing for exposures of up to 60 minutes
‘Long Exposure EDR" — Ultra-low dark current
mode with Extended Dynamic Range (EDR) to
increase full-well capacity

Metadata — Additional
hardware metadata
including Timestamps

MetadataEnabled

‘Yes' — Add additional hardware metadata
including a 10ns precision timestamp for the
beginning and end of each frame — see Page 28.

Trigger In — Hardware TriggerMode ‘Internal’ — Camera runs on own internal timing
trigger to control camera as defined by software. Other modes allow
acquisition external control of camera. Please see camera
manual for explanation of other trigger modes.
Expose Out Trigger ExposeOutMode Used when synchronizing external hardware

Behavior

through hardware triggering. Please see camera
manual for explanation of the options.

Rev A4
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Rec.

Trig.

Essential

Trigger

Moment CMOS

Camera Setting
Metadata — Additional
hardware metadata
including Timestamps

Setting Name in list
MetadataEnabled

How to use Micro-Manager

Recommended Value
‘Yes' — Add additional hardware metadata
including a 10ns precision timestamp for the
beginning and end of each frame — see Page 28.

Trigger In — Hardware
trigger to control camera
acquisition

TriggerMode

‘Internal’ — Camera runs on own internal timing
as defined by software. Other modes allow
external control of camera. Please see camera
manual for explanation of other trigger modes.

Camera Setting
Clearing — Antiquated
setting regarding charge
clearance

Setting Name in list
ClearMode

CCD Family: Retiga R6, Retiga ELECTRO, Retiga LUMO, MicroPublisher 6

Recommended Value
‘Clear Pre-Sequence’ — Achieve full speed of
acquisition, for streaming / snap applications
‘Clear Pre-Exposure’ — Remove excess charge
between frames, for time-lapse imaging

Trigger In — Hardware
trigger to control camera
acquisition

TriggerMode

‘Internal’ — Camera runs on own internal timing
as defined by software. Other modes allow
external control of camera. Please see camera
manual for explanation of other trigger modes.

Rev A4
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Advanced Features

Hardware Timestamps

Many cameras from Teledyne Photometrics are able to provide highly accurate and precise hardware
timestamps, generated on the camera’s onboard intelligence. This will be the most precise timestamp
available for when an image was taken. These can be enabled within Micro-Manager, and will then be
included in all streaming (i.e., anything but pressing ‘Snap’) acquisitions.

How to enable and view Hardware Timestamps
1. In Device Property Browser or by creating a group, find the property
‘[Camera Name]-MetadataEnabled’, and select 'Yes'.

Clear | PrimeBSI-FirmwareVersion 23.33

FrimeBsI-FulwellCapacity {5,000

Property type: ELoeSolCan Hoe
B Prime85I-MetadataEnabled Yes - I
Shaw " E a—
= PrimeB5I-Offset 100 < >
4 Refmech PrimeBSI-PMode Mormal
PrimeB5SI-PP 0 DESPECKLE BRIGHT L... DESPECKLE BRIGHT LOW/
DrimaRST DD 1 FAMARIEM —

2. Now each acquired image will show additional metadata under the Image Plane Metadata’ tab
of the Inspect window, starting with "PVCAM-FMD" ("Frame Meta Data").

3. This metadata includes many additional items, the hardware timestamps are under the name
"PVCAM-FMD-TimestampBofNs" and “...EofNs", meaning "Beginning of frame, Nanoseconds”
and “End of frame” respectively. These two times will differ by the frame roll time for rolling
shutter cameras, and are in units of 1 ns, with 100 ns precision and 1 line time accuracy (10-20 ps,
depending on camera speed).

B Inspect "Preview-0 — O X
Inspect: |Frontmost Window ~ || ToFront
PH Histograms and Intensity Scaling '_’;r ~
Color Mode: | [ — Composite w

[[] Autostretch ({Ignore 0.05 3 %)

120

Default

Pussle | /79 65535
Awones | [d|camerapenth o VIN 73 STD 238er0 o

Dataset Summary Metadata |
|- Image Plane Metadata |

Key Value
user:PYCAM-CameraHandle o A
user:PVCAM-FMD-BitDepth 16
user:PVCAM-FMD-ColorMask Mone
user:PYCAM-FMD-ExposureTimeMs 10001500
user:PYCAM-FMD-Framehr 123
user:PVCAM-FMD-Impliedrioi [0, 2047, 1, 0, 2047, 1]
user:PVCAM-FMD-RoiCount 1
; T TV R =YW=Y RS 7M.V WALV VAL W TR T
user:PVCAM-FMD-Ti Bofls 9762321912000
user:PVCAM-FMD-TimestampEofiNs 9762344849600
== v

[ Hide Constant Values

Overlays |
Comments |
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How to use Micro-Manager

Regions of Interest

To create a region of interest in Micro-Manager, use the ImageJ rectangle tool to draw on a live or snapped
image, and click the blue ‘'ROI’ button outlined below (left red box). To return to the full field of view, click
the four green arrows button (right red box).

g e ey
& Imagel — x 2, Refrash Shutter ~
File Edit Image Process Analyze Plugins Window Help B Ciose 2 b o Q M=
Hojalolj4|wala]ols] | | | | | | |2 g At
"Straight”, segmented or freehand lines, or arrows (right click to switch) ‘EI m & |[F]E fal /s

Specifying ROI sizes & positions

To specify an exact size and position of region of interest, use Edit = Selection = Specify... within
Imaged to specify Width, Height and X and Y co-ordinate of the top left corner. The ‘Centered’ option

would instead make the reference point for the X and Y co-ordinate the center of the ROI.

4 Image) Make Inverse %
File [EEI image Process Sl SHEHET
/¢ undo Ctrivz | Create Mask | | |=
Oval"l - o Cirex | Properties... Ctri+Y
Copy Giitre | SEak= £ Specify X
Rotate...
Copy to System
Enlarge Width:
Paste Ctri+v
Make Band Height: |256
Paste Control...
Clear Straighten... Y coordinate: |128
Clear Outsice To Bounding Box
Fill Ctri+F ™ Oval
Line fo Area ;
Draw Cirl+D I Constrain square/circle
Area to Line I Contered
Invert Ctri+Shift+ | to Select
Mage o Selection... I~ Scaled units (px)
Selection 4 Add to Manager Ctri+T
Options » | OK | Cancel

You can also save selections to Imaged’'s ROl Manager to save them to a file and load them by dragging
and dropping the file onto Imaged, or to select between multiple ROls.

Once you have drawn up your chosen ROI, click the blue ROl button outlined above to apply it to the
camera.

Multi-ROI

Some Teledyne Photometrics cameras support Multi-ROI, allowing up to 16 regions to be imaged
simultaneously. The overall camera readout and image size will then be determined by the bounding box
containing all ROIs — the camera will not skip rows not contained within an ROI. The rest of the image will
be set to a greyscale value of ‘0’, which when used with lossless compression can significantly reduce file
sizes, and lead to easier segmentation.

Note: Multi-ROI support requires a compatible camera and Micro-Manager version 2.0 — Micro-Manager
version 1.4 is not compatible with this feature.

RevA4  ©2023 Photometrics. All rights reserved.
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How to set up Multiple Regions of Interest

1.
2.

Draw your first region of interest as normal

Hold shift, and begin drawing the second ROI from the top left corner. With shift held, the ROI
will be constrained to a square.

Release shift without releasing the mouse button to draw rectangular ROls.

Release the mouse button, and repeat for all further required ROIs. Note: it is permitted for ROls
to overlap.

Q 2
2. Holding shift, begin

drawing 2" ROI. )
3. Release shift to draw” !
shapes other than squares

4. Release mouse but@

Repeat. ¢

Should you wish to store the ROI locations for future acquisitions, at this stage, you are able to
press ‘Ctrl+T' to add this multi-part ROl to the ROI Manager, where it can then be recalled if lost,
or saved for future use.

Press the blue 'ROI" button to apply the regions.

A a 0xDum 1515x1386px 16-bit 4MB
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Multi-Dimensional Acquisitions: Movies, Multi-Channel, Z-
stacks, XY Positions

Acquiring more than one frame in Micromanager is handled via the Multi-Dimensional Acquisition window
(‘Multi-D Acq.). This is where you can design experiments with whatever hardware you have connected —
multi XY positions, Z positions, multi-channel, and of course time points for both streaming and timelapse
acquisition. There is also the option for autofocus at designated times.

The Acquisition Order dropdown provides control over what order changing hardware parameters
happens. For example, whether each wavelength channel is imaged sequentially on each z-slice (desirable
for best co-localization), or whether the entire z-stack is acquired before changing between channels
(desirable if changing wavelength channels involves time-consuming filter wheel or dichroic changes).

Setting up multiple XY Positions and Z stacks is intuitive and straight forward, but not covered in this
guide. Information can be found on the Micro-Manager website here:
https://micro-manager.org/wiki/Micro-Manager_User%27s_Guide#Recording_Images

Movies & Timelapse

To acquire a movie/streaming acquisition where the camera runs at full speed (or according to external
triggering control), simply set the number of frames you wish to acquire under Time Points = Count,
and leave ‘Interval’ at O.

B Multi-Dimensional Acquisition — O X
= Ti . i
Time Points Acquisition Order [
Count: 600 = Time
Interval: |0 ms - T (T2 ... Acquire!
Advanced... Stop
[] Autofocus Load. ..

[] Multiple Positions (XY)
Opticns... Save 55...
Fdit Pacitinn | ist

To acquire a timelapse where there is a delay between frames/stacks (including where appropriate
multiple channels, xy & z positions), the ‘Interval’ corresponds to the target time between acquisitions,
not to any additional added time between frames. If this interval is set shorter than the acquisition time
per time point, it is ignored.

i Multi-Dimensional Acquisition — O X
i - —
Time Points Acquisition Order Close
Count: 1,000 (5 Time
Interval:| 20 s ~ o ... Acquire!
Advanced... Stop
[] Autofocus Load...
[] Multiple Positions (XY)
Mintinne Save as...
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Multi-Channel

How to use Micro-Manager

To set up a multi-channel acquisition, ensure you have set up your Channel group as outlined on Page 19.

How to set up a Multi-Channel Acquisition

1. Specify your channel group that controls channel hardware in the ‘Channel Group’ box.

2. Click 'New' to add a channel to the list to be acquired.

3. Under '‘Configuration’ specify which preset value of the Channel group this channel should have.
You can set the exposure time for this channel, whether to include a z positioning offset correction,
whether to include this channel in Z-stacks, whether to skip a certain number of time points before
acquiring this channel, and finally the color the channel should appear.

MINIMUM guratien: 2,38

4. Repeat this for as many channels as you intend to acquire.

Saving Multi-Dimensional Acquisitions

Keep shutter open Order: Time, Channel

[] Channels

Channel group: | #Channel L D Keep shutter cpen
Lse? Configuration Exposure Z-offset  Z-stack Skip Fr. Color Mew
30 [] Remaove
[ Cyan 50 o o ]
<] Violet ) D 0 . up

Do

[] save Images

By default, with ‘Save Images’ unchecked, images are acquired into RAM as usual and can be saved after

acquisition.

To save to hard disk/SSD as images are acquired, check the ‘Save Images’ checkbox and specify a folder
and filename. As with saving after acquisition a choice between Separate Image Files and Image Stack
File is provided — Image Stack Files save faster, and hence are highly recommended for streaming

acquisitions.

You will need to make sure that your computer has high enough hard disk / SSD write speed to keep up

with the data rate of the camera for high-speed streaming to disk.

Rev A4  ©2023 Photometrics. All rights reserved.
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Image Handling

Histogram Control: Changing your image display scaling settings

After you go ’‘Live’ with a camera or acquire some images, the ‘Inspect’ window will appear in
Micro-Manager. This window allows you to inspect your images, both as they stream live and after you've
acquired them. The main part of the inspection window is the histogram, which gives a quick overview of
the intensity information in the image. The x-axis are the possible signal intensity values, from O to the
maximum value (255 for 8-bit, 4095 for 12-bit, and 65535 for 16-bit)., and the y-axis shows how many
pixels are at each intensity level.

1128

—
93 4095

It should be noted that for fluorescence or low-light imaging of sensitive samples, the signal intensity from
the sample will be far lower than the maximum value the camera can display. In the example histogram
above the camera can display intensities of up to 4095, but the highest signal from the sample is at 1128.
The large peak at the left of the histogram (red square) represents all the black background pixels where
there is no sample present, the area in the green square represents the pixels of the sample, displaying a
range of intensities.

By changing the histogram and scaling controls you can determine how your acquired data is displayed
on your screen. Please note that this doesn’'t change the signal intensity from your sample, just how this
data appears on your screen.

i i

Inspect: |Frontmost Window ~ || ToFront o N 2 0x0pm 2048x2048px 16-hit &

|— Histograms and Intensity Scaling

Color Mode: | IR Grayscale w
[ Autostretch  (Ignore 0.115|%)
1128

Default

Fullscale

gk} 4085

Auto Once MAX 1706 AYG 192

4 |Camera Depth MIN &2 STD 15le+0Z G2

|l Dataset Summary Metadata

|¥ Overlays

&l Snap & Live &l = Album Camera:

|
|+ Image Plane Metadata |
|
|

I= Comments
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How to set up scaling in Micro-Manager

By default, automatic image scaling is used to set the maximum and minimum displayed intensity values
based on image data. In Micro-Manager this is called ‘Autostretch’, and is enabled by default, as seen by
the tick box above the histogram (red square on below image). When autostretch is enabled, the scaling
will automatically match to the max and min values, such as 93 and 1128 as seen on the previous histogram.

If autostretch is disabled, the maximum and minimum will need to be manually set for each acquisition. If
the light level or exposure time are changed, the signal intensity will also change and the histogram may
go beyond the manual scaling points, so if deactivating autostretch please check your histogram and image
each time you change anything that may affect signal level.

As values of the very brightest and very darkest pixels can change rapidly, it is typical to ignore some
percentage of the brightest and darkest pixels in determining image scaling. This is shown in
Micro-Manager as the ‘Ignore %’ and typically defaults to 0.1%. This can be manually changed, but bear in
mind a higher Ignore % as shown below (of 2% in this case), will result in a higher contrast image, but with
more saturated pixels. The most important thing is to get the image that is most representative of your
sample while also answering your scientific questions.

[ Inspect "Preview-0" - O X g
Inspect: |Frontmost Window ~ | ToFrant o A a Ox0pm 2048x2043px 16-bit &
=] Histograms and Intensity Scaling 'f,: ‘ "
Calor IMade: -_ G | o
[] Autostretch (Ignore 25| %)
® o]l
Default
Fulksczle -
99 4095
Auto Once MAX 1706 AYG 1932
4| CameraDepth MIN 52 STD 151e+02 ca

+ Dataset Summary Metadata

+ Overlays

|
+ Image Plane Metadata |
|
|

&l Snap &) Live il = Album Camera:

—| Comments

It is possible to manually set the max and min display values by dragging the triangles on the top and
bottom of the histogram respectively. Alternatively, double click on the min or max displayed value to
type in a new value. For PVCAM cameras it is important to ensure that the lowest value is ~100, as this is
the base level of offset in the camera settings.

RevA4  ©2023 Photometrics. All rights reserved. "~‘ I E LE DY N E
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Gamma

The typical way to display image values is linearly, with min scaling value mapped to O display intensity,
and a linear increase up to max scaling value mapping to 255. However, for some images such as thick
samples in brightfield imaging, this can result in either poor contrast in dark areas or completely saturated
bright areas.

Gamma is a non-linear mapping of intensity values, meaning more display values can be used to give
contrast to dark areas of the sample without saturating bright areas, and vice versa. To change gamma,
click and drag the circle in the center of the line that connects the max and min display values on the
histogram.

Inspect "Preview-0" - O = ﬁ
P

Inspect: Frontmost Window ~ || ToFront i s *§ *§ Ox0pm 2043x2048px 16-bit &

= Histograms and Intensity Scaling 4 ":.- ” ~

Color Mode: | IR Grayscale w
[A Autostretch (Ignore 0.1 %)

1128

Default

Fullsczle o3

MAX 1706 AVG 192
MIN 53 STD 15le+02

Auto Once 4 |Camerz Depth o

+ Dataset Summary Metadata |
+ Image Plane Metadata |
|
I

7 Overlays

Sl snap & Live (S = Album Camera:

= Comments

Lookup tables (LUTs)

Lookup-tables or LUTs apply false colors to image channels. The vast majority of scientific cameras are
monochrome, meaning colors such as those seen in fluorescence are false colors applied after acquisition
in order to differentiate between channels (such as DAPI being blue, etc.).

Micro-manager comes with several LUT options for an alternative to the typical monochrome/greyscale
appearance. In the above figure the image has a ‘Greyscale’ LUT, in the below figure ‘Fire’ is used.
Different LUTs can help highlight small intensity differences in your image.

i Inspect "Preview-0" - O b'e Il
Inspect: | Frontmost Window i To Front : : ;\ a 0xOpm 2048x2048px 16-bit &
—| Histograms and Intensity Scaling "J.a‘ | Ll g

Color Mode: | [ Fire -
I — Composite

Color
Grayscale
| Highlight Saturated

Red-Hot

MAX 1706 AYG 132

Auto Once
4 |Camera Depth MIN 83 STD 15le+02 G2

+ Dataget Summary Metadats

% Image Flane Metadata

+ Overlays

=] Comments

Dataset Summary Comments:

A| S Snap & Live 8 = Album Camera;
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Scale Bars

To display a scale bar in Micro-Manager, you will first need to set your Pixel Scaling Calibration,
according to the instructions on Page 21.

How to set up Scale Bars
1. In the Inspector window under the Overlays tab, click the '+ Add’ button, and choose ‘Scale Bar'.

i

Inspect: | Frontmost Window e To Front

+3 Histograms and Intensity Scaling ‘:-‘ -

Color Mode: | IR Grayscale - |
[+] Autostretch (Ignore 0.1 %) |

1152

Default

Add
Guide Patterns

Fullsczle

a4 4095

Auto Onca MAX 1807 AVG 196 Timestam P

4 [Camera Depth MIN 25 STD 1Sde+iz L)

Dataset Summary Metadata | Scale Bar
Image Plane Metadata |

E! Overlays |

E! Comments |
Dataset Summary Comments: h

2. Multiple options for length, thickness, color, label and position are then available.

) LITEgE Fianie 1¥e Laud L |

= Qverlays
Length: (@ Auto ()| 100.0 pm Thickness: 5 px
Color: « | [] Solid Show Label (Size: | 14.0 pt)

Position: |Lower Right - | X Offset: 10 px ¥ Offset: 10 px

Add
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Using Imaged Functions & Plugins

Some Imaged analysis functions can be used on Micro-Manager images; however, some require the image
to be brought explicitly across to a new instance of Imaged. While Micro-Manager opens with an ImageJ
window, this has limited functionality and lacks typical Imaged Functions such as:

e Plot Z Axis Profiles
e Image summation & averaging
e Use of Imaged Plugins

In order to access these and use the full suite of Imaged analysis tools, you can open Imaged from within
Micro-Manager. This can be done by clicking the following option on the image window:

& Untitled-1 (25%) - O X

a ° N e 221,8667%221.8667um 2048x2048px 16-hit BMB

3447.05ms Playback: 100.0 fps
bt 100/ 100 | < > GO m
@ @ NEW IMAGE ™ E

Image Inspector...

MNew Window for This Data

3D (ClearVolume)

Duplicate...

Export Images As Displayed
Line Profile

Project...

Randomize >

To Imagel...

Alternatively, you can manually open a new instance of Imaged or Fiji, then open the image.
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Live Analysis

Micro-Manager and Imaged has multiple plugins and functions for live, on-the-fly analysis as well as
post-acquisition analysis.

Line Profiles

To draw a line profile in Micro-Manager, use the Imaged Line tool and then in Imaged choose ‘Analyze =
Plot Profile’. You can also use the keyboard shortcut ‘Ctrl + K', although this shortcut will not work on a
live updating image.

You can click the 'Live’ button on the graph window that appears to have the graph live update for either
an updating image or for moving the line.

You additionally have the option to thicken the line to take an average intensity measurement across the
thickness of the line at each point along its length. To do this, double click the Imaged line tool to specify
line thickness.

B Preview - o % 4 Imagel - X 4 Plot of Preview-0
File Edit Image Process [RENGEY Plugins Window Help 21,3001 250.77 (613x355); 8-hit; 213K

Egg@ /vﬂ*t Measure Clri+M | | | | | ‘» T T

FStraight”, segmented or freshanc  Analyze Particles. itch)

A o 221.8667x221.8667um 2048x2048px 16-bit BMB

Summarize
Disfribution...
Label

Clear Results

Set Measurements.

Gray Value

Set Scale. .

Calibrate...

Histogram Ctri+H
Surface Plot...

Gels »

Distance (um)

Tools.

List | Save. | Mores M

Intensity over time and ratiometric charts

Micro-Manager can display live intensity charts for multiple regions of interest, on either a live view or an
acquiring sequence, and display a ratiometric intensity of two ROIs, for applications such as Calcium
imaging.

Setting up Realtime Intensity Plots
1. In Micro-Manager, choose 'Plugins = Acquisition Tools - Realtime Intensity Plots’.

& Micro-Manager 2.0.0-gammal 20200806 - u] X
File Tools Devices Plugins Window Help
Profile: Default User 3D (ClearVolume) Config File: C:\uM Configs\DEMO\DemaoConfig.cfg
B snap Acquisition Tools 5 Acquire Multiple Regions Save
& e Analysis b HCS Site Generator
&l= Album Beta 3 Intelligent Acquisition — B e _ O
H mutio ace. Developer Tools § Live Tracking i B
> Refresh Device Control : Localization Microscopy > Please setup ROI(s).
M ciose an Live Replay Photon Transfer Curve assistant : ROI Manager Plot Settings
HOUS— . Micro-Magellan Realtime Intensity Plots
- BT b3 On-The-Fly Image Processing Slide Explorer
User Interface >
Group: + - Edit | Preset: + - Edit
Image info (from camera): 3200 X 3200 X 2 bytes, Intensity range: 12 bits, 1625 nmipx, Z=0.00 ym

RevA4  ©2023 Photometrics. All rights reserved. "~‘TELEDYN E 38



I‘i\TE LE DYN E How to use Micro-Manager

2. A window will appear asking you to set up ROI(s). You can do this using the ImageJd ROl Manager.
3. To add an ROI to the manager, select your tool of choice (ROIs can be any shape) and draw an
ROI, then press ‘Ctrl + T' to add this to the Manager. You can repeat this for multiple ROls.

A 2 221,8667%221.8667:m 2046x2048px 16-bit BME

-

1052-0732 ~
1860-0630 Add
2535-2502 Update
Delete
Rename...
Measure
Deselect
Properties...
Flatten [F]
More =
[v Show All
[v Labels
w

i snap & Live 8~ Album Camera: 9 fps = E+3

4. Once all of your ROIs are listed in the ROl Manager, the 'Real time intensity GUI" window should
show 'Ready’. Once you hit 'Plot’, a live updating intensity window will appear once your display
is updating with live data.

5. To make a Ratiometric plot between ROIs numbered 1 and 2 in the ROl Manager, click ‘Settings’
in the ‘Real time intensity GUI' and choose ‘Ratiometric image'.

@ Intensities of Preview - O x

Intensities of Preview

[ Realtimeintensity GUI  — O et

Ready oD T

ROI Manager Settings

Value

HEeh
et

[l 1,000 2000 3000 4,000 5000 6,000
Time(ms)

=123 4
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Saving and Opening Acquired Data

Files saved by Micro-Manager use the ome.tiff format, and can be universally opened in other imaging
software, complete with metadata. However, Micro-Manager itself can only open files that were acquired
using Micro-Manager.

Whenever you ‘Snap’, ‘Alboum’ or use ‘Multi-Dimensional Acquisition (MDA) you can acquire an image,
but this image needs to be saved to your storage drive if you want to open it later on. The method to save
Micro-Manager files is given below. The alternative of saving via Imaged’s ‘File = Save’ menus may not
retain all metadata, and these files cannot be re-opened in Micro-Manager. Only by saving through the
Micro-Manager window can you get the ome.tiff files for universal analysis.

Saving acquired images to disk in MM
1. To save an acquisition, click the Save
icon to the bottom right of the
image (red square).
2. You will be prompted to choose
between two saving methods:

S ok 221.8667%221.8657m 2048x2048px 16-bit BMB

Image Stack Files or Separate ~pn

Image Files. Image Stack Files are saven; [ | importantExperinent
faster to work with and can be much o

more convenient than separate e

image files for large stacks. ¥al
Note: Very large Image Stack Files =
are split into 4GB chunks according -
to the maximum size of a
multi-page TIFF file. These will open

as if they were one file. N‘?k Fie rame:

3. Files will save in a folder according Sk

Image Stack File

to your file name. .

Files of type: | 1mage Stack File

See below for some options relating Uzt il
bt 100/ 100 | €
to how files are saved. o e wew mace %
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Saving Options
The Tools 2 Options’ menu in Micro-Manager provides access to two saving-related settings:

_{ Micro-Manager 2.0.0-gammal 20200906
File Tools Devices Plugins Window Help

Profil 2 Refresh GUI

Script Panel...
Quick Access Panels >
F Shortcuts...

Messages...

Stage Control...
Mouse Moves Stage (Use Hand Tool)

¢ &

Stage Position List...

n Multi-Dimensienal Acquisition...

Imag Optiens... e

How to

use Micro-Manager

Micro-Manager Options hed
Display Background:
Sequence Buffer Size: R

[[] Create metadata. txt file with Image Stack Files

Save XY positions in separate Image Stack Files

[] Always use the default user profile

Ask for config file at startup

Startup Script: | CameraFunctions.bsh

Close app when quitting MM

[[] Enable debug logging

[[] Delete log files after |7 | days

Delete Log Files Now

‘Sequence Buffer Size' — determines how much RAM is allocated to store images before saving.
If Micro-Manager is crashing during large acquisitions (1000s of frames) you may need to
increase this. The value is MB so the 3000 MB in the example is only 3 GB of RAM.

‘Create metadata.txt file with Image Stack Files’ —stores the image metadata separately, which
provides easier access to post-acquisition analysis pipelines
‘Save XY positions in separate Image Stack Files’ —separates XY stage positions in an acquisition
into separate stack files. Note: Irrespective of this setting, when saving Separate Image Files, these
files will be separated into folders according to XY stage position.

Loading images saved from Micro-Manager

1.

Rev A4

Loading images can be done via
Micro-Manager’s File menu.

Either choose Virtual access where each
frame/stack slice is loaded on demand from
the hard drive, or RAM access where the
entire image stack is pre-loaded into the
RAM. RAM loading leads to faster image
access, but large stacks will require large
amounts of RAM.

Alternatively, you can open files by dragging
either the ome.tiff file or the folder
containing it onto the Micro-Manager
window.

By default, this will load images into RAM,
unless there is insufficient RAM in which
case you will be prompted to open virtually
instead.
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Streaming to RAM or Disk for High-Speed Imaging

Acquiring and saving individual files or small stacks is easily done through Micro-Manager, whether using
RAM or Disk. However, with larger and faster cameras continually in development, it is important to
know the limitations of Micro-Manager when streaming data to RAM or Disk at high-speeds, working
with large fields of view, or doing high-throughput imaging in general.

This section mostly applies to our Kinetix sCMOS camera, which has a far higher speed and larger field of
view than other scientific cameras, and consequently has a much higher data rate.

The Kinetix has a 3200x3200 pixel array, meaning every acquired frame has a file size of 10 or 20 MB
when using 8-bit or 12-/16-bit modes respectively. When using the 8-bit speed mode, the Kinetix can
acquire 500 frames a second, and with each frame being 10 MB this results in a data rate of ~5 GB/s.
When imaging close to or at this data rate, Micro-Manager can struggle. This section outlines how to
stream to RAM or Disk at these high speeds when using Micro-Manager.

Streaming to Disk

12-bit 'Sensitivity' and 16-bit ‘Dynamic Range’ modes are able to stream at full speed to disk, allowing for
constant acquisition as long as the disk still has capacity to store each frame.

But due to limitations in the internal architecture of Micro-Manager, it currently isn't able to match the full
speed of the Kinetix in 8-bit 'Speed' mode while streaming to disk. When testing computers (that met our
specifications) for full-speed streaming to disk, our engineers have found a data rate limit of ~1.5-2 GB/s
when writing to disk (the full data rate of the Kinetix in ‘Speed’ mode is 5 GB/s). In order to successfully
stream to disk with a Kinetix at full speed when using Micro-Manager the data rate must therefore be
limited, either by using regions of interest to reduce the frame size, or by reducing the frame rate by
increasing exposure or using external hardware triggers.

We are currently working on a solution to enable full-speed streaming to disk in Micro-Manager. In the
meantime, for streaming to disk with a Kinetix in 8-bit 'Speed’ mode, please contact us for an alternative
free solution developed by Teledyne Photometrics.

Streaming to RAM

On a computer that meets our recommended specifications, Micro-Manager is capable of streaming to
RAM (memory) at the full speed of the Kinetix in all modes. However, not all of your computer's RAM s
available to Micro-Manager for acquisitions, typically ~40-50% of the available RAM is accessible.

If using a computer with 64 GB of RAM, the Kinetix may be able to stream ~32 GB of data uninterrupted.
If imaging at the full 500 fps speed of the Kinetix, at 10 MB per frame, this 32 GB of RAM represents
~7 seconds of constant acquisition. If using the slower 12-bit ‘Sensitivity’ or 16-bit '‘Dynamic Range’ modes
at 20 MB per frame, the 32 GB of RAM represents ~18 seconds of constant acquisition.
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How to Stream to RAM at High-Speed with Micro-Manager

Step 1: Installing the correct version of Micro-Manager

Streaming to RAM will function optimally when using the latest nightly build of Micro-Manager 2.0.0 or
2.0.1, please use a version dated from the 4th of March 2021 onwards. If you are constrained to use
particular versions of micro-manager due to limited compatibility with other hardware, please contact us.

Step 2: Installing the Kinetix into Micro-Manager

For instructions on installing the Kinetix (or other high-speed PVCAM cameras) into Micro-Manager,

please consult the relevant section of this guide on Page 9.

Step 3: Setting the Sequence Buffer size

Once you have Micro-Manager installed and your required
hardware configured, there are a few settings to enable high
speed acquisition to RAM. The first is the Sequence Buffer Size,
found within Micro-Manager under Tools -> Options,
highlighted in red as seen in the image to the right.

The sequence buffer holds frames that come from the camera
before they are copied to and processed by the Java
environment (Imaged). At its full field of view, the Kinetix is
delivering frames to the buffer up to every 2 ms (at 500fps), but
the copying to Java takes longer than this, so the sequence
buffer will fill up while frames wait to be copied.

The capacity of the sequence buffer can be set via
Micro-Manager in the image shown. The default size of the
buffer is 250 MB, and with single snaps or slower multi-D
acquisitions the buffer is not used at all, with images copied to
Java directly.

To maximize the possible acquisition data size. the sequence
buffer should be set to ~40-45% of available computer RAM.
For a given acquisition size the sequence buffer should be set
to a similar size. If your available PC RAM isn't sufficient, the
buffer can overflow and acquisition may fail, as seen in the
error below.

Micro-Manager Error

'6' Error: Acquisition failed.
‘' Sequence buffer overflowed.
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Step 4: Setting the Imaged Memory size

After being stored in the sequence buffer within Micro-Manager, your images are copied to Imaged for
processing, displaying, or saving to disk. This means you also need to consider the memory size allocated
to ImageJ itself.

The memory size can be set via Imaged -> Edit -> 4 Memory (64-bit) %
Options -> Memory & Threads, which opens the
menu seen to the right.

Maximum memory. (2000 MB

To maximize the possible data acquisition size. the
lmaged maximum memory should be set to
~45-50% of the computer's RAM, similar to the
amount allocated to the sequence buffer. [~ Keep multiple undo buffers

Parallel threads: | 12

With ~40% RAM allocated to the Micro-Manager ¥ Run garbage collector on status bar click
sequence buffer, and ~40% RAM allocated to the

Imaged memory, your PC has 20% of its total RAM
left for the operating system and any other open
programs to run.

OK | Cancell Helpl

To see how much RAM your computer is using, and what it is being allocated to, right-click the windows
button and select Task Manager'. There will be columns for CPU, Memory, Disk and Network. The
‘'memory’ column is your computers RAM, and the percentage shows how much of it is in use. If more
than 20% of your RAM is being used before you even open Micro-Manager, you may need to close some
programs, especially RAM-hungry programs like Google Chrome.

If you don't know how much RAM your computer has, click the ‘Performance’ tab within the Task Manager
and go to 'Memory’, this will show you how much memory you have, and what is currently in use.
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Step 5: Running an Acquisition
Set up your experiment in Micro-Manager as |# Multi-Dimensional Acquisition - b X
normal. When setting up your large acquisition [ RIS Acquisition Order

through the Multi-Dimensional Acquisition : g

window you will see the ‘total memory’ for the :
acquisition updating as you fill in the fields.

M Autofocus

For example, in the right image, this acquisition
will require ~8.8 GB of memory. This should be
less than the memory given to Imaged in step
4, and roughly the same as the sequence buffer
size given to Micro-Manager in step 3.

10 0 ]
C 10 1] 0

W Save Images

Acquisition Comments

Monitoring Image Acquisition

If you are acquiring at high speed, the sequence buffer is expected to fill up very quickly. This can be
monitored via Micro-Manager -> Plugins -> Developer Tools -> Sequence Buffer Monitor, as shown
Below in the left-hand image. This should not reach 100% during acquisition.

Java memory utilization can also be monitored: Ilmaged -> Plugins -> Utilities -> Monitor Memory,
shown below in the right-hand image. Similarly, this should stay below 100%.

'_{ Sequence Buffer Monitor — X ¢ Memory — x

160MB (<13%) 0
| 0/393 (0%)

Update Interval: | 100 | ms
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Checking that the acquisition completed successfully
Once an acquisition has completed, select the Inspect window in Micro-Manager and open the
‘Image Plane Metadata’ section, as shown below.

The total frame values in PVCAM-FMD-FrameNr' and 'PVCAM-FrameNr’ should be the same. This should
also be one greater than the ‘lmageNumber’, as the first frame has a ImageNumber of 0.

If the metadata frame numbers are larger than your requested number of frames, frames were acquired by
the camera that the computer was not able to record, and those frames are lost. To avoid frame losses,
you may nheed to reduce the total acquisition size or reduce the acquisition speed or data rate.

B inspect "Untitled-1 - = x #  Inspect "Untitled-0" - a X
Inspect: |Frontmost Window i To Front Inspect: [Frontmast Windaw B To Front
)_—_: Histograms and Intensity Scaling -';; 4] |_. Histograme and Trtensity Scaling .."", ~
Color Mode: | IR Grayscale v Color Mode: | IR Grayscale v
[ Autostretch (Ignore 0 %) [ Autostretch  (Ignore 05 %)

Default Defauih

Fullscsle
0
Auto Once 4 Came MAX 255 AYG 39 )
Auto Once MAX 255 AVG 38 i MIN 0 §TD 2.31e+01
d[CameraDepth o MIN 0 STD 23%e+01 | O9
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[#) Dataset Summary Metadata | Einase Pone Feadata |
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