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1. Overall Imaging Module Setup

The Imaging Module of MEASSURE systems is located on the top area of the MEASSURE frame,
fixed to the frame’s side rails. The overall configuration, shown in Fig. 1, consists of the
following from top to bottom: camera, speed booster (if any), coupler(s), adapter tube, lens,
and any additional components or attachments. An LED light source is used to illuminate the

sample.

camera ==

coupler(s) ===

source

adapter
tube

Ul

camera
lens

I

lens
attachment =

or objective

Fig. 1: Overall setup of the Imaging Module (shown here for a MEASSURE-X system).
Depending on the MEASSURE model being used and the target application, the Imaging Module
will be configured accordingly. Table 1 shows the typical imaging components for the different
models of MEASSURE.

Upon tool installation, BMSEED will provide and assemble the imaging components based on the
user’s experimental protocol and target application. If additional or different imaging

components are needed, contact BMSEED.
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Table 1: Typical imaging components for the various MEASSURE models.

Hardware

MEASSURE-Mini MEASSURE-Premium MEASSURE-X
component
Camera Camera from Basler: Cameras from IDT: Cameras from IDT:
e acA2440-75um e 0OS7-V3-S1 e 0OS7-V3-S1
e NXA4S1-M e NXA4S1-M
Cameras from IDS: e MotionXtra CCM 1510 e MotionXtra CCM 1510
¢ UI 3370CP-C-HQ
e UI 3060CP-M-GL R2
Speed Speed booster from
booster Metabones:
(optional) e XL, 0.64x%, Nikon G to
Micro Four Thirds
(MB_SPNFG-M43-
BM2)
Coupler Coupler from Navitar: Couplers from Navitar: Couplers from Navitar:

e C-mount coupler
(1-6010)

Coupler from Fotodiox:
e Lens C to MFT mount
adapter (C-MFT)

e C-mount coupler
(1-6010)

e F-mount adapter

e F-C adapter

Coupler from Fotodiox:
e Lens C to MFT mount
adapter (C-MFT)

e C-mount coupler
(1-6010)

e F-mount adapter

e F-C adapter

Coupler from Fotodiox:
e Lens C to MFT mount
adapter (C-MFT)

Adapter tube

Adapters from Navitar:

e 1x standard, tele (1-6218)
e 1x standard, F-mount (1-64299)

e 2x standard (1-6030)

o 2x short (1-6233)

Lens Lenses from Navitar:

e Zoom 6000 lens, 12mm fine focus (1-60135)

e Zoom 6000 lens w/ aperture, 12 mm fine focus (1-60135A)

e UltraZoom 6000 super high resolution objecting coupling lens, 12 mm fine

focus (1-60190)

Lens Lens attachments from Navitar, only compatible with Zoom 6000 lenses:
attachment e 2x lens attachment (1-60113)
(optional) e 1.5x lens attachment (1-60112)
Objective Objectives from Navitar, only compatible with UltraZoom 6000 lenses:
(optional) e 10x Motic objective (1-62829)

e Required for any objective: Mitutoyo objective coupler (3-60160)

Light source

Light source from AmScope:

o LED fiber optic illuminator w/ dual gooseneck lights, 50W (LED-50WY)

Light source from Techniquip:
o LED fiber optic illuminator with ring light and diffuser, 80W (Prolux X6K-TQB)
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A brief description of the various imaging components:

Camera: The IDT cameras listed in Table 1 are high speed cameras that are well suited
for MEASSURE-X and -Premium systems that will be used in very fast impulse stretches
(i.e., that move to the target position up to within a few milliseconds). These three
cameras, which will be described in Section 2 below, are fixed to the MEASSURE frame
via two screws.

The Basler and IDS cameras are better suited for MEASSURE-Mini systems that will be
mainly used in cyclic or oscillatory stretches that do not require high recording rates.
These cameras are explained in a separate user manual.

Speed booster: A speed booster increases the field of view and brightness. The latter is
especially critical when running fast impulse stretches at high magnifications. While speed
boosters are not necessary, they are recommended when using MEASSURE-X system.

Coupler: Couplers are used to connect the camera (or speed booster if using one) and the
adapter tube. The Navitar C-mount coupler is typically used in all MEASSURE models.

Adapter tube: The adapter tube (like the coupler) serves as the connection between the
camera and lens. A clamp on the imaging stage is used on the adapter tube to fix the
imaging assembly to the MEASSURE frame (see Fig. 1). Depending on the target
application and other hardware components, the adapter tube could have different
magnifications, lengths, and mounts.

Lens: The lens allows the user to focus on and zoom in and out of the sample (from 0.7x
to 4.5x). Typically, the Navitar Zoom 6000 lens is used on MEASSURE systems. There is
one model of the Zoom 6000 lens that allows the user to adjust the aperture to control
the depth of field by trading off the amount of light reaching the sample.

If larger magnifications are required, the Navitar UltraZoom 6000 lens can be used
instead. This lens allows the user to attach objectives to the imaging assembly. The
main downsides of larger magnifications are a smaller depth of field and light reduction.

Additional components:

o Lens attachment: Lens attachments are only compatible with Zoom 6000 lenses
(not UltraZoom 6000 lenses). Lens attachments are screwed in at the bottom of
the lens. Typically, a 2x lens attachment is provided with MEASSURE systems as it
is a quick and simple way to increase magnification at an increased image
resolution but with the tradeoff of a shallower depth of field. Note that adding a
lens attachment reduces the working distance.

o Objectives: Objectives are only compatible with UltraZoom 6000 lenses (not Zoom
6000 lenses). Objectives require a coupler prior to mounting them to the lens and
are only recommended if a large magnification is needed. When using an objective,
the working distance is reduced even further than when using a lens attachment.

Light source: An LED light source is required to illuminate the sample as they do not heat
up the sample. Dual gooseneck lamps or a ring light can be used with the light source.
While the gooseneck lamps can apply more illumination, the ring light is fixed to the
bottom of the imaging assembly making it a more convenient and repeatable option.

5|Page



Imaging Module Manual

2 Protocol to Connect the Camera

BMSEED is currently offering the MEASSURE-X and -Premium systems with three different IDT
cameras: the 0S7-V3-S1, the NXA4-S1, and the CCM-1510 camera. The OS7 and NXA4
cameras are monochrome systems with 1920x 1280 pixels image resolution at 1350 fps (frames
per second) at full frame for the OS7, and 1024 x 1024 pixels image resolution at 1000 fps at full
frame for the NXA4 camera. The CCM camera offers a color image with 1440x1024 pixels
resolution at 2000 fps at full frame. Higher frame rates can be achieved for smaller frames.
From left to right, the images below show the different components of the imaging module of
MEASSURE systems: the OS7-S1 camera, the NXA4 camera, the CCM camera, the breakout

cable, and a 24 VDC power supply.

(d)

Fig. 2: (a) The OS7-S1 camera, (b) the NXA4 camera, (c) the CCM camera, (d) the breakout

cable, and (e) a 24VDC power supply.

To connect the camera, do the following:

1) For the OS7 and NXA4 cameras: Once the camera has been fixed on the MEASSuURE
frame, connect the 19-pin LEMO connector end of the breakout cable to the back of

camera.

Fig. 3: A connected OS7 camera and a schematic of the camera connections.
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GPS SMA Connector

19-pin LEMO

connector ~ Trigger SMA Connector

Trigger Indicator LED
Power Indicator LED
Sync In Indicator LED

GPS Indicator LED

Battery Indicator LED Sync Out Indicator LED

Charger Port Power Button

4‘.
g
) \
I
' o8
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Fig. 4: A connected NXA4 camera and a schematic of the camera connections.

For the CCM-1510 camera: Once the camera has been fixed on the MEASSURE frame, use
the USB-C to USB-C cable to connect the camera to the USB-C to 19-pin adapter. On the
other end of the adapter, connect the 19-pin LEMO connector end of the breakout cable.

IJOUINOD 198 aH
vEaNYD

—
O
o || (81 _USBC
L Adapter
o —]
) [I:ﬁl o
1 r— i 8

Fig. 5: A connected CCM camera and a schematic of the camera connections.

When connecting the LEMO connector, line up the notches on the LEMO connector with
the recesses on the camera. Secure the connection by turning the screw nut (Fig. 5,
bottom right).
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2) Connect the Ethernet cable connector end of the breakout cable to the network card on
the PC or MAC computer. Shown in a cyan circle in the picture below (Fig. 6).

L2

y i \

Fig. 6: Ethernet cable connections.

3) Connect the 4-pin DIN connector from the 24V Power Supply to the matching DIN power
connector on one end of the breakout cable. Shown in a red circle in the picture above
(Fig. 6).

4) Leave the SMA cables/connectors (i.e., "Sync-in”, “Sync-out”, or “Trig in”) unconnected as
shown below (Fig. 7).

Fig. 7: SMA connectors in breakout cable

5) Once confirmed that all previous connections are securely fastened, plug the AC power
cable from the power supply to a wall outlet (Fig. 8).

Fig. 8: Power adapter plugged to outlet.
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3 Camera Software Setup Instructions
The IDT Motion Studio x64 software is used to control all three cameras.
3.1 Download and Install the Motion Studio x64 Software

1) Download the Motion Studio x64 software at:
https://idtvision.com/products/software/motion-studio/?cn-reloaded=1

2) Scroll down until you see the yellow download links. Select the Full Package of the Motion
Studio 2 download for your operating system (e.g., "Download Windows 64 bit” in Fig. 9).

Br Motion Studio - IDT Vision X +

C @ idtvision.com/products/software/motion-studio/?cn-reloaded=1 2 % » 0O

Motion Studio

Motion Studio

o

MOTION STUDIO

OVERVIEW

DOWNLOADS MANUALS NOTES ARCHIVES

The Motion Studio Software Suite includes applications for the operation of the X-Series, M-Series, Y-Series, N/NR-
Series, NX-Series, and the all new OS Series digital cameras, the MotionPro Timing Hub (Synchronization Unit) and the
MotionPro Data Acquisition System (DAS) module. For the advanced user, it includes an SDK (Software Development
Kit), plug-ins for National Instruments LabVIEW™ and Matlab™ as well as documentation and examples

Motion Studio 2.16.05 Motion Studio 2.16.05 IDT Camera SDK 2.16.03  Motion Studio 2.16.05

Download Windows 32 bit Dowinload Windows 64 bit Download Win32/x64 Download Windows 32 bit
Full Package Full Package Full Package Demo Package n
53.94 MB 60.70 MB 12.44 MB 21.88 MB

Fig. 9: IDT website with available software downloads (screenshot taken on 04/25/22).
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3) Run the downloaded installer file (e.g., "mstudio64_21605") and follow the prompts on
the Motion Studio x64 Setup installer.

W = =
0
Welcome to the Motion Studio x64
Setup Wizard
This will install Motion Studio x64 2. 16.05 on your computer,
It is recommended that you dose all other applications before
continuing.
Click Next to continue, or Cancel to exit Setup.
r
= Select the language to use during the
installation:
English v
_ Cancel - Cancel
A A 4
= I 4
L5 L)
License Agreement Language
Please read the following important information before continuing. DT Select the language used in Motion Studio DT
Please read the following License Agreement. You must accept the terms of this Please spedify the language, then diick Next.
agreement before continuing with the installation.
© Engiish
INTEGRATED DESIGN TOOLS, INC. O Deutsch
GENERAL TERMS AND CONDITIONS OF END USER LICENSE O rtaliano
AGREEMENT O Japanese
READ THIS CAREFULLY BEFORE INSTALLING THE
PRODUCT
By installing or otherwise using the Software, you agree to be bound
() Ido not accept the agreement
< Back Cancel <Back Cancel
.
D
Ready to Install C leti he Moti Studi 64
Setup is now ready to begin installing Motion Studio x64 on your computer. lm' ompleting the Motion udio x

Setup Wizard

Setup has finished installing Motion Studio x64 on your
computer. The application may be launched by selecting the
installed shortcuts.

Click Install to continue with the installation,

Click Finish to exit Setup.

< Back W Cancel
Fig. 10: Motion Studio x64 setup/installer windows.

10| Page



Imaging Module Manual

3.2 Protocol for Software Initial Setup

1) If using the NXA4 camera, prior to loading the software, turn on the camera by clicking
the “On/Off” button, circled in cyan in the picture below. The power LED, circled in red,
should lit up.

If using the OS7 and CCM cameras, simply plugging the power cord should turn them on.

- CCmin; 1510

(a) (b)
Fig. 11: The (a) NXA4 and (b) CCM cameras powered on.

2) Open the Motion Studio x64 software.

3) After a few seconds the Main Menu window will pop up. Select "Cameras” and click "OK".

Main Menu X

IDT Stupio

Images
Open a movie file or a sequence of saved images and process it.

Cameras
Open a camera session, acquire images and save them.

RAW Files
Open and display a raw sequence before converting it.

Database
& 15 Browse images folder and preview images.

S ) Options
7\_' Configure Motion Studio general options.

Language
Change Motion Studio language.

[ Show this dialog box at startup.| Most recent files... -

Fig. 12: Motion Studio’s Main Menu window.
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4) Using the IDT camera 0S7-V3-S1, the NXA4-S1, or the CCM-1510, place a checkmark on
the option “"MotionXtra N/NR/NX/0OS/CC on Giga-Ethernet” and click "OK”. The computer
will then search for all connected cameras.

Note: The other options could either be enabled or disabled.

Camera Enumeration Filter ? X

Check the camera types you wish to detect, uncheck
the others:

[MMoationPro X on USB 2.0,
MotionPro X on Giga-Ethernet.
[ MotionPro Y on USB 2.0.
MotionPro Y on Giga-Ethernet,
[ Motionxtra N/NR/NX/Os/CC on GigaEthernet. ]
MotionScope M on Camera Link.

MotionXtra HG on Giga-Ethernet.
MotionXtra Legacy on Giga-Ethernet.

X-Stream PCle on PCle.

IlII Cancel

Fig. 13: Selecting the types of cameras to detect.

5) When connecting your computer with the camera for the first time or after the camera has
been used on a different computer, the following warning will pop up. Click "OK".

Warning

X

If a camera is marked with an exclamation mark on a yellow triangle, its
IP address is not compatible with the network adapter IP address.
Select the camera from the list and click the "Edit IP Address..." button.

Fig. 14: IP address warning indicating incompatibility between the camera and the
computer’s network adapter IP address.

6) In the “Open Cameras”

window, you will see the "0S-S7 Camera,” "NXA4-S1 Camera,” or

“"CC-1510 Camera” listed. If you see the warning symbol (i.e., a yellow triangular sign
with an exclamation mark) as in the screenshot below, select the camera in the list and
click to the “Edit IP Address” button before proceeding to the next step.

If you do not see the warning symbol, proceed to step 13) of this protocol.
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Open Cameras ? X

Select the cameras from the list below:
Camera Model Plus Serial IP Address Type License Link
M 1-NXA4-S1Cam,,. MotionXtra N4-S1 No 02-0419-1692 169.254.21... mono OK GigaBit
Refresh List Enumeration Filter... Select al Deselect all Camera Info...
Camera Name... Edit IP Address... Activation Key...
Interface:  Expert v ate Camera List [[JRreset camera(s) configuration.

Fig. 15: The "Open Cameras” window showing the detected cameras (e.g., NXA4) and
yellow warning symbol.

The “Edit IP Address” window will pop up. Here you can manually define the camera’s IP
Address and Subnet Mask as it is connected in the computer’s Ethernet port.

You must identify your computer’s Ethernet adapter’s IP Address and Subnet Mask. If
using a PC, type “cmd” in the Start menu. This should open the Command Prompt
window. Type “ipconfig/all” and press [Enter]. Info of the different adapters will appear.

IMPORTANT: The adapter of interest is the one corresponding to your Ethernet port,
typically labeled “"Ethernet adapter Ethernet” as shown by the green underline and
checkmark in Fig. 16 below. Note that this might vary slightly depending on the
computer.
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Command Prompt — ] X

Microsoft Windows [Version 10.8.17134.7@6]
(c) 2018 Microsoft Corporation. All rights reserved.

C:\Users\Owner>ipconfig/all
Windows IP Configuration

Host Name . . . . . . . . . . . . : DESKTOP-@840N1K
Primary Dns Suffix 3

Nede Type . . . . . . . . . . . . : Hybrid

IP Routing Enabled. . . . . . . . : No

WINS Proxy Enabled. . . . . . . . : No

DNS Suffix Search List. . . . . . : gatewaycc.edu

Ethernet adapter Ethernet:

Connection-specific DNS Suffix :

Description . . . . . . . . . . . : Intel(R) Ethernet Connection I218-LM
Physical Address. . . . . . . . . : 34-E6-D7-35-08-F8

DHCP Enabled. . . . . . . . . . . ! Yes

Autoconfiguration Enabled . . . . : Yes

Link-local IPv6 Address . . . . . : fe80::eld8:6af4:7134:1478%9(Preferred)
Autoconfiguration IPv4 Add S. . : 169.254.20.120(Preferred)

Subnet Mask . = oo

Default Gateway . S0 oo o B

DHCPve IAID . . . . . &« + « « &+ &+ 3 & 7

DHCPv6 Client DU

DNS Servers

Fig. 16: Finding the computer’s Ethernet adapter IP address.

Disregard the info of the other adapters listed. Examples of other adapters are shown by
the red underline and red crosses in the screenshot below.

B Command Prompt - O X

lWirele N adapter Local Area Conn
Media State . . . . . . . . . .. ig nected
i-Fi Direct Virtual Adapter #2
SC-AB

DH-CF‘ Enabled. . ~ o o
Autoconfiguration Enabled .

Dual Band Wirele

D Enabled. . .
Autoconfiguration Enabl

Default Gat
DHCP Server . .

Ethernet adapter Bluetooth Network Connection 2:

Media State . . . . . . . . . . . : Media disconnected
Connection-
scription . . . . . 500 a : Bluetooth Device (Personal Area Network) #2
ical Address. .
DHCP Enabled. . = e .
Autoconfiguration Enabled .

Fig. 17: Other network adapters that can be disregarded.

8) For the camera to be properly configured, the first three sets of numbers of the IP address
must match your Ethernet adapter’s IP Address (inside the green box in the screenshot
above). The last set of numbers can be any number between 1 and 255. In this
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example, the Ethernet’s IP Address is 169.254.20.120

. Thus, we set the Camera’s IP

Address to 169.254.20.100 by typing these numbers in the IP address tab of the “Edit IP

Address” window. The Subnet Mask of the “Edit IP A
default value of 255.255.255.0 set by the camera s

After updating the IP Address, click “Test IP Address”

for the camera to use.

ddress” window must remain at the
oftware developer.
to check if the address is available

Edit IP Address

X

Camera:

NXA4-51 Camera

MAC Address: [

00-25-16-00-55-83

IP Address: | 169 . 254 . 20

.100}

SubnetMask: | 255 . 255 . 255 .

o |

Test IP Address

Cancel

Fig. 18: Updating the IP address and subnet mask of the camera.

9)
the next step.

The “Info” window will pop up. If the IP Address is available, click "OK” and proceed to

Info

o The IP Address is available.

X

Fig. 19: Window indicating if the newly ent

If the IP Address is already taken, return to the previ
numbers of the IP address to a different value within

10) In the “Edit IP Address” window, click “"OK".

ered IP address is available.

ous step and set the last set of
1 to 255.

Edit IP Address

Camera:

NXA4-51 Camera

MAC Address: |

00-25-16-00-55-83

\ 169 . 254 . 20

IP Address:

.100|

o

SubnetMask: | 255 . 255 . 255 .

0|

Test IP Address

Cancel

Fig. 20: Clicking "OK"” after updating the IP address and subnet mask.
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The following “"Warning” window will appear. Click "OK".

'Warning

Continue?

= -

o The camera IP sddress will be updated and the camers restarted.

Fig. 21: Warning when the IP address is about to be updated.

The same “Warning” message as in Step 5) (Fig. 14) may appear. If it does, click "OK".
After a few seconds of reconfiguring, you will return to the "Open Cameras” window. The
warning symbol should no longer be there. If so, click "Open” and a window will indicate

that the software is initializing.

If the warning message is still there, return to Step 7) and set a new IP Address.

Open Cameras

Select the cameras from the list below:

Camera Model Plus Serial IP Address Type

Link

.lANXA-?-Sl Cam... MotionXtra NXA4-S1 No 02-0419-1692  169.254.20... mono

Refresh List Enumeration Filter... Select all Deselect all
Camera Name... I Edit IP Address... I Activation Key...

Interface:  Expert v Activate Camera List [[]reset camera(s) configuration.

Open

GigaBit

Camera Info...

Cancel

Fig. 22: List showing the detected camera showing no warning icons after the IP address

has been updated.

Mation Studio is initializing '0s7-51 Camera’. Please
Wait|

Fig. 23: Window showing the status as the software initializes the camera.
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13) The Motion Studio software will open and is ready to use.
Note: The screen may be dark if the light source is not turned on.

I Motion Studio - INXA4-51 Camera (NXA4-51 - GigaBit}]
B File Edit |mage Fiter Camera Data View Jools Wind:

ow  He
ENdy LR Q@

% Power Supply - Battery: 100%
Idle
Live  Plagback
9 4 12

Live Playback resolution:  Ful (1:1)

Acquisition Settings

Camera Record Image

Sensor Gain: | 1.00 v | Reset
Rate [Hz): 1000
Exposure us]: | 900 WP i
Exposure Mode: Sngle
[ arm Auto-exposure. EdtAE..
[ Arm Mosion-Trigger Edit MT..
Binning: Pixel Depth:

1x1 v 8 8it (upper)

ROI: 1024x1024

' ] TestSession (1/1)

3 Ready X:1035 ¥:1035 () Pixel Value: 0 (Oh)

Fig. 24: The Motion Studio main window after connecting to the camera.

14) Click the “Live” button to ensure the image is live.

Live...

o)l s JRd

Fig. 25: The “Live” button.
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4 Protocol for Software Initial Setup

The camera will be mounted into the frame as shown in Fig. 1 and Fig. 26.

LU 2

Fig. 26: The camera and other imaging components mounted to the MEASSURE frame.
Note: See Appendix A for the protocol to swap camera lenses and adapter tubes if necessary.

Looking at the camera from the top, we can define the x- and y-coordinates of the camera stage
as shown in the following figure.

S w3

[¥¢ 3

f
g

Fig. 27: Top view of the camera with the x- and y-axes displayed.
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Follow these steps for the initial setup of the camera and software.

1) The vertical z-position can be adjusted by loosening the two knobs following a counter-
clockwise motion (cyan in Fig. 28), moving the camera platform up or down, and re-
tightening the knobs (applying a clockwise motion). The camera is held in place by an
x-y stage which can be used to adjust the camera’s position.

4 x-y stage-

Fig. 28: Adjusting the camera position in all three axes.

Note: See Appendix B for a table listing working distances for various imaging hardware
configurations, which serve as references when finding an optimal vertical z-position.

2) Note the orientation of the sSMEA on the movable platform (simple mechanical holder in
Fig. 29 below) of the MEASSURE frame.

1
I
I
1
I
1
1
1

o
I;
I
L/
3

Reference

| electrodes

3 3 « B = P
Fig. 29: sMEA in the mechanical holder with the reference electrodes towards the front.
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Note the orientation of the sMEA as displayed in the camera image.

3 Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit)) O s

Camera ta v Tools V Help - & %

~

% Power Supply - Battery: 100%
Live..

Live  Plagback

o|[a ][]

LivePlayback resolution: F

Acquisition Settings

Camera Record Image

Sensor Gain:
Rate [Hz]: 1000
Exposure [us]: | 900 ME oK
Exposure Mode: Single
|
[[J Arm Auto-exposure. Edit AE...
: v | [JArm Motion-Trigger. EditMT...
3 Ready X:1063 v:0008 (@)

Fig. 30: Live view of the sMEA with Motion Studio with the x- and y-axes labeled. In this
example, the reference electrodes are located towards the back.

To adjust the orientation of the image so that it matches the physical orientation of the
SMEA on the platform: (i) right-click on the image; (ii) go to “Image”; (iii) click on
“Orientation”; (iv) select the corresponding rotation (in this example, “180 Degrees CW")
or flip; and (v) click *Ok.”

u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit)] O
e fan F Camera t t Tools W Help - || 8%
R::4
0w
* | B Power Supply - Battery: 100X
Live
Zoom » |
ve  Plagback
Zoom |n i —
Zoom Qut v ]
|
Dynamic Zoom e Playback resolution:  Full (1:1
Eull Size f
%5 Fitto Window }
Pan Tool : Acquisition Settings
|
limem Record Image
|
hsor Gain:
|
Annotations L
Nt 1000,
Image l Adjust » Y
S ]
Filter » Look Up Table... |
Tools 'I 2\ Orientation... Il b
1| _JArm Auto-exposure., Edit AE...
v | [JArm Motion-Trigger. EditMT..,
L Set the image orientation (Flip/Rotate) X:1078 Y:0353 'Q

Fig. 31: Adjusting the orientation of the image captured by Motion Studio.
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Image Orientation (Flip/Rota... ? X
Orientation
(O) No Rotation. [ Flip horizontally.

() 30 Degrees CW. [ Flip vertically.

() 90 Degrees COW. Reset

Cancel

Fig. 32: Options when adjusting the image orientation.

5) The orientation of the displayed image should match the physical orientation of the sMEA.

u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit)] a X

‘- e Edit je  Filte Camera ta ¢ Jools W Help .8 x

~

I Power Supply - Battery: 100%

Live..
Live Playback
o[ a ][»]

Live/Playback resolution: Full (1:1

Acquisition Settings

Camera Record Image

Sensor Gain:
Rate [Hz]: 1000
Exposure [us]: | 900 BT 1]
Exposure Mode: >ngie
[[J Arm Auto-exposure. Edit AE... |
. : v | [JArm Motion-Trigger. EdtMT...
3 Ready X:1338 v:0330 @

Fig. 33: Updated image with the orientation shown by the software matching the physical
orientation of the sMEA when viewed from the top.

6) Adjust the brightness of the light source (e.g., LED-50WY, AmScope) as needed. This is
particularly important when recording at a high frame rate since exposure time is limited
and at high magnifications when light is limited.

i I Motion Stucio - INKA-S1 Camera (NKA:S1 - Gigalit

o Power Supply - Battery. 100X
Live
Uive  Playback
9 -—4 »

Uve Playback reschsen:

Acquistion Seltegs
Camess  Hecord Image
Serox Gar:

Rate [zl

Expomre [La): | 90 TR
Expoture Mode:
1 Aem Auto expoeure. Ede A2
v  [lavmMoton-Trgger EdeMT
I3 Ready x1108 vooe 8

Fi. 34: Adjusting the image brightness using the external light source.
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5 Protocol to Record Videos

MEASSURE-X and Premium systems use IDT cameras (model 0S7-V3-S1, NXA4-S1, or CCM-
1510) to record videos.

5.1 Loading the Motion Studio x64 Software

1)  Open the Motion Studio x64 software.

2) In the pop-up Main Menu window, select "Cameras” and then click “"OK".

Main Menu X

Images
Open a movie file or a sequence of saved images and process it.

Cameras
Open a camera session, acquire images and save them.

RAW Files
Open and display a raw sequence before converting it.

Database
Browse images folder and preview images.

Options
Configure Motion Studio general options.

>

Language
Change Motion Studio language.

Show this dialog box at startup. Most recent files... E

Fig. 35: Selecting "Cameras” to open a camera session.

€

3) In the Camera Enumeration Filter, check the box “MotionXtra N/NR/NXQOs/CC on Giga-
Ethernet” and click “"Ok.”

Camera Enumeration Filter ? X

Check the camera types you wish to detect, uncheck
the others:

[CJMotionPro X on USB 2.0.:

rn

[IMotionPro ¥ on USB 2.0.
I:] MotionPro Y on Giga-Ethernet.

I [ MotionXtra N/NR /NX/Os/CC on Giga-Ethernet. I
|:| MotionScope M on Camera Link.

[IMotionXtra HG on Giga-Ethernet.
|:| MotionXtra Legacy on Giga-Ethernet.

[]x-Stream PCle on PCle.

Fig. 36: Selecting the types of cameras for Motion Studio to detect.
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4) In the Open Cameras window, check the box for the camera “"1-0Os7-S1 Camera,” “1-
NXA4-S1 Camera,” or “"1-CC-1510 Camera” and click "Open."

Open Cameras ? X

Select the cameras from the list below:
Camera Model Plus Serial IP Address Type License Link
; 1-NXA4-51Cam... MotionXtra NXA4-51 No 02-0419-1692  169.254.20... mono OK GigaBit I
Refresh List Enumeration Filter... Select all Deselect all Camera Info...
Camera Name... Edit IP Address... Activation Key...
Interface:  Expert v Activate Camera List [JReset camera(s) configuration.

Fig. 37: Opening the camera connected to the computer.

5) The software will load, and a camera snapshot will be displayed.

N

u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit)] — O X

B File Edit Image Filter Camera Data View Tools Window Help 3 X

ENdw LR = AN @

% Power Supply - Battery: 100X
Idle
Live  Plagback
] d v

LivePlayback resolution: Full (1:1) v

Acquisition Settings
Camera Record Image

Sensor Gan: | 1.00 v Reset
Rate [Hz]: 1000 . e
Exposure [us]: | 900 RP R
Exposure Mode: Single v

[J Arm Auto-exposure. Edit AE...

[[] Arm Motion-Trigger. Edit MT...
3 Ready x:1408 v:-002 (@
Fig. 38: Motion Studio’s main window showing a snapshot of the connected camera.
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5.2 Pre-Recording Setup

1) If necessary, adjust the camera’s height by loosening the handles (counterclockwise
rotation) and moving the camera stage up or down. Once adjusted, re-tighten the
knobs (clockwise rotation).

Fig. 39: Adjusting the vertical position of the camera.

2) Adjust the camera’s stage by physically moving the camera stage in the x- and y-
directions to center on the area of interest.

camera g

I .y stage
g stol W‘:

| X »' /
L R

e

b ()
Fig. 40: Adjusting the x- and y-positions of the (a) OS7 camera, (b) NXA4 camera,
and (c) CCM camera.

3) Adjust the zoom using the zoom control (shown in red in Fig. 41) on the camera lens.

i
Fig. 41: The Zoom 6000 lens and its zoom control and focus knob.

4)  Adjust the lens focus by using the focus knob (shown in cyan in Fig. 41).
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5.3 Protocol to Find the Flush Position

The flush position is the position at which:

a. the sample and the indenter are in direct contact;

b. the sample is at 0% strain, and where any movement of the sample in the negative z-
direction (i.e., towards the indenter) would result in a non-zero strain; and

c. the focus will remain constant as strain is applied to the sample.

The latter two conditions are especially important since some sMEAs might have a little sag in
their PDMS membrane. This bulging could be a result from previous stretching of the sample
or fabrication variability.

(side view)

1

Flat membrane Saggy membrane
Fig. 42: Side view of sMEAs displaying a flat (taut) and a saggy PDMS membrane.

BMSEED provides aluminum blocks with calibrated heights to be used for homing the VCA
and to aid in finding the flush position. For MEASSURE-X and -Premium systems, the
aluminum homing blocks have a calibrated height of 1 inch. For MEASSuURE-Mini
systems, the aluminum homing blocks have a calibrated height of 22 mm.

Use the calculations in Appendix C to get an initial estimate of the flush position. Itis
strongly recommended to verify the flush position using the voice coil actuator
(VCA) and camera to avoid any discrepancy between the desired/target strain and the
actual measured strain. Furthermore, the VCA and camera can be used to find a more
accurate flush position.

For the following protocol to verify or find the flush position, use MotionLab to control the
actuator and Motion Studio to monitor the sample.

1) Use the Motion Studio x64 software to adjust the camera position, zoom, focus, and
lighting to ensure that a clear image is obtained.

2) Using the computer connected to the voice coil actuator, open the MotionLab software
and home the VCA.

i. Open the MotionLab software.
ii. Select the “Jupiter” or “Pluto” drive depending on which drive you are using.
iii. Click on “Motion” to open the Motion sub-window.

iv. Click on the "Homing” tab.
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v. Set the homing method to “[-3] Negative mechanical limit” and click on the
[Enable Motor] button, to set the reference frame. The actual position should be
close to O um.

vi. Click on the [Disable Motor] button to finish homing the VCA.

IMPORTANT: Refer to Mechanics Module User Manual for further details on how
to operate the VCA.

In MotionLab, click on the “Position” tab and set the manual increment to 100 um.
Note that MotionLab will automatically modify the increment value based on the
conversion between “counts” and microns, as set by the “stroke” motor parameter.

Click the [Enable Motor] button.

Click the [+ Target Position] button five times to raise the platform holding the sample
by ~500 um.

Remove the two aluminum homing blocks underneath the platform.

Click on the [- Target Position] button five times to lower the platform back to ~0 um.

At this point, we are ready to find the flush position. To determine the flush position,
there must be no need to re-adjust the focus as you lower the platform holding the sample
and the indenter stretches the sMEA silicone membrane.

8)

9)

10)

Lower the sample by 1000 um by entering a value of "-1000" in the target position (in
Mm) or pressing the [- Target Position] button ten times.

Compare the ‘current’ image (i.e., at the position prior to lowering the platform) and
the ‘lowered’ image (i.e., at the position post lowering the platform by 1000 pm).

Fig. 43: Images showing loss of focus when a sample is moved down by 1000 ym,
indicating that the higher position is not the flush position.

If the lowered image gets out of focus, the position of the current image is not the
flush position. Thus, you should do the following:

i. Lower the platform from the current position by 100, 200, or 300 um. You can
decide this offset based on how much worse the focus gets. For example, if the
focus changes quite a bit, a larger shift/correction might be more efficient.
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ii. Treat this as the new ‘current’ position/image.
iii. Re-focus the image.
iv. Repeat steps 8) and 9).
If the lowered image remains in focus, proceed to step 11).
11) The position of the current image is the flush position. Take note of this position

as this represents the position for 0% strain, and further displacements of the VCA
should take this position as a reference.

1000 um, indicating that the starting higher position is the flush position.

For instance, in our example the flush position was determined to be z = -11000 um.
In this example, we were using the “no Ephys module” configuration, a 33.1 mm tall
indenter, and supporting rods that were 85.80 mm tall.

Fig. 45 below shows the camera image with the sequence: 8 mm below the flush
position, 4 mm below flush (releasing strain from the previous image), and back at
flush position.

——?”
Lot

P WA 8
L A
vt
U “

VAR St

2
3
.
g
A

Fig. 45: Verifying the flush position by examining the focus as the VCA is moved.

Note: See Appendices D and E for two additional examples on how to determine the
flush position.
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5.4 Setting Up the VCA prior to Video Recording

Using the determined flush position and the protocol described in the Mechanics Module
User Manual, set the VCA’s movements. Any prescribed motions of the VCA should be
based on this flush position. Adjust the VCA parameters accordingly. The two main types
of mechanical stimulations are:

1. Impulse stimulation: The platform moves quickly to a target position and then back
again to the flush position. The user can specify the target position, profile parameters
(i.e., velocity, acceleration, deceleration), and controller parameters (i.e., PID gains).
Typically, this type of stimulation is ‘very fast’ and runs once for a very short period
(e.g., <100 ms).

2. Cyclic stimulation: The platform moves following a sinusoidal profile. The user can
specify the baseline position, amplitude, and frequency of oscillations. Typically, this
type of stimulation is ‘slow’ but runs for longer periods of time, ranging from a few
hours to days.

The user may control the VCA through the MotionLab GUI or pre-programmed macros.
5.5 Saving an Image

Motion Studio allows the user to easily save images.

1)  Once the software has loaded, click on the “Live” button (i.e., » icon) in the “Live” tab.
When not recording, the status bar will display the camera status as “Idle.”

n Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit)] (W]

i.[«ie Edit Image Filter Camera Data View Tools Window Help

|
J0 6 @
E0E B> e Q@

2% Power Supply - Battery: 100X
Idle
Live  Plagback

9 4 D

LivePlayback resolution: | Full (1:1)

Acquisition Settings

Camera Record Image

Sensor Gain: 1.00 v Reset
Rate [Hz]: 1000
Exposure [us]: | 900 HE %l

Exposure Mode: Single

[[] Arm Auto-exposure. Edit AE...
[[] Arm Motion-Triggesr. Edit MT...
| Ready X:1408 v:-002 (B

Fig. 46: Enabling the “Live” view.

2) Make sure the area of interest is being displayed and that the image is in focus. If
necessary, adjust the settings of the camera and/or those of the VCA.
Note: the status bar will now display “Live...” in red font.
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u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit))
E - t 3G ter Camera t Tools Help

5 Power Supply - Battery: 100%
Live..

Live  Plagback

ol = |7

Live Playback resolution: F

Acquisition Settings

Camera Record Image

Sensor Gain:

Rate [Hz): 1000

Exposure [us]: | 900 M 4t
Exposure Mode:

[[J Arm Auto-exposure. Edit AE...
[[] Arm Motion-Trigger. Edit MT...

| Ready X:1142 v:-006 (B
Fig. 47: “Live” view from the connected camera.

3) Once the image is ready to be captured click the “Stop” button (“Live” tab). The last
image or frame from the live session will be displayed. Note: status returns to “Idle.”

3 Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit)) a X

z.fnle Edit Image Fiter Camera Data View Tools Window Help

LB = 84 @

'T‘,%. " —i % Power Supply - Battery: 100%
o
t/(; o _ 1dle
% Live Playback
s 2 s

Live Playback resolution: | Full (1:1) v

\
MR

R 1120 T )

W N AR R e O g

Acquisition Settings

Camera Record Image

Sensor Gan: | 1.00 v Reset
Rate [Hz): 1000
Exposure [us]: | 900 M Ml

Exposure Mode: Single
[J Arm Auto-exposure. Edit AE...
[C] Arm Motion-Trigger. EdtMT...

X:1142 v:-006 (B

Fig. 48: Last image stored before the camera’s live view was stopped.

| Ready

4)  On the main menu, go to “File” and click “Save snapshot.” A pop-up message saying
“Motion Studio is saving a snapshot image. Please wait.” will be displayed.

5) Once the pop-up window closes automatically, the snapshot will be saved and ready to
view. To find the location where the images are saved, click on “Tools” and then
“Options.” The directory is displayed under “Image Download Folder.”
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Options ? X

| i

Cameras  Miscellaneous

' Download

Images Download Folder:
| C:\Users\Public\Documents\IDT \MotionStudio\Images), Browse...

[CJpownload and create AVI.
AVI Download Folder:

C:\Users\Public\Documents\IDT\MotionStudio \Images Browse

[CJEnable RAW download. Delete RAW file after conversion,
Convert RAW file later
Suspend raw conversion during download
[CJEnable JPEG download (if supported by cameras).
Save acquisition data into the image file.
Save ISO files (MME/MII). Edit 1SO...

E] Download images after acquisition and stop.
[]Download images after acquisition and restart 0 times.
¢ de start and stop image indexes
100

[] After recording, automatically arm the camera and switch to next segment.

o]/ cme

Fig. 49: The Options window showing the directory where files are saved to.

5.6 Recording a Video

Once the VCA has been set to apply the desired mechanical stimulus, a video can be
recorded.

1)

2)

It is highly recommended to perform one or multiple preliminary stretches to ensure
the area of interest is always captured by the camera and displayed in the Motion
Studio x64 window. If not, make sure to make any corrections with the movable stage
and lens zoom control.

Image Optimization: Under the “Acquisition Settings” menu, there are three tabs
with setup parameters for the recording of the video. Set the different parameters
accordingly. Here is a brief description of some of these parameters.

Note: A more detailed image optimization protocol is presented in Section 6.
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Camera Record Image Camera Record Image Camera Record Image
Sensor Gain: | 1.00 v Reset Record mode: Circular v
ol Frames: BROC Len: . .
Paufier |00 [N 200 | 0.200000 | 10 R—
Exposure [us]: | 900 KE | +%f Frame Sync: Internal o FF
Exposure Mode: Single v Sync Cfig: Edoe-Hich Sharpen: [ | | 0.0
Brightness: 0.00
[[Jarm Auto-exposure. Edit AE... Trigger Cfg: Switch Closure v y |
Contrast: 1.00
Il:l Arm Motion-Trigger. Edit MT... Trigger Adjust Advanced... '
Binning: Pixel Depth: '
1x1 ~ | 8Bit (upper) v
e Pre-Trigger Post-Trigger
IRO“ | 1024x1024 (180°) | 18] 50 | [ (50 ms) 50 / 150 (150 ms) Gamma... | LUT... Default
'iﬂ' TestSession (1/1) ‘;ﬂ' TestSession (1/1)

(a) R (b) (©)

Fig. 50: The different tabs of the acquisition menu that show camera parameters.

e "Camera” tab:

o

o

o

o

The recording rate and exposure time are critical to obtain a clear recording.
The greater the rate, the darker the acquired image will be. Thus, itis
important to have a powerful light source to provide enough illumination. For
lighting purposes, you want to maximize exposure time. However,
keep in mind that larger exposure times also increase motion blur.
Thus, a good balance is needed. Rate and exposure time are inversely
related. For example, if recording at a rate of 1000 Hz, exposure time cannot
be greater than 1 ms (as shown Fig. 50a).

The low light button (the yellow/orange sun button) will change the rate to
30 fps and the exposure time to its maximum.

The Arm Motion-Trigger checkbox and Edit MT... button allow the user to setup
a trigger during the mechanical stimulus. The former should be checked. The
latter opens the Motion-Trigger window. The trigger mode should be selected
to “"Motion Detection” and the trigger level should be set appropriately (the
more to the left the level is set, the more sensitive the trigger will be).

Motion-Trigger n
Trigger mode: Mation Detection v
Trigger Level: '

Signal Strength:
Fig. 51: The “Motion-Trigger” window to set the trigger mode and sensitivity.

The region of interest, or ROI, can be specified as well to change the resolution

of the acquired images/frames. Select the tab with the red square (“!) to make
changes to the ROI. The camera needs to be in “Idle” mode to change the ROI.
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o The “"Arm Auto-exposure” must remain unchecked as enabling this feature
results in the camera automatically adjusting the exposure to match the
average value in the specified region of interest.

e "Record” tab:

o In this tab, the number of frames to be recorded can be specified.
Note: Dividing the number of frames by the recording rate (from the “Camera”
tab) determines the total duration of the recording.

o The pre-trigger frames specify the number of frames that will be recorded prior
to the trigger being activated. The post-trigger frames are calculated and
displayed next to the pre-trigger frames.

o Setting Record mode to “Circular” results in the camera waiting for an event
trigger to complete the acquisition and restarting when the memory is filled.

o The parameters Frame Sync, Sync Cfg, Trigger Cfg, and Trigger Adjust are
currently not used with MEASSURE systems.

\!

e "“Image” tab: Use the sliders to change the sharpness, brightness, and contrast of
the acquired frames.

3) Set the VCA so that it is ready to perform the motion of interest.

4) In this step, there are two different ways to start or trigger the recording: i) manual
triggering with the “Camera trigger” button, or ii) automatic triggering with the “Motion
trigger.” Each method is described below. At the end of this step, the frames will
be stored in the camera memory and subsequently be saved to the computer.

i. Manual triggering using the “"Camera trigger” button:

e In the “Live” tab, click the “Record (Arm)” button. Ensure that “"Arm Motion-
Trigger” is unchecked.

u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit)] — ]} X
@ File Edit |mage Filter Camera Data View JTools Window Help - & X

% Power Supply - Battery: 100%
Armed (Waiting for trigger)...
Live  Playback

Live/Playback resolution: Full (1:1

Acaquisition Settings
Camera Record Image
Sensor Gain:  1.00
Rate [Hz]:
Exposure [us]: ) 5f  %f

Exposure Mode:

Binning: Pixel Depth:
ix1 8 Bit (upper

& ROL: | 1024x1024 (180%)
3 Ready X1146 v:-001 @8
Fig. 52: Arming the camera to wait for a trigger to record.
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Note: The status will change to “"Armed (Waiting for trigger) ...” in red font.

Right before executing the VCA motion, click the “"Camera trigger”
button (orange checkmark button) in the “Live” tab to start the video

recording.
Note: The motion of the VCA must be completed within the specified camera
recording duration.

u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit)] — O X
@ File Edit |mage Filter Camera Data View Jools Window Help - & X

I Power Supply - Battery: 100%
Armed (Waiting for trigger)...
Live  Plagback
) Ml

Live/Playback resolution: Full (1:1)

Acaquisition Settings
Camera Record Image

Sensor Gain: | 1.00
Rate [Hz]:
Exposure [us]: ) y5f o%f
Exposure Mode:  Single ®
Arm Motion-Trigger Edit
Binning: Pixel Depth:
ix1 8 Bit (upper)

ROL: | 1024x1024(1809 |

X146 v:-001 @)

Fig. 53: Clicking the “"Camera Trigger” button to manually start video
recording.

In the “Info” pop-up window, click “"OK".
Note: the status will now display “Images in Memory” with a red font.

u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit)] = O X

.Elle Edit |mage Filter Camera Data View Tools Window Help - &8 x

'.;WE;JH r.’x‘ﬁ“% ‘| @ 8 &

% Power Supply - Battery: 100%
Images in memory

Live  Plagback

oI =l

LivePlayback resolution: | Full (1:1) v

Info

0 The images have been successfully acquired.

Acaquisition Settings
Camera Record Image
Sensor Gain: | 1.00 v Reset
Rate [Hz]: ‘ 1000 v 3
Exposure [us]: | 900 ME | et
Exposure Mode: Snge v &
[[] Arm Auto-exposure. Edit AE...

[[] Arm Motion-Trigger. EditMT...
Binning: Pixel Depth:
1x1 v 8Bit (upper) 2

Ron: [1024x1024(1309 | [ g

X:1243 v:-002 (@)

Fig. 54: “"Info” window showing that the images were successfully recorded.
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Automatic triggering using the “Motion triggering” feature - Recommended

The Motion Trigger feature allows the user to trigger the camera to record images
automatically when the VCA motion starts. This is the recommended procedure for
recording images while stretching the sMEA because it does not require the user to
manually trigger the camera prior to triggering the VCA motion.

e In the “"Camera” tab, click the “Edit MT ...” button. MT stands for Motion
Trigger.

u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit)] — (]} X

.El!e Edit |mage Filter Camera Data View Tools Window Help - 8 x
¥>» 4 VA e @
EnlvuH K= @ & @
agfs L " . 3 . "

I Power Supply - Battery: 100%

Images in memory

Live  Plagback
9 4 2

LivePlayback resolution: | Full (1:1) v

Acquisition Settings

Camera Record Image

Sensor Gain: | 1.00 v Reset
Rate [Hz]: ‘ 1000 v *
Exposure [us]: | 900 BRI 1
Exposure Mode: Single v/ ®
[[Jarm Auto-exposure. Edit AE....
CJm Mobon-Trigeer) | EdtmT... |
Binning: Pixel Depth:
x1 v | | 8Bit (upper) v
Lo e, ROL | 1024x1024 (180%) o]
3 Ready X1272 v:0528 (@)

Fig. 55: Accessing the motion trigger parameters by clicking “Edit MT.”

e In the “Motion-Trigger” pop-up window, you can change the Trigger mode
parameter, which sets how the camera is triggered, as well as the Trigger
Level, which set the sensitivity of the trigger. The latter one refers to the
sensitivity of the trigger.

Motion-Trigger [ Motion-Trigger =]
Trigger mode: | Motion Detection - Trigger mode: [Motion Detection v]
Awerage Intensity change
Trigger Level: Average Intensity increase ITrigger Level: G

Average Intensity decrease
Signal Strength: [V} Signal Strength:

Fig. 56: Setting the trigger mode and trigger level in the “"Motion-Trigger” window.

We recommend using the Trigger Mode “"Motion Detection” and a low-medium
setpoint for the Trigger Level.

Note: While this window is open, the sensitivity can be tested in real-time. For
instance, you may perform a slow motion with a short travel in the VCA. If the
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signal strength is larger than the trigger level, the trigger would have been

activated.

Once you have set these parameters, close the “Motion-Trigger” window.
Note: the "Arm Motion-Trigger” will now be checked.

u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit)]

-Elle Edit Image Filter Camera Data View Tools Window Help

ENEuH

F
-“: 4"

ol LR

I Power Supply - Battery: 100%
Images in memory
Live  Playback
9 4 4
Live/Playback resolution: | Full (1:1) v

Acaquisition Settings
Camera Record Image
Sensor Gain: | 1.00 v Reset
Rate [Hz]: 1000 v| | %
Exposure [us]: | 900 S et
ExposureMode:  Singe v (&)
[J Arm Auto-exposure. Edit AE...

IArm Motion-Trigger, l I Edit MT... I
Binning: Pixel Depth:
ix1 v | 8Bit (upper) v

ROI: 1024x1024 (180°) aj

X:0698 Y:0004 (@

Fig. 57: After setting the motion trigger parameters, the "Arm Motion-Trigger

”

option will be enabled (checked) indicating the automatic trigger has been set.

It is recommended to capture images before the VCA motion starts to ensure
that pre-stretch images are available for strain analysis. Use the Pre-trigger
function in the “"Record” tab to capture images pre-trigger.

Camera Record |mage

Record mode: Circular v

Frames: BROC Len:
200 0.200000 s

Frame Sync: Internal v

Sync Cfg: Edge-High

Trigger Cfg: Switch Closure v

Trigger Adjust Advanced... )

Pre-Trigger Post-Trigger
50 (50 ms) 50 / 150 (150 ms) |
";ﬁ TestSession (1/1)

Fig. 58: Recording parameters in the “Record” tab.
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Important: The number of frames and pre-trigger frames are set depending
on the motion being recorded.

Example #1: If an impulse stretch with a strain of 5% at a rate of 1/s is
applied, it takes 50 ms for the VCA to apply the stretch and another 50 ms to
return to its starting position. Thus, a recording should be at least 100 ms
long. As in Fig. 58 above, with a rate of 1000Hz, the total humber of frames
can be set to 200 and the pre-trigger frames to 50.

Example #2: If an impulse stretch with a strain of 50% at a rate of 50/s is
applied, it takes 10 ms for the VCA to apply the stretch and another 10 ms to
return to its starting position. Thus, a recording should be at least 20 ms long.
With a rate of 1000Hz, the total number of frames can be set to 60 and the
pre-trigger frames to 20.

Although frames where no stretch is being applied are recorded, these will be
trimmed off (or removed) when saving the acquisition later. Removing
unnecessary frames is highly recommended since video files and image
files can be quite large.

In the “Live” tab, click the “Record (Arm)” button.

Note: If images are already stored in memory, the following warning window
will pop-up. In that case, click the “Yes” button. The status will change to
“Armed (Waiting for trigger) ...” in red font.

Warning ? X I Power Supply - Battery: 100%

: Armed iting for tri
A sequence of images is stored in the selected e Wanvo T wnaoe
memory segment. Continuing with this operation Live Playback

will overwrite the sequence. Continue?
d

Live/Playback resolution: Full (1:1

[(JDo not show this message again.;

Yes No

Fig. 59: After clicking the “Record (Arm) button, a warning message will
appear and the status changes to "Armed (Waiting for trigger) ...".

At this point the camera will be waiting for motion to be detected to
start recording. When ready, press the "VCA go” button in the
electronics enclosure for the VCA to start the desired motion.

Once a motion has been detected, the camera will record and store images
post trigger. The rate, number of frames, and duration of the recording
depends on the specified settings. In the Info pop-up window, click "OK.”
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u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit)] = (m] X

.Elle Edit |mage Filter Camera Data View Jools Window Help g x
&> VB e @

TR EEHONE «~ AR

.. :' K X I Power Supply - Battery: 1002

Images in memory
Live  Plagback

[e] a »

LivePlayback resolution:  Full (1:1) v

Acquisition Settings
Camera Record Image
Sensor Gain: | 1.00 v Reset
Rate [Hz]: ‘ 1000 v 3
Exposure [us]: | 900 uf | |t
ExposureMode:  Singe v (&)
[[] Arm Auto-exposure. Edit AE...

[4] Arm Motion-Trigger. Edit MT...
Binning: Pixel Depth:
1x1 v | | 8Bit (upper) S

ROIL: 1024x1024 (180°%) (=]}

O Ready ] - - X:0893 v:-001 (@@
Fig. 60: After a recording is completed, the “Info” window pops up.

The last saved image will now be displayed in the main window.

Once a recording has been stored into the camera memory, the recording can be
saved to the computer. Click “File” on the main menu and click “Save Acquisitions.”

In the “Save Acquisitions” pop-up window, settings to the exported video and
images/frames can be specified. The Session name and File Type can be set.
Note: To see the file type options shown in Fig. 62, ensure that "Enable RAW
download” remains unchecked in the Options window (Fig. 49).

H Save Acquisitions (NXA4-S1 Camera) ? X
I Session name IAssngnmesamena'netoacmnon.
Available disk space 323.5GB
Directory Images File Type  Comment
[ 1- TestSession_001 -50 to 149 TIFF Image acquisition
Disable the automatic generation of folder names (_001, _002
Selected acquisition settings
Acquisition TestSessior
[] session Name.
Image Prefix NXA [ camera Name.
Comment Image acquisition ]
I File Type TIFF File (*.tif) VI Codec
Output Pixel Depth |8 bit v | Ratefps] [s
-50 "y
Images 50 } ‘ ﬁ ‘ 149
an J e
[[Jreset Frames Numbering.

| C: VJsersPLblic\Docwnents\DT‘MothhJcio\[mages\TestSession\Tesﬁesson_

Download options... | | Time Stamp... Exit
Fig. 61: The “"Save Acquisitions” window.
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For the file type, saving it as a TIFF file or PNG file would only save each individual

frame. Selecting an AVI file would only save a video file at the rate specified by “Rate
[fps].”

Codec.

Output Pixe 5

199

llER

b TestSession]

| Multipage Compressed File (*.mcf) m‘ = oql
Audio Video Interleaved - AVI (*.avi)

Download opticf Weinberger Sequence File (*.bld) ] Exit

Moving Pich xperts Group (*.mog)

Fig. 62: The differen options of output file types.

Important: For most computers, you need to select an “Output Pixel Depth of “8 Bit”

even though the images are acquired with 12 Bit. Most computers cannot process
12 Bit pixels and the image files get corrupted.

kel Save Acquisitions (NXA4-S1 Camera) ? X
Session name [“] Assign the same name to acquisition.
Available disk space 323.5GB
Directory Images File Type Comment
[ 1-TestSession_001 -50 to 149 TIFF Image acquisition
Disable the automatic generation of folder names (_001, _002
Selected acquisition settings
Acquisition T
[[] session Name.
Image Prefix NXA4-S1 Camera 4 camera Name.
Comment Image acquisition |
File Type TIFF File (*.tf) v Codec
| oututpelDesth sbi v|| ratetsl  [s ]
T "9
Images | -50 ‘ ﬁ ’ 149
L I U )
AVI 50 | %@A 149
[[JReset Frames Nunl;emg
| C:\Users\Public\Documents\IDT MotionStudio \Images\TestSession \TestSession
Download options... = Time Stamp... Exit

Fig. 63: Output Pixel Depth must be set to "8 bit” to avoid issues
when opening the image files.

After specifying these parameters, click the "Download options...” button in the “Save
Acquisitions” window. The “Options” pop-up window will appear.

Make any changes to the download/export setup and click "OK.”

Note: the download folder will be displayed and may be changed by clicking the
“Browse...” button.
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Options

Download

| Download

Images Download Folder:
C:\Users\Public\Documents\IDT MotionStudio\Images\
[Joownload and create AVI.

Browse...

AVI Download Folder:

sers Yubic \Documents \ID iotionStu

Convert RAW file later ot

[[] suspend raw conversion during download.

[ Enable JPEG download (if supported by cameras).
[] Save acquisition data into the image file.

Save ISO files (MME/MII).

[[] pownload images after acquisition and stop.
[:l Download images after acquisition and restart 0

‘ernige start and stop image ingdexes

[“]Enable RAW download.] [ Delete RAW file after conversion.

Edit 1SO...

times.

[C] after recording, automatically arm the camera and switch to next segment.

= o

Fig. 64: “"Options” window to specify output file parameters.

Back in the “Save Acquisitions” window, click the "Time Stamp...” button. The “Time
Stamp Configuration” pop-up window will appear.

It is highly recommended to add a time stamp to each of the saved frames. A sample
time stamp could have the following setup:

For the "Common settings,” we suggest the following:

02 - Frame Number: “"Bottom/Left” position
08 - Date: “Top/Left” position

09 - Time: “Bottom/Left” position

10 - Time from Trigger: “Bottom/Left” position
12 - Rate: “Top/Left” position

13 - Exposure: “Top/Left” position

18 - Resolution: “Top/Left” position

Font: Arial

Size: 72

Color: Black
Background color: White
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Time Stamp Configuration

Value
[ 01 -Logo Position: Top/Left v
02 - Frame Number

[] 03 - Comment

[] 04 - File Name

[] 05 - Camera Name

[[] 06 - Serial Number

[J 07 - 1P Address

&fos -pate |
09 - Time

[ 10 - Time from Trigger

[ 11 - Time from acquisition start

Show inimages:  Allimages v

[ 12-Rrate
[ 13 - Exposure
[] 14 - Temperature
[ 15 - RiG/GPS/PTP Common settings
[] 16 - Acquired DAS value Fort:: 1R »
[ 17 - Marker
[ 18 -Resolution Sze: |72 ~| Color: |[] v|
[[] 19 - Test Session Name - =
Background color:
] Transparent.
Select All Deselect Al [[] Add header offset to image.
e [[] Add footer offset to image.

Fig. 65: "Time Stamp Configuration” window to edit each frame'’s time stamp.

After updating the parameters, click "OK.”

Back in the “Save Acquisitions” window, click the “"Save” button. Ensure the File Type

is set to "RAW - Convert file later” to save the recording as a RAW file.

Fig. 66: Setting the output file type to "RAW.”

H Save Acquisitions (NXA4-S1 Camera) X
Sessionname | TestSession ] Assign the same name to acquisition.
Available disk space 323.5GB
Directory Images Comment
E 1 - TestSession_001 -50 to 149 Image acquisition
Disable the automatic generation of folder names (_001, _
Selected acquisition settings
Acquisition TestSession
[[] session Name.
Image Prefix NXA4-51 Camera [ Camera Name.
Comment [ Image acquisition ]
| FieType  RAW - Convert fie later vI Codec.
Output Pixel Depth |8 bit v Rate [fps] 5
50 149
Images [-50 | |_ﬁ._‘
AVI -50 | ﬁ ‘ 149
[[]Reset Frames Numbering.
[ C:\Users\Public\Documents\IDT\MotionStudio \Images\TestSession \TestSession
Download options... Save Exit
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13) The “"Download Manager” window will pop-up and display the saving progress bar.

Download Manager n
Camera Acquisition Status Images Time
ONXA4-S 1 Camera TestSession\TestSession_001 Saving (1/1)  56/200 00:00:03

1 oot | [ Mot

Clear List []Cbse this window when downloads are complete.

Fig. 67: "Download Manager” with a progress bar as the
frames or video are being saved.

14) Once completed the status circle next to the camera will change from yellow to green.
Close the “"Download Manager” window.

Download Manager n
Camera Acquisition Status Images Time
ONXA4-S 1 Camera TestSession\TestSession_001 Done (1/1) 200/200 00:00:11

Clear List [[Jclose this window when downloads are complete.

Fig. 68: "Download Manager” after frames or video have been saved.

15) Back in the Motion Studio main window, notice the overly large time stamps. Although
they look large in the software, the saved images will have more appropriately sized
time stamps.

u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit)] - O X
W File Edit Image Filter Camera Data View Tools Window Help & x

i ngH j\_)n i VQ\_Q\Q\Q

I Power Supply - Battery: 100%

Images in memory

Live  Plagback

E d 14

Live/Playback resolution: Full (1:1) v

Acquisition Settings
Camera Record Image
Sensor Gain: | 1.00 v Reset
Rate [Hz]: 1000 v] £
Exposure [us]: [900 | [t | [wst
Exposure Mode: Single v @®
[CJ Arm Auto-exposure. Edit AE...

Arm Motion-Trigger. Edit MT...
Binning: Pixel Depth:
1x1 v | | 8Bit (upper) M

. . ROL: | 1024x1024 (180%) | [a]
3 Ready X:0578 v:-001 (@@
Fig. 69: Time stamps now appear in the main Motion Studio window.

16) The recording has been saved and are ready to be viewed.
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6 Optimizing Image Quality for Video Recording

The purpose of this section is to help the user optimize the image quality, with a focus on
imaging cells at high frame rates. In optics, there are numerous tradeoffs that affect image
quality. This procedure is a guide to produce quality images around these tradeoffs using the
Zoom 6000 Navitar lens.

Note: See Appendix F for a brief description of various parameters that affect image quality.

6.1 Parameters to Optimize Image Quality

We first explain below the most critical tradeoffs that affect image quality:

1)

2)

3)

4)

5)

Magnification vs. Depth of Field
There are three ways to increase the magnification:

i. zoom in using the zoom control (Fig. 41) of the Zoom 6000 lens,

ii. add a 2x lens attachment (Navitar, 1-60113) to the Zoom 6000 lens, and

iii. swap the 1x adapter (Navitar, 1-64299) with a 2x adapter (Navitar, 1-6030).
Methods / and ii to increase magnification will reduce the depth of field, i.e., the image
will get blurry more easily. However, method ji. of using a 2x lens attachment has the
benefit of improving the image resolution by a factor of 2. Method iii of using a 2x
adapter tube only doubles the magnification and has no effect on the image resolution
or depth of field. For all these three methods to increase magnification, more light is
needed.

Region of Interest (ROI) vs. Frame Rate

The region of interest is the area defined for image processing and analysis using the
camera. Reducing the ROI reduces the area being processed by the camera, thus,
reducing the image size and bandwidth required for each image. While areas of the
image are ‘lost’ when decreasing the ROI, the camera’s max attainable frame rate
increases as the max frame rate is inversely proportional to the ROI.

Frame Rate vs. Brightness

Large frame rates have reduced amount of time for each pixel to collect photons. Thus,
larger frame rate results in images with lower brightness due to less light per frame.
There should be a balance when setting the frame rate so that enough frames are
recorded for the motion of interest but not too large to negatively affect the image
brightness.

Frame Rate vs. Exposure Time

Setting the camera’s frame rate is dictated by the applied stretch to the sMEA. For the
faster strain rates (i.e., motions that take a few milliseconds from flush position to
target position), a camera frame rate of 1000Hz is required. However, increasing the
frame rate decreases the max attainable exposure time, or time light reaches the
image sensor. The max exposure is inversely proportional to the frame rate, i.e.,
exposure < 1/frame_rate. For example, the largest possible exposure when frame rate
has been set to 1000Hz is 1ms.

Exposure Time vs. Motion Blur

While longer exposure times result in brighter camera images, increasing the exposure
time increases the motion blur of moving objects. A shorter exposure time (i.e., faster
shutter speed) reduces motion blur as the object will move less while the shutter is
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open. Thus, exposure time should not simply be maximized when brighter images are
desired.

As a general rule, light source intensity should be the main source of illumination and
image brightness. After defining the frame rate and ROI, exposure time can be set.

Sensor Gain vs. Noise

While increasing the sensor gain results in brighter images with greater contrast,
increasing the sensor gain increases the image noise as well. In general, sensor gain
should only be increased after optimizing the light source illumination and the
exposure time for a pre-specified frame rate.

Other camera settings parameters that can be optimized to help improve image quality and
do not have a significant tradeoff with other parameters.

1)

2)

3)

4)
5)

Gamma correction: controls the overall image brightness by correlating a pixel’s
numerical value to its actual luminance.

Look up table (LUT): allows improving the image contrast and brightness by
transforming original pixel values to more desirable output values. Thus, specific areas
of the image can be further highlighted at the expense of areas that might not be as
relevant.

Sharpness: helps increase edge contrast (i.e., produces more distinct contours) to
improve the detail in the image. Excessive sharpening could result in too much
contrast, sharpening shadows and highlights, and unwanted saturation.

Brightness: sets the image pixels’ lightness/darkness.

Contrast: differentiates the lighter and darker areas to emphasize details in the image.

6.2 Protocol to Optimize Image Quality

For this sub-section, the figures shown were collected with the following imaging hardware
configuration:

e 0S7-V3-S1 camera

Metabones speed booster XL 0.64 x
Couplers

2x adapter (Navitar 1-6030)

Zoom 6000 lens (Navitar 1-60135)

Follow the steps below to optimize image quality when preparing to record a video at a high
frame rate.

1)

2)
3)
4)
5)

Using the MotionLab software, run the VCA and position the sMEA at the flush position
or a few hundreds of microns below flush.

Note: See BMSEED’s “"Mechanics Module User Manual” for more information on how to
run the VCA.

Load the Motion Studio software.
Open a camera session.
Enable the live view by clicking the “Live” button (Fig. 25).

Set the light source to the mid intensity of level 5 (i.e., halfway marker between the
“Min” and “Max” labels).
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6) Ensure the camera parameters have the following starting values:

On the camera (Fig. 70):

e Zoom 6000 lens magnification: smallest value of 0.7x

Fig. 70: Camera lens magnification set to smallest value of 0.7 x.

Motion Studio Camera tab (Fig. 71):

smallest value of 1.00 (also the default value)
Rate [Hz]: 1000 Hz (default value for impulse stretch motions)
Exposure [ps]: 500 us (half of the max allowed with a rate of 1000 Hz)
ROI: largest value of 1280%1920 pixels (for an OS7 camera)

Note: To change the ROI, “Live” view must be disabled by clicking the stop
button. Then click the button to the right of the ROI values, and a new
window called “Edit Region of Interest” will pop up. Here you can change the

ROI size.

Acquisition Settings

Record Image

Sensor Gain: 1.00 v Reset

Rate [Hz]: 1000 v I o2
Exposure [us]: ‘ 500 ‘ SF |k

Edit Region of Interest ? X

el

1920x1080
1280x1024
1280x720

1024x1024
800x600
640x360

512x512

Exposure Mode: Single v

[J Arm Auto-exposure. Edit AE...

Arm Motion-Trigger. Edit MT... m—

Binning: Pixel Depth: T

1x1 o 8 Bit (upper) k4 Xorign [0 | ['yorign [0 width | 1920 Height | 1280
Max fps 1350 Stream fps | 60 Max frames 12070 Max Time 8.9490s U
| ROL: | 1280x1920 (90°) Il o - —
(a) (b)

Fig. 71: (a) Camera tab showing the starting values for sensor gain, rate
exposure, and ROI. (b) “Edit Region of Interest” window where the ROI can be

set.
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Motion Studio Image tab_(Fig. 72a):

e Sharpen: smallest value of 0.0 (also the default value)
¢ Brightness: default value of 0.00
e Contrast: default value of 1.00

Motion Studio Gamma window (Fig. 72b):

e Gamma properties: default values (Gamma 1 - 1.5, Gamma 2 - 2.2,
Level 1 —» 64, Level 2 — 768).

Motion Studio (Fig. 72c):
e LUT: default value of "OFF” (values of 0.0, 0.2, 0.4, 0.6, 0.8, 1.0)
Acquisition Settings
Camera Recmd Gamma n Look Up Table ? X
vetue | =
Linear
JPEG: [ ] OFF Preset 1
Sharpen: ' 0.0 Preset 2
Brightness: ' 0.00 et
Preset 4
Contrast: ' 1.00
Gamma 1: i L5
Gamma 2: l
— level: 64
LUT... Default Level 2: ] 768
(a) (b) (c)

Fig. 72: (a) Image tab showing the starting values for sharpen, brightness, and

contrast. The (b) "Gamma” window and (c) “Look Up Table” window where these
parameters can be updated.

7) Decrease the region of interest (ROI) to 1024 pixels x 1024 pixels (Fig. 73). A

smaller ROI ‘trims off’ areas of the image, reducing the size of each frame and allowing
larger attainable frame rates.

Note: After updating the ROI, click on “View” and “Fit to Window” in top menu bar of
the Motion Studio software.

- ™
Edit Region of Interest ? X View Tools Window Help
1920x1280 Zoom >
1920x1080 Zoom o

1280x1024
1280720 Zoom Qut
280x

w2024 | |

Dynamic Zoom
800x600

2« Eull Size
\H Fit to Window
E Main Toolbar

E] Status Bar

Waming 7—‘ |L! Camera Toolbar

E Pan Tool

640x360

512x512

Center ROI

Reset ROI

The ROI has been changed. Apply new ROI to remaining
segments?

Xorign 469 Yorgn [ 164 width [ 1024 Height [ 1024

Max fps | 1690 Stream fps | 135 Max frames 130 MaxTme |0.0%s

Yes No Annotations
ox Cancel

(a) (b) (c)
Fig. 73: (a) “Edit Region of Interest” window where the ROI can be updated.
(b) "Warning” window after updating the ROI. (c) “Fit to Window” in top menu bar.
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8) Set the light source to the max intensity of level 10 (i.e., set the dial to the "MAX”
marker).
¢ If using gooseneck lamps, position them to light up the center of the sMEA.

r

. ..; 7 y
g . g ’
E3 . \

st

Light intensity: 8/10 Liht intensity: 9/10 Light intensity: 10/10
Exposure: 250us Exposure: 250us Exposure: 250us

(a) (b) o (c)
Fig. 74: Camera images brightness as the light source intensity is increased to (a)
level 8, (b) level 9, and (c) level 10.

9) Starting with the Zoom 6000 lens at the lowest magnification, use the zoom control
(Fig. 41) to increase the magnification using the following recommendations for
each imaging hardware configuration AND cell type:

¢ Recommendation when looking at dissociated cells:
1x adapter tube with a 2x lens attachment - 3.0x magnification

¢ Recommendation when looking at tissue slices:
2x adapter tube with no lens attachment - 1.25x mag. (Fig. 75a)
¢ Alternatives when looking at tissue slices:
o 1x adapter tube with no lens attachment - 3.5x magnification
o 1x adapter tube with a 2x lens attachment - 2.0x magnification
o 2% adapter tube with a 2x lens attachment - 0.7x magnification

Note: The larger the lens magnification (i.e., zoom level), the darker the image will
get.

ﬂ‘wr

\

(a) (b)
Fig. 75: (a) Camera lens magnification set to 1.25x (i.e., midway point between the
"1.0” and “|” markers). (b) Threaded hole that can be used to identify the focus
midpoint.

!
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Set the focus to the mid-point value within the focus knob (Fig. 75b). At this step, the
image is not expected to appear in focus.

Adjust the camera assembly position (as described in Fig. 28) to obtain an image like
the one shown in Fig. 76a below:

e z-position by moving the assembly up and down

— to achieve an acceptable degree of focus on the sMEA top surface
e x- and y-positions by adjusting the camera stage

— to center the camera on the sMEA recording sites.

Make fine adjustments to the focus (Fig. 76b) using the focus knob.

(a) (b)
Fig. 76: Camera image at the lowest magnification with (a) an acceptable focus after
adjusting the camera stage z-position and (b) a finely adjusted focus. These images
were taken with the OS7 camera max ROI of 1280 pixels x 1920 pixels and light
source mid-level intensity (i.e., level 5).

While the focus does not need to be re-adjusted, the camera x-y stage might need to
be re-adjusted to re-center the camera on the sMEA recording sites.

Fig. 77: Re-centered image after decreasing the ROI.
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14) If the gooseneck lamps shifted during any of the prior steps, re-adjust the gooseneck
lamps position to light up the center of the sMEA and improve the illumination on the
image.

(a) (b)
Fig. 78: (a) Image zoomed in to a level in which the recording sites occupy at least
half the area of the display window. (b) Image after the focus has been readjusted and
camera stage re-centered on the recording sites.

15) Ensure that the image orientation displayed in the Motion Studio window matches the
SMEA when viewed from the top. Fig. 31 shows how the image orientation can be
updated.

16) Under the “"Camera” tab (Fig. 71), ensure the frame rate is set to 1000 Hz, which is
BMSEED’s recommended rate for fast impulse motions.

17) Under the "Camera” tab (Fig. 71), decrease the exposure to 250us, which is one
quarter of its max attainable value for a rate of 1000Hz.
Exposure is decreased to this extent to minimize motion blur as the sMEA and cells
are stretched during the fast VCA motions. Image brightness will be decreased.

18) If the light source is at its max intensity and the image is still too dark, increase the
sensor gain to 1.41 or 2.0 under the "Camera” tab to increase the image brightness
as shown in Fig. 79.

Note: To change the sensor gain value, live view must be disabled by clicking the stop
button.

Sensor Gain: | 1.00 2 Sensor Gain:

(a) (c)
Fig. 79: Effect of increasing the sensor gain on the image brightness. Sensor gain was
(a) maintained at the default value off 1.0, (b) increased to 1.41, and (c) increased to 2.0.

Note: For these images, light source intensity was set to level 8, and exposure was set to
250ups.
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19) If the image is still too dark, update the gamma correction parameters of the image
under the “Image” tab. One of the preset values can be selected or each of the four
parameters can be updated manually. Fig. 80 show how image brightness was
improved by manually changing the parameters one by one from the bottom up.

Use the following values as starting points to improve the image brightness:
e Gamma 1: 1.8 (>default) e Gamma 2: 3.0 (>default)
e Level 1: 0 (<default) e Level 2: 200 (<default)

Gamma 1: 1 15 Gamma 1: 7 1.8
Gamma 2: ] [30 | Gamma 2: ] 3.0

Level: i 0 tevel: |} 0
Level 2: B 200 Level 2: [ | 200

(d) (e)
Fig. 80: Image brightness as the gamma parameters are successively updated one by one:
(a) default values, (b) smaller Level 2, (c) smaller Level 1, (d) larger Gamma 2, and (e) larger
Gamma 1. Note: For these images, light source intensity was set to level 8; exposure was set
to 250us; and sensor gain was set to 1.0.
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20) If the image is still too dark, update the look up table under the “Image” tab. By
default, the LUT is turned off. Similar to the gamma parameters, one of the preset
options (labeled A through E) can be selected or each of the six parameters can be
updated manually. Fig. 81 shows how the image brightness changes with the different
look up tables.

Select “LUT B” (Fig. 81c) or “LUT C” (Fig. 81d).

(a) (b) (©)

Qorfr. Quwra. Owre.
Owrc. Owrp. @WrE

Quser.

(d) (e) (f
Fig. 81: Image brightness as the various look up table preset options are selected: (a) off or
linear (default), (b) LUT A, (c) LUT B, (d) LUT C, (e) LUT D, and (f) LUT E. Note: For these
images, light source intensity was set to level 8; exposure was set to 250us; sensor gain was
set to 1.0; and gamma parameters were set to default values.
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21) Make fine adjustments to the LUT by selecting the “User” option and manually editing
the six parameters. Try the following parameters from top to bottom: 0.0, 0.26, 0.54,
0.60, 0.80, and 1.0. If one of the preset options selected in the previous step resulted

22)

in brighter images, use that preset option instead.

A few remarks when manually updating the LUT parameters:

e Changes made to the parameters corresponding to markers above the yellow
histogram affects the image brightness the most. For instance, looking at the
histograms in Fig. 81 above, the second and third parameters from the top

would have the largest effect on the image.

e Itis recommended to use parameter values that raise the markers above the
histogram as this results in brighter images. For instance, Fig. 82 shows bright
images obtained with two different sets of LUT parameters. While the second
parameter value from the top is different (0.18 vs. 0.26) in each instance,
markers were raised above the linear, light gray curve for both instances.

e Another recommendation is to use one of the following as the starting points for
the six parameters: i) the “"OFF” or linear preset option, or ii) the preset option
or the two preset options that resulted in the image(s) with the best quality.

Qorr.  Owra. Ouwrs.
QOuwrc. Quwrp. Owre.
(@ User. Reset
v 00|
' [on ]
L 0.54
’ 96 _J
v 08 |

¥ 100

(a)

(b)
Fig. 82: Images with two different sets of ‘User’ parameters (a) and (b). Although the
second parameter values are different, in both instances the markers are raise above
the linear, gray curve resulting in bright images. Note: For these images, light source
intensity was set to level 8; exposure was set to 250us; sensor gain was set to 1.0;
and gamma parameters were set to default values.

Qofr. Quwra. Ouwrs.
Ouwrc. Quwrp. Quwre

(@ User. Reset

| 0.00

L 0.26
L 0.54

v 0.60
¥ |os |

¥ |100

Increase the image sharpness (i.e., labeled as “sharpen”) to 0.7 to improve edge

contrast of the Au traces and recording sites.
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(b)

Fig. 83: Camera images with a sharpness of (a) 0.0 and (b) 0.7. Note: For these
images, light source intensity was set to level 9; exposure was set to 250us; sensor
gain was set to 1.0; gamma was set to default; and LUT was set to "OFF.”

23) Increase brightness and contrast to improve the image quality. We recommend
increasing both parameters concurrently relative to each other: for every increase of
0.01 units of brightness, increase 0.02 units of contrast as shown in Fig. 84.

Set brightness to 0.15 and contrast to 1.30.

(a) (b)
Fig. 84: Camera images as brightness and contrast are increased from (a) 0.00 and 1.00 to
(b) 0.10 and 1.20, and (b) 0.15 and 1.30, respectively.

24) If the camera image is still too dark, increase exposure by 150us. Repeat steps 21)
through 26). Otherwise, go to the next step.

If you reach this step again, the image is still too dark, and exposure is >700us,
contact BMSEED as components of the imaging hardware might need to be
upgraded to meet your requirements.

25) Once you get a bright and clear image, the imaging parameters are set. Motion
Studio is ready for video recording of an sMEA stretching.

Note: See Appendix G for a table comparing capabilities and limitations when using different
adapter and lens attachment pairs with a Navitar Zoom 6000 lens (1-60135).
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6.3 Flow Chart of the Image Optimization Protocol

Fig. 85 and Fig. 86 show a flow chart, split into two parts, summarizing the optimization
protocol described in Section 6.2 after the sMEA has been brought in contact with the
indenter using MotionLab and the camera session has been initiated with Motion Studio.

Set starting values:

Light source intensity:

5 (mid value)
Lens Maghnification: 0.7x
Sensor Gain: 1.0
(default)
Rate [Hz]: 1000
Exposure [us]: 500
ROI: 1920x1280 (max)
Sharpen: 0.0 (default)
Brightness: 0.00 (default)
Contrast: 1.00 (default)
Gamma: (default)
LUT: "OFF” (default)

Decrease the ROl to
1024 x 1024

v

Set the light source
intensity to 10 (max)

v

——

Based on the imaging hardware
configuration and sample,

increase the lens magnification...

» 1x adapter « 2x adapter
« 2% lens attachment * no lens attachment
« dissociated cells « ¢ tissue slices

... 10 3.0x .10 1.25x%

Set focus knob to
the mid-point value

¥

Adjust the x-, y-, and
z-positions of the
camera stage

¥

\ 4

Focus the image

Re-center the
camera on the SMEA

Is the image
centered?

Check/re-adjust the
gooseneck lamps

¥

Check the image
orientation

¥

Ensure frame rate
is set to 1000Hz

(continued on the next figure...)

Fig. 85: First part of the flow chart summarizing the image quality optimization protocol.
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(started on the previous figure...)

Decrease exposure to
250ps.

!

Increase the light
source intensity
(e.g., 9 out of 10)

Is the image
too dark?

No

Increase exposure by

\ 4

Increase the sharpness
(e.g., 0.7)

150ps. < A
Increase the
sensor gain
(e.g., 2.0)
Is the image Update the

too dark? gamma parameters
- ) (e.g., 1.8, 3.0, 0, 200)

No ; Update the LUT

Is the image (e.g., preset option
too dark? LUT B")

}

Is the image
too dark?

No

\ 4

Image quality
has been optimized

Adjust LUT parameters
(e.g., 0.0, 0.26, 0.54,
0.6, 0.8, 1.0)

Increase brightness
and contrast (e.g., 0.15
and 1.30 respectively)

Is the image
too dark?

Is exposure
>700us?

No

Contact BMSEED

Fig. 86: Second part of the flow chart summarizing the image quality optimization protocol.
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6.4 Protocol to Evaluate and Further Improve a Recording’s Image Quality

In terms of video recordings, very fast impulse stretches are the most challenging motions to
record due to the limited number of frames that can be recorded and motion blur.

Depending on the set magnification, light can be limited as well. This sub-section provides a
set of parameters that can be used as a starting point when running these motions and how

to make adjustments to improve the overall quality of the video recording.

The light source should be set to its maximum intensity, and the gooseneck lamps (if
applicable) should be positioned as close as possible to the sample without interfering with its
stretch motion. The following camera software settings may be used as a starting point:

e Region of interest (ROI): 1024 x 1024

e Lens magnification: variable depending on target magnification

e Rate: 1500 Hz

e Aperture (if applicable): medium (see Fig. 88)

e Exposure: 250 ps

e Sensor gain: 2.0

¢ Gamma: 1.8, 3.0, 0, 200

e LUT: LUT E

e Sharpness: 0.7

e Brightness: 0.25

o Contrast: 1.50

Largest aperture Medium aperture aperture

front
view set

bottom
view

—

(@) (b) (c)
Fig. 87: (a) “"Largest” or fully open, (b) "medium”, and (c) “small” aperture levels of a
Zoom 6000 lens with aperture (Navitar 1-60135A).
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(b) (c)
Fig. 88: Setting the aperture of a Zoom 6000 lens with aperture (Navitar 1-60135A) to
the (a) “largest” or fully open, (b) "medium”, and (c) “small” levels using the highlighted
set screw as an indicator. Tradeoff of image brightness as the aperture is closed is
illustrated.

While the set of parameter values listed above serve as a starting point when trying to
optimize the video recordings, they can be updated based on the user needs. Table 2 lists
typical issues with image quality (i.e., brightness and resolution) that may be encountered
while running stretch motions and steps to address them. Similarly, motion blur issues (i.e.,
focus consistency, intermittent blurring, and planar displacement) and corresponding
troubleshooting steps are listed in Table 3.

Note: Keep in mind that the aperture can only be adjusted if a Zoom 6000 lens with aperture
(Navitar 1-60135A) is being used.

56 | Page



Imaging Module Manual

Table 2: Troubleshooting steps for the different image quality issues you may encounter
when setting/testing the imaging module.

Image Quality
Issue

Troubleshooting Suggestions

1)

The recorded
video/images are
not bright
enough.

Source of the problem: not enough light is reaching the sample.

Adjustments to the imaging hardware components setup*:
e Light source: increase the light intensity (if possible), and if using
gooseneck lamps, reposition them to better illuminate the sample.
o Aperture (if applicable): increase by the minimal amount needed to increase
brightness to an acceptable level.

Adjustments to the camera software settings*:
e Sensor gain: increase to 2.0 if currently set to a lower value.
e Brightness and contrast: increase proportionally to each other.
e Gamma: adjust the values to improve brightness.
e LUT: select a different LUT set (e.g., LUT B or LUT C) to further increase the
brightness. Manual adjustments could also be made.
e Exposure: increase by the minimal amount needed to increase brightness.

2)

The image
resolution is not
optimal and could
be improved. The
images, that are
in focus, are not
crisp.

Source of the problem: focus is sub-optimal.

Adjustments to the imaging hardware components setup:
e Lens: after setting the VCA to the flush position or slightly below it (e.g.,
500um below it), adjust the focus. A test sSMEA might be used.
o Aperture (if applicable): increase by the minimal amount needed.
e Lens attachment: if not using one and target total magnification allows for
it, add a lens attachment as this improves resolution but decreases
the depth of field.

Adjustments to the camera software settings:
e Sharpness: increase to its max value (if possible).
e Follow the camera software settings adjustments for Issue 1) above.

*Listed in the preferred order (i.e., from least to most detrimental to image focus).

As mentioned in Section 6.1, to obtain video recordings with good image quality throughout,
there must be a balance between different parameters. For instance, during very fast impulse
stretches at magnification >8x, balancing parameters that affect image brightness and
parameters that affect blurring is critical.
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Table 3: Troubleshooting steps for the different motion blur issues you may encounter when
setting/testing the imaging module.

Motion Blur
Issue

Troubleshooting Suggestions

1)

Focus is
inconsistent (i.e.,
focus is lost)
during the stretch
motion.

Source of the problem: focus quality cannot be maintained during a stretch.

Adjustments to the imaging hardware components setup:

e Lens: after setting the VCA to the flush position or slightly below it (e.g.,
500um below it), adjust the focus. If the issue persists, set the VCA
to an even lower position and re-adjust the focus. In some cases,
you might need to use a test sMEA and adjust focus while stretching
it to the target strain.

o Aperture (if applicable): increase by the minimal amount needed.

It is also possible, that the membrane of the sMEA being stretched is no longer
taut. If this is the case, the current sMEA will need to be replaced with a “new”
sSMEA with a taut, flat membrane.

2)

There is
intermittent
blurring between
video frames /
images (i.e.,
every other frame
is out-of-focus).

Source of the problem: motion blur is affecting the video recording, and/or the
depth of field might be too shallow.

To address motion blur, adjust the camera software setting:
e Exposure: decrease by the minimal amount needed to reduce motion blur
without sacrificing too much light.

To address a shallow depth of field, adjust the imaging hardware setup:
o Aperture (if applicable): decrease by the minimal amount needed not to
sacrifice the amount of light reaching the sample.
e Magnification: decrease the magnification if your sample/application allows
for it. If applicable, replace the lens attachment with an adapter of
the same magnification.

The corrective measures listed above could negatively impact image brightness.
Follow the camera software settings adjustments for Image Quality Issue 1)
from Table 2 to address light reduction.

3)

The displacement
of the sample in
the x-y plane
seems too large.

Source of the problem: frame and/or sample might not be fully secured.

Adjustments to the MEASSuURE frame setup:
e SMEA: ensure that the sMEA is fixed in place by checking:
i) the interface board (IB) locking pins or mechanical holder screws
ii) if using the IB, the clamps holding the IB to the movable platform
iii) set screws fixing the movable platform to the Y-adapter.
e Top cross plate: if the imaging assembly allows for it, attach the top cross
plate above the side rails to further stabilize the frame.
o Camera stage: verify all screws to position the camera stage are tightly
secured.
e Frame base plate: further secure the base plate of the MEASSURE system
frame by:
i) placing a dampening material (1/4”-thick wooden board) beneath it
ii) clamping (e.g., using C-clamps) it to the workbench.

If video recording issues persist while running stretch motions with the VCA, contact

BMSEED.
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7 Protocol to Extract Frames from Video

To extract frames from our recorded image files or video file, the Motion Studio software will be
used.

1) Open Motion Studio x64, select “Images” in the Main Menu window, and click “"OK.”

Main Menu X

Images
Open a movie file or a sequence of saved images and process it.

Cameras
Open a camera session, acquire images and save them.

RAW Files
Open and display a raw sequence before converting it.

Database
Browse images folder and preview images.

ol
N

@

Options
Configure Motion Studio general options.

>y

Language
Change Motion Studio language.

Show this dialog box at startup. Most recent files... |E

Fig. 89: Selecting “"Images” to open recorded images or videos for processing.

€

Alternatively, if Motion Studio is already open, click the "Open Image” button (film icon).

u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - GigaBit)] - O X

.Elle Edit |mage Filter Camera Data View Tools Window Help 5

' B e @
€Ndw KB = TR

Fig. 90: Clicking the “"Open Image” button to access the "Open Image File.”

2) In the “"Open Image File” window, go to the directory where the snapshots and videos

from Motion Studio are saved. Here, you will find any saved snapshots and saved
acquisition sessions (in folders).

u Open Image File X
Mt MotionStudio » Images > v 2 e . P
Organize v New folder & v ] o
A
@ OneDrive
B This PC
J 3D Objects - = =
Il Desktop
20171212 - 5138 20180131 - 5241 20180202 - Sxoox 20180502 - Test
:| Documents Static Strain Static Test 2 Impulse Tests 3 Session
& Downloads
D Music
& Pictures E
Vid :
i Voo Saved recording
- 05(C) 20190513 - NXAir . .
Setup (i.e. session)
@¥ Network
v
File pame: | ImgA v | | All Image Files v

Fig. 91: Selecting the directory where the file(s) of interest are stored.
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3) Double-click on the saved recording of interest.

4) In the “Open Image File” window, select the video file (e.g., raw files, avi files) or first
image (e.g., tiff, png, jpeg) of the recording sequence and click “"Open.”

3 open Image File X
« v P <« Imag... > 20190513 - NXAir Set... v O € 2 A o P
Organize v New folder = ~ [

7@ OneDrive -

8 This PC m

J 3D Objects

I Desktop

NXA4-51 Camera

5| Documents

¥ Downloads

D Music

&= Pictures

B videos

2. 0S(C)

g Network

FiIegame‘NXAA-S] Camera ~| | Allimage Files v
Fig. 92: Opening the file of interest.
5)

The Motion Studio software will now display the current frame and will allow you to

navigate through the different frames using the menu on the right. Click on the “Playback”
tab to navigate between frames.

u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - RAW File)]

.Enle Edit |mage Filter Camera Data View Tools Window Help

E-WgﬁH }CE i VQ\Q\@\O

== = - e 20190513 - NXAir Setup

Images in memory
Live Playback

@ijr|m|m

LivePlayback resolution: Full (1:1)

-50 (1/200)
-0.050418 s (292.958 s)

Set > i <> 149 < Set
O |+ Goto... Skip: |0 v
Actual playback rate [fps]:

L
1 30 60
g ] TestSession (1/1)

— - — A _Annotations. [ Sunchranize
3 Ready X:1276 v:0124 (@

Fig. 93: The “Playback” tab when processing a saved video or image.
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Note: The first frame from the video may appear noisy. All other frames will NOT have
this noisy appearance.

Find the frame where the strain seems to be at its minimum. Use the forward [» | ] and
backward [ | €] buttons to advance or back up by one frame, respectively to identify this
frame.

Once the frame of the minimum strain has been found, make sure to keep track of this
image file.

Alternatively, it might be beneficial to, prior to performing the motion, save a
snapshot of the sMEA when the VCA is on the flush position. This might be
especially important when the trigger is set to Motion-Trigger because the initial frame
when the motion is starting might not be recorded, and thus, the strain calculations
would be inaccurate.

u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - RAW File)] — O X
W File Edit Image Filter Camera Data View Tools Window Help - & X

ﬁ.@ggH ‘}E o VQ\Q\@\Q

20190513 - NXAir Setup

Images in memory

—000006 5/10/2019 04 14 02 PM -0.0C

Live Playback

M H E]M

Live Playback resolution: Full (1:1

-6 (45/200)
-0.006418 s (293.002 s)

e p——

Set > { -50 <> 149 < Set

O |+ | Goto... Skip: |0 -

Actual playback rate [fps]: 15.8
]
1 30 60
g ] TestSession (1/1)

- - 2 2 _Annotations. ] Sunchranize
3 Ready X:1265 v:-001  (H

Fig. 94: Using the slider to navigate through the different images or frames to find the
frame right before the motion starts.

Repeat steps 6) and 7) for the frame where the strain seems to be at its maximum.
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u Motion Studio - [NXA4-S1 Camera (NXA4-S1 - RAW File)] = O X
B rile Edit Image Filter Camera Data View Tools Window Help - & %

ERgu = LR el @
000009 5/10/2019 04: 14 02 PM 0.009 ™ e

Images in memory

Live Playback

l«N(JrM

Live/Playback resolution: Full (1:1)

9 (60/200)
0.008582 s (293.017 s)
-50 ) 149
set> [ 50 || <> |[ 149 || <Set
O <= | Goto... Skip: |0 $
Actual playback rate [fps]: 15.8
L
1 30 60
i J TestSession (1/1)

4 Annotations, [~ Sunchranize
X:0500 v:1024 (@

Fig. 95: Finding the first frame at max strain.

9) Repeat steps 6) and 7) for the frame where the strain seems to be returning to
the flush position after applying the target strain.

3 Motion Studio - [NXA4-S1 Camera (NXA4-S1 - RAW File)] - a X
W File Edit Image Filter Camera Data View Tools Window Help - | %

i.@g?,H ‘}E 46% v@\ﬂ\(a\
000024 S/ 10/2019 04:14:02 PM 0.024 ST .y

Images in memory

Live Playback

M H EM

Live Playback resolution: Full (1:1

24 (75/200)
0.023582 s (293.032 s)
-50 ; "
(I
Set > -50 <> 149 < Set
O |+ | Goto.. Skp: |0 3
Actual playback rate [fps]: 15.8
]
1 30 60
o TestSession (1/1)

Q

4 4,.,,\ pe ¢ -

4 _Annotations. [ 1 Sunchranize
3 Ready X:0922 v:0867 (@

-

Fig. 96: Finding the frame after the VCA returns to the flush position.
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If you saved the recording as a sequence of images, skip to step 14) to relabel the files
of interest for use in Matlab.

If you opened a raw video file, click on “File” and “Save Acquisitions...”.

14

Select the range

of images that include the last frame before the motion starts and the frame where the

strain seems to be returning to the flush position and click “Save.”

ked Save Acquisitions (RAW) ? X
Session name :TestSessu:n ] [/] Assign the same name to acquisition.
Available disk space 322.7
Directory Images Fie Type Comment
1 - TestSession_001 6 to 24 TIFF Image acquisition
Disable the automatic generatio folder a _002
Selected acquisition settings
Acquisition T
[[] Session Name.
lmPreﬁx NXA4-S1 Camera (maNa’he,
Comment Image acquisition |
File Type  TIFF File (*.tif) v Codec...
Output Pixel Depth 8 bit v Rate [fps] 5
Images | 6 ‘ h : 24
AVI 6 ‘ ! | | 24
[C]Reset Frames Numbering.
: C:\Users\Public\Documents \IDTWIononsmdo\Images\TestSesson\TestSesmn:
Download options... E Time Stamp... | I Save I Exit

Fig. 97: Defining the type of the output files and range of images to be saved.

Note: At this point you may make changes to the time stamps for the saved images. For
instance, the font size could be reduced to 32 and colors could be updated.

Time Stamp Configuration

Value

O
02 - Frame Number

[] 03 - Comment

[] 04 - File Name

[ 05 - Camera Name

[[] 06 - serial Number

[] 07 - 1P Address

08 -Date

09 - Time

[ 10 - Time from Trigger

[ 11 - Time from acquisition start
[] 12 -Rate

[ 13 - Exposure

[] 14 - Temperature

[ 15 - R1G/GPS/PTP

[] 16 - Acquired DAS value

[ 17 - Marker

[[] 18 -Resolution

[[] 19 - Test Session Name

Select Al Deselect All

Reset

Logo
Position: Top/Left v
Show inimages: | All images v
Zoom factor: 0% v
Opadity: 100% v
Fﬁe:
| Browse...
Common settings
Font: |Arial v
Sze: (% v Coor: | -|
Background color: 5
|| Transparent. ‘
[[] Add header offset to image.

[[] add footer offset to image.
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Once the images are saved, the "Download Manager” will show the status as completed.

The number of saved images will be displayed here.

Download Manager n
Camera Acquisition Status Images Time
O NXA4-S1 Camera TestSession\TestSession_002 Done (1/1) 31/31 00:00:01

| Clear List | [[] Close this window when downloads are complete.

Fig. 99: The "Download Manager” after the download has completed.

Note: We recommend saving a range of images, as opposed to only at the flush
position and target strain, for flexibility in choosing the frames to be used in the strain
calculation.

The images will be saved in the image directory found in “"Options...” under the “Tools”
menu (Fig. 64). It is recommended to sort the images by date so that the image files are
displayed in chronological order. Sorting the files by name would result in file being
ordered alternating between negative and positive frames.

M B = Picture Tools  Saved Snapshots — O X
Home Share View Manage o

&« v o « 20190513 - NXAirS.. » Saved Snapshots v U Search Saved Snapshots el
g timesheets A [ Name Date - ~
Z@ OneDrive = NXA4-S1 Camera-000006 5/13/2019 4:33 PM
= This PC =% NXA4-51 Camera-000005 5/13/2019 4:33 PM
] NXA4-S1 Camera-000004 5/13/2019 4:33 PM
» 3D Objects ) NXA4-51 Camera-000003 5/13/2019 4:33 PM
m Desktop 2] NXA4-51 Camera-000002 5/13/2019 4:33 PM
& Documents = NXA4-S1 Camera-000001 5/13/2019 4:33 PM
4 Downloads | NXA4-S1 Camera000000 5/13/2019 4:33 PM
J Music ] NXA4-S1 Camera000001 5/13/2019 4:33 PM
= Pictures = NXA4-S1 Camera000002 5/13/2019 4:33 PM
B Videos =% NXA4-S1 Camera000003 5/13/2019 4:33 PM
5 050y £ NXA4-S1 Camera000004 5/13/2019 4:33 PM
£ NXA4-S1 Camera000005 5/13/2019 4:33 PM
¥ Network = NXA4-S1 Camera000006 5/13/2019 4:33 PM
2] NYAL S1 CameraDNNONT 5/12/7019 4-32 DM v
v < >
31 items (=

Fig. 100: Saved files in the specified directory in the “"Options” window (Fig. 64).

Re-label the of files of interest the following way
¢ At flush position just before the motion started:
syntax: -sample_frame#_time_fps_date
for example, -S449_frame-003_-003ms_1000fps_20190513
e At the target (max) strain of this stretch
syntax: -sample_frame#_time_fps_date
for example, -S449_frame+009_+009ms_1000fps_20190513

64| Page



Imaging Module Manual

V| = Picture Tools  Saved Snapshots — a X
Home Share View Manage o

&« v 4 « 20190513 - NXAir S... > Saved Snapshots v U  Search Saved Snapshots L
& SHARED-Shantal *  [] Name Date ' g
& timesheets I & -S449 frame-003_-003ms_1000fps_20190513  5/13/2019 4:33 PM I

| NXA4-S1 Camera-000002 / 33 PM
s .
i 2] NXA4-S1 Camera-000001 3 PM
@ This PC %] NXA4-S1 Camera000000 5/13/201 3 PN
» 3D Objects =/ NXA4-S1 Camera000001
2%/ NXA4-S1 Camera000002 9 4:33 PM
m Desktop
2/ NXA4-S1 Camera000003 :33 PM
< Documents

L)

NXA4-S1 Camera000004 5/13/2019 4:33 PM

# Downloads NXA4-S1 Camera000005

L)

D Music

| NXA4-S1 Camera000006
= Pictures 2| NXA4-S1 Camera000007
& Videos %/ NXA4-S1 Camera000008
&, 0S (C) 2%/ NXA4-S1 Camera000009
| 28] -5449 _frame+009_+009ms_1000fps_201905..  5/13/20194:33PM |
& Network
Vi & 7)
33items 1 item selected 1.00 MB =

Fig. 101: Renaming the images files when the sample is at flush position (0% strain) and
at the max strain.

Alternative to Motion Studio

An alternative to Motion Studio (for extracting frames from video) is the free software
VirtualDub, which can be downloaded at https://sourceforge.net/projects/virtualdub/.

Refer to the Imaging Module User Manual using IDS Cameras for detailed instructions on
how to use VirtualDub software.

65| Page


https://sourceforge.net/projects/virtualdub/

Imaging Module Manual

8 Protocol to Measure Strain from Images

To measure strain from images, we use MATLAB.

8.1 Running the MATLAB Code

BMSEED provides Matlab code (originally created by the Neurotrauma and Repair Lab at
Columbia University) to perform image analysis and measured applied strain.

1)

2)

3)

4)

Open the Matlab m-file with the code to calculate the strain between two images.
Contact BMSEED for the latest version of the strain calculations m-file.

In the Editor tab, click the “"Run” button. Alternatively, you may click anywhere in the
Editor and press F5.

PUBLISH
L = |[E] LglFindFiles & & nsert Sl fx [§] ~ = o= } I
- - H = ; = i g3 !/ LE’_\}' [=] Run Section \_‘))
|iz) Compare v ) GoTow Comment 9% ‘g2 73
New Open Save e e Breakpoints Run Run and 1= Advance Run and
v v v (=Pt ¥ (4 Find ¥ indent (= | ) |z v v | Advance Time
FILE NAVIGATE EDIT BREAKPOINTS RUN

|\,L3 D EHa B » C: » Users » o_gra » OneDrive » Desktop » Matlab » Camera - Strain Measurements
Fig. 102: The “Run” button in the Editor top menu bar.

A pop-up window will ask to select the image where the stretch just begins. Specify
the extension of the image file (e.g., tif, png, jpeg) that matches the extension of the
image file of interest. Select the image and click "Open.” Once an image has been
selected, the window will close. The Command Window will display the name of the
selected file.

For example, select file: "-S449_frame-003_-003ms_1000fps_20190513.tif".

4\ Select the image where the stretch is about to start X
1T <« Matlab » Camera - Strain Measurements v O Search Camera - Strain Measu... O
Organize ~ MNew folder = + [W o

~

Attachments = Name Size Type Date mq

B Desktop ) -5449_frame=009_+009ms_1000fps_20190513 1,035 k8]l TIF File 5/13/20
(5 Documents t -5449 frame-003_-003ms_1000fps_20190513 1,035 KB TIF File 5/13/20

| Pictures

= This PC
P 3D Objects
8 Desktop
|=| Documents
‘ Downloads
D Music
= Pictures

B Videos v < >

File name: \ "I £ (~.tif)

Cancel

Fig. 103: Selecting the image files for strain measurements.

A pop-up window will ask to select the image where strain appears to be at its
maximum. Specify the extension of the image file (e.g., tif, png, jpeg) that matches
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the extension of the image file of interest. Select the image and click "Open.” Once
an image has been selected, the window will close. The name of the selected file will
be displayed.

For example, select file "-S449_frame+009_+009ms_1000fps_20190513.tif”

A pop-up window will ask to select the Excel spreadsheet to export the results to.
Select the corresponding spreadsheet and click "Open.” Once a spreadsheet has been
selected, the window will close. The Command Window will display the name of the
file.

For example, select file: “"temp.xlsx”.

Note: If such Excel file does not exist, you may create it by: right clicking an empty
space in the window; clicking “Microsoft Excel Worksheet” under the New menu; typing
the name as “temp.xlsx”; and clicking “Open.”

4\ Select Excel file to export results to X
SETTING PARA

T <« Matlab » Camera - Strain Measurements v O Search Camera - Strain Measu... 2
Organize + New folder =~ [B 0
=] Pictures 2 Name Status Size Type
o Thi
This PC & AMD Radeon Settings
J 3D Objects
View >
a Desktop
Sort by >
| Documents
; — Group by > Folder
ewmeas Refresh @ Shortcut
D Music
=1 Pictures R B Microsoft Access Database it
B Videos /& Share a OneDrive link &| Bitmap image
S 05(C) More OneDrive sharing options [ Centact
= ' View online @5 Microsoft Word Document
= DATA (D) Always keep on this device [#:] Microsoft Access Database
A Netwnrk i E Free up space %] Microsoft PowerPoint Presentation al
File name: - @3 Microsoft Publisher Document
mi:| Rich Text Format
Undo Rename Ctrl+Z
Text Document c
Give access to > B Microsoft Excel Worksheet I 5
I New > ¢ Compressed (zipped) Folder
Select a file to view deta Properties (

Fig. 104: Creating a blank Excel workbook to export results to.

4\ Select Excel file to export results to X
L « Matlab > Camera - Strain Measurements v O Search Camera - Strain Measu... @

Organize v MNew folder = « A e

&= Pictures ~  Name Status Size Type
I This PC 0| temp @ 7KB Microso

J 3D Objects

I Desktop

|=| Documents

-" Downloads

J’! Music

& Pictures

B Videos

= 05(C)

= DATA (D3)

A Mehwark v < >

File name: Itemp v‘ (*dsx) ~

Cancel

Fig. 105: Selecting the blank Excel workbook.
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6) The program will ask you for the humber of slices or areas of interest in the image.

Type a number and press “Enter.”
For example, input “2”.

7) The program will ask you for the number of iterations to run per slice or area of
interest. Type a number and press “Enter.”

For example, input “4”.

8) The program will ask you about the frame rate in frames per second (fps) of the video
from where the images were extracted. This value will be used to calculate strain rate.

Type the corresponding fps and press “Enter.”

For example, input "1000"” as specified by the image filenames in our example. The
frame rate was defined under the acquisitions settings for the camera (described in
section 4F, step 2 of this manual).

9) The program will ask you the frame # of the first image (i.e., right before stretch
starts). This value will be used to calculate the number of frames elapsed, and thus,
the strain rate. Type the corresponding frame number and press “Enter.”

For example, input "-3" as specified by the filename of the first image in our example.

10) The program will ask you the frame # of the second image (i.e., at the maximum
strain). This value will be used to calculate the number of frames elapsed, and thus,
the strain rate. Type the corresponding frame number and press “Enter.” The
Command Window will now display the number of frames and the time elapsed.

For example, input “"9” as specified by the filename of the second image.

- [w] x
E S NE] seor<h Documentati 2

4\ MATLAB R2019a - academic use

HOME
. — | Find Files o o msert =L fx [g] - o =| - = . I
R e BT L s @
Compare = ow  Commen i
New Open Save 2 48 Sreakponts  Run  Runand |0 Advance  Runand
- - ¥ =i Print * i Find = Indent | ] of] |Fop - - Advance Time
FILE NAVIGATE EDIT BREAKPOINTS RUN ax
<c HaHE ¥ C: b Users » o_gra » OneDrive » Desktop » Matlab » Camera - Strain Measurements - 0
Current Folder ® [ A Editor - C:\Users\o_gra\OneDrive'\Desktop\Matlab\Camera - Strain Measurements\maxstrain_edited_by_BMSEED_ongoing.m @ x
Name SpyCodem maxstrain_edited_by BMSEED_ongoing.m =+
£ ginputcm EH =
'r'*" maxstrain_edited_by_BMSEED_ongeing.m EL] %% SPECIFYING IMAGES TO ANALYZE AND SETTING PARAMETERS
1] maxstrain_modified_08_08_BMSEED.m 35
] -5449 frame-003_-003ms_1000fps_20190513.tif 36 % Select undeformed ('initial') and deformed =
=] -5449 frame-+009_+009ms_1000fps_20190513.4 37 - [filenamel, pathnamel] = uigetfile ({ B cif’
07 tempaxlsx 38 "Select the imags where the stretch is about to STart');
39 — imlname = fullfile(pathnamel, filenamel);
40 - disp(['Undeforme * filenamel])
a1 — [filename2, path ] = uigetfile
42 ct the image 3
43 - imZname = fullfi 2, filename2):
= disp(['Deformed file: ' filenamel]);
45
46 % Select Excel file to export numbers to
47 — [filename3, pathname3] = uigetfile ({'*.xlsx';'* xls'},
Details ot 48 'Select Excel file to sults to')
45 = file = file ame3, filename3);
. 50 = disp([ 1ts = to ' filename3]):
Mame Value 51 - diap(’ '):
s2 e
Command Window ®
Mew to MATLABT See recources for Gemnﬁ Started. x
Undeformed file: =5449 frame-003_=-003ms_l1000fps_20190513.¢tif
Deformed file: -5449 frame+005_+005ms_1000fps 20190513.tif
Results saved to: Temp.Xxlsx
How many slices / areas of interest?: 2
How many iterations (of 4 points) to run for each slice?:
Frame rate of video (fps): 1000
Frame # of lst image: -3
fr Frame # of 2nd image: ©
Waiting for input

Fig. 106:

Prompts and sample user input in Matlab’s Command Window.
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Matlab will now open the two images: undeformed image in Matlab Figure 1 and
deformed image in Matlab Figure 2. Starting with Matlab Figure 1, locate a feature
that is easy to track. Left-click it to select this point as Cartesian coordinates of Point
#1 for the undeformed image.

e You can select the zoom-in (*+”) or zoom-out (“-") function to zoom in or out,
but you need to unselect this function before choosing the point on the image.
You may find these options under the “Tools” menu.

e Similarly, you can use the “Pan” tool to move into selected areas of the figure.
Unselect this function before choosing the point on the image.

4 Figure 1 - a X
File Edit View Inset Tools Desktop Window Help kl
Dadse (@08 K E

Nopo-r\t; .................................................................... Undeformed fmage: o AEO@Q QY

- ...‘o", e .
OR TR T e e

Fig. 107: Saved image file displayed in Matlab for strain measurements.

Locate the exact same feature in Matlab Figure 2 and left-click it to select this point as
Cartesian coordinates of Point #1 for the deformed image.

Repeat steps 11) through 12) three more times to store x- and y-coordinates for
Points #2 through #4 for both, the undeformed and deformed images.

The code will perform an automatic error check by verifying that the calculated strains
in both directions (x- and y-) are positive. If a negative strain is calculated for either
direction, the current iteration of selecting four data points in both images will be
repeated since this should not be the case. A warning message will be displayed in the
command window.
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Note: If in the repetition of this iteration a calculated strain is negative once again,
warning message will be displayed again, and the code will resume.

Once the iteration has completed the error check from the previous step, two windows
will pop up. The first window will be a figure plotting the selected points of both
images overlaid. This will allow the user to visualize how the selected points compare
in both images.

The second window will ask the user if the current iteration should be repeated. The
user will be given the chance to reselect the four points in both images if they believe
they made a mistake when clicking on any of the points.

4
File Edit Wiew Insert Toocls Desktop Window Help §

N de (@08 K E

Slice #1 - Set of points # 2 7 =" &) © 7]
380 e .

............................. La—

4DD' PR o

420 T 5

440 T |
; | 4| Verification ...  — X
460 | '; |

| Re-do Slioe #1, Iteration #17
480

[ |

520 [ 55 |

380 400 420 440 460 480 500 520 540 560

Fig. 108: Verifying the current iteration of markers selection.

In this verification window you should click “Yes” or *No.” If the window is closed or
“Enter” is pressed, the program will interpret this as “"No.”

e Clicking on “Yes” means that the user wants to re-do the selection of four points
for this iteration. Steps 11) to 15) will be repeated.

e Clicking on “"No” means that the user is satisfied with the set of four points
selected. Proceed to step 17).

If the number of iterations for this slice or area of interest has not been completed,

repeat steps 11) through 16) for the remaining iterations. Otherwise, proceed to
step 18).

Repeat the steps 11) through 17) for any additional slices or areas of interest that
have yet to be completed.
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Once all iterations for all slices have been completed, the program will end. Examples
of resulting figures are shown here.

4 Figure 20

File Edit View [Insert Tools Desktop Window Help

Nede | @ 0E ~E

Slice #2 - Set of points #1

100

700

200 300 400 500 600

700

800

Fig. 109: Matlab figure overlaying the selected markers on the un-stretched image

(i.e., at the flush position, or 0% strain) and stretched image.

7 Figure 120

File Edit View |Insert Tools Desktop Window Help

m}

X

N

Dede | @08 | K[E

Slice #2 - Set of points #1

Fig. 110: Matlab figure showing the markers on the un-stretched and stretched
images side-by-side overlaid on their respective camera images.

Note: Clicking on the Command Window and pressing “Ctrl-C” stops a program that is

running.
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8.2 Output from Matlab Code

1)

Excel spreadsheet: The main output from running the Matlab code can be found in
the specified spreadsheet (specified in step 5) from Section 8.1 above). In this
spreadsheet you will find results for each iteration of four points:

Method “E2"” to calculate strain: strains in the x- and y-directions; strain rates in
the x- and y- directions.

Method “E3” to calculate strain: strains in the x- and y-directions.

Method “E4” to calculate strain: biaxial strain (method assumes biaxial strain, and
no shear).

Mean and standard deviations of the strain calculations for each of the three
methods.

Cartesian coordinates (x- and y-) for each of the four points for both the
undeformed and deformed images. These values would allow us to re-calculate the
strains and/or re-plot the data in Matlab or other software.

AutoSave (@ off) 9 - ® - = S449_Test01_30pcStrn_20perS_20190514 - Saved Rubén Ponce Wong
File m Insert Draw Page Layout Formulas Data Review View Help O Search 15 Share =
A X Calibri Y11 == = EEJ General -~ | [Econditional Formatting ~ & insert ~ >~ é?'
. It]EB . Bl u-laa | === . $ - 9% 9 @FormatasTable' %gDe\ete - B- /O- .
afe < H- &-A- = = | % <o 9 [iZZ Cell Styles ~ [Ef{Format~ | € -
Clipboard Font I Alignment I Number M Styles Cells Editing Ideas ~
Al = S v
A B C D E F G H | J K L M -
1 Jstrain_x  strain_y strain_rat strain_rate_y Ptl_i Pt2_i Pt3_i Pt4_i pt1_f pt2_f Pt
2 S1,11-E2 0.217444 0.231538 18.12033 19.29487 X 416.2077 422.7272 540.0784 540.4406 398.5962 403.9326 5
3 |S1,12-E2 0.295874 0.300438 24.65613 25.0365 % 414.8599 548.8721 543.0769 418.4819 380.7302 541.6413 5|
4 S1,13-E2 0.267391 0.259147 22.28257 21.58559
5 |S1,14-E2 0.260259 0.252468 21.68824 21.03901 X 416.2077 424.5382 537.1808 538.6296 397.7753 405.985 5
6 |S2,11-E2 0.224077 0.253494 18.67305 21.12452 % 415.5843 548.1477 542.7147 418.4819 378.6777 543.6938 5
7 |S2,12-E2 0.189321 0.22988 15.77675 19.15668
8 |S2,13-E2 0.221051 0.231386 18.42094 19.28217 X 416,5699 423,0894 538.6296 541.8894 398.5962 403.5221 5
9 |S2,14-E2 0.218702 0.236196 18.22515 19.68299 y 414.4977 549.2343 543.8013 419.9306 381.1406 543.2833 5
10§ Mean - E2 0.236765 0.249318 19.73039 20.7765:
11)St_dev - E. 0.034522 0.023679 2.876797 1.97326;1 X 415.8455 423.8138 536.8187 539.7162 397.7753 403.1116 5
12 y 414.1355 548.8721 544.8879 419.9306 381.1406 542.4623 5
13 |S1,11-E3 0.217747 0.231237
14 |S1,12-E3 0.297329 0.299625 X 271.4724 381.3338 731.5171 581.316 223.1182 352.6194 7]
15 /S1,13-E3 0.268083 0.258291 y 327.9024 739.8828 577.6655 219.7575 268.6231 781.8315 5]
16.€1 14 F2 NIAN22A N IBINE e
Sheet1 ® 4 »
HH - ] + 100%

Fig. 111: Screenshot of a workbook showing an example of the strain measurement
results after running the Matlab script.

On the left columns of the spreadsheet, you will find the results grouped by method
used to calculate strain. The results (strain and strain rates for the x- and y-
directions) provided by the top method, “"E2"”, are the ones considered to be
the strain measurement resulits.

On the right columns of the spreadsheet, you will find the Cartesian coordinates of the
four points for each iteration and for each slice/area of interest. For example,
specifying 2 areas of interest and 4 iterations would result in eight sets of points.
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2) Result figures: Figures 10’s and 110’s illustrate the selected points. These are saved
as Matlab figures (“.fig"” extension) and as png or jpeg files.

e Figures in the 10’s (as shown in Fig. 109 of this manual) display in a single plot,
the points selected for the undeformed and deformed images for the different slices
or areas of interest. With these figures, you may compare how repeatable the
selections of points were, as well have a general idea of the deformation of the
membrane.

e Figures in the 110’s (as shown in Fig. 110 of this manual) show the two images
side-by-side with the selected points for each iteration. Along with the previous
figures, these allow the user to assess how well points were selected.

3) Matlab workspace variables: The Matlab (.mat) file allows the user to revisit results
or perform further analysis using Matlab at a later time.

4) User input in Matlab: The Command Window allows the user to re-visit the inputs
while the Matlab program was run.

IMPORTANT: If you want to save the obtained results, make sure to rename or move the
Excel spreadsheet “temp.xlsx” resulting figures .mat files. Otherwise, the next time the code
is run all files will be overwritten.

73| Page




Imaging Module Manual

Appendix A: Protocol to Swap the Camera Lens and Adapter Tube on the Frame

This Appendix gives step-by-step instructions on how to replace the camera lens and camera
adapter tube of the Imaging module of the MEASSURE system. An example of a starting
imaging configuration to illustrate this protocol is shown in the images below.

Camera

C-mount coupler
Tube clamp
assembly

Adapter tube NAITA

Lens

Fig. 112: Typical imaging hardware conflguratlon camera, C-mount coupler, adapter tube, and
zoom lens.

The specific imaging components used in this sample starting configuration are:

e Basler camera (acA2440 - 75um with C-mount connector)

e C-mount coupler (Navitar 1-6010)

e 1x adjustable, standard adapter tube (Navitar 1-6218)

e Zoom 6000 lens (Navitar 1-60135)
The tube clamp assembly (Navitar 1-6270) is fixed to the MEASSURE frame and is meant to
always remain on the frame.

A.1 - Swapping the Camera Lens Only
Here we show how to replace the Zoom 6000 lens with: an UltraZoom 6000 lens (Navitar

1-60190), a Mitutoyo objective coupler (3-60160), and a 10x Motic objective (1-62829)
assembly. These components are shown, as listed, from left to right in Fig. 113 below.

Fig. 113: UltraZoom 6000 lens, Mituto% objective E:oupler, and Motic objective.
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1) Raise the camera stage assembly on the MEASSURE frame by loosening the two knobs
following a counterclockwise motion (cyan), moving the camera platform up (red), and re-
tightening the knobs by applying a clockwise motion.

CER R RN NN ] ssnsunna

Fig. 114: Raising or lowering the vertical (z-) position of the camera assembly.

2) Loosen the three set screws (two of these shown in the red circles in the photo below) on
the adapter that is securing the lens to the adapter and carefully remove the currently
installed lens.

IMPORTANT: Make sure to always hold the lens with one of your hands while loosening
the set screws.

Fig. 115: RemoVing the zoom lens from the adapter tube.
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3) Attach the replacement lens (in this example, Navitar UltraZoom 6000 lens) by inserting
the lens into the adapter and tightening the three set screws at the bottom end of the
adapter.

NBRITAR

Fig. 116: Replacing the zoom lens into the adapter tube.

4) 1If no lens attachment will be mounted on the lens, the imaging assembly will be ready as
shown in the picture below.

M
)

i

|3

E

N
A

Fig. 117: Updated imaging assebly with the ‘new’ zoom lens.

If a lens attachment will be mounted on the lens, proceed to the next step.
Note: Keep in mind that some lenses (e.g., the UltraZzoom 6000 lens shown in this
example) will only work with an objective attached.
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5) For the UltraZzoom 6000 lens, a coupler is needed to attach an objective lens. If this is
the case, screw the objective coupler (in this example, Mitutoyo coupler) to the top of the
objective lens (in this example, 10x Motic objective).

Fig. 118: Attaching the obje&i've coupler to the objective.
6) Screw the other end of the objective coupler to the bottom of the UltraZzoom 6000 lens.
The imaging setup is now ready to use. At this point, you will need to lower the camera

stage (see Appendix B for working distances for different imaging hardware
configurations) and re-focus on the sample.

Fig. 119: Atching the objective to the imaging assembly.
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A.2 - Swapping the Camera Adapter Tube

Here we show how to replace the 1x standard adapter with a 2x short adapter (1-6233). The
two adapter tubes are shown side-by-side in the image below.

1)

2)

3)

Fig. 120: The 1 and 2 adapter tubes side by side.

Raise the camera stage assembly on the MEASSURE frame by loosening the two knobs
following a counter-clockwise motion (cyan in Fig. 114), moving the camera platform up
(red in Fig. 114), and re-tightening the knobs by applying a clockwise motion.

Loosen the three set screws (two of these shown in the red circles in the photo below) on
the adapter that is securing the lens to the adapter and carefully remove the currently
installed lens.

IMPORTANT: Make sure to always hold the lens with one of your hands while loosening
the set screws.

Fig. 121: (a)-(b) Removing the zoom lens. (c) Imaging assembly with the zoom lens
removed.

Loosen the three set screws (two of these shown in the red circles in the photo below) on
the C-mount coupler mounting the camera and C-mount coupler to the adapter. Carefully
remove the camera and coupler.

IMPORTANT: Make sure to always hold the camera with one of your hands while
loosening the set screws.
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- / /
Fig. 122: Removing the camera and C-mount coupler from the imaging assembly.

4) Loosen the screw (in the red circle in the photos below) clamping the adapter to the tube
clamp assembly. Carefully remove the adapter. Note that there are two screws on the
tube clamp assembly that are mounting it to the frame. These two screws must not be
loosened.

IMPORTANT: Make sure to always hold the adapter with one of your hands to avoid
damaging it.

Fig. 123: Removmg the adapter tube from the MEASSuRE frame

5) Insert the adapter into the tube clamp assembly from the bottom and tighten the tube
clamp assembly screw (in the red circle) to secure it on the frame.
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“®a,
S,

Fig. 124: Attach the new adaptertube to the MEASSURE frame.

6) Place the camera and C-mount coupler on the top of the adapter tube and tighten the
three set screws (two of these shown in the red circles in the photo below) securing the
C-mount coupler to the adapter tube.

™

> 4 k A
Fig. 125: Reattaching the camera and C-mount coupler to the newly inserted adapter
tube
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7) The camera, C-mount coupler, and replacement adapter tube (in this example,
2x adapter) should now be mounted in the MEASSURE frame as shown here.

Fig. 126: Camera, C-mount coupler, and adapter tube mounted to MEASSuURE.

8) At this point, a camera lens should be attached by inserting the top of lens into the
adapter and tightening the three set screws at the bottom end of the adapter.
For further details on attaching the lens, go to step 3) of section A.1 above.
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Appendix B: Working Distances for Various Imaging Hardware Configurations

Table 4: Working distances for various hardware configurations.

Config. #1 | Config. #2 | Config. #3 | Config. #4 | Config. #5 | Config. #6
Adapter tube 1x 1x 2x 2X 1x 2%
adjustable, adjustable, adjustable, adjustable, adjustable, adjustable,
standard standard short short standard short
(Navitar (Navitar (Navitar (Navitar (Navitar (Navitar
1-6218) 1-6218) 1-6233) 1-6233) 1-6218) 1-6233)
Lens Zoom 6000 Zoom 6000 Zoom 6000 Zoom 6000 UltraZoom UltraZoom
Lens Lens Lens Lens 6000 Lens 6000 Lens
(Navitar (Navitar (Navitar (Navitar (Navitar (Navitar
1-60135) 1-60135) 1-60135) 1-60135) 1-60190) 1-60190)
Lens attachment 2% lens 2% lens 10x 10x
n/a attachment n/a attachment objective objective
(Navitar (Navitar (Navitar (Navitar
1-60113) 1-60113) 1-62829) 1-62829)
T
Magnification 1x 2% 2% 4% 10x 20x
Working Distancef
(mm) 92 36 92 36 33.5 33.5
Distance between
lowest imaging
component and top
of the Plexon 80 26 80 26 24 24
interface board
holding the sampleY
(mm)

%: Not considering the 0.7-4.5x magnification from the Zoom 6000 and UltraZoom 6000 lenses
B: As given by Navitar datasheets for various imaging component combinations

Y: These distances were measured experimentally and are a bit smaller than the working
distance for that specific configuration due to the sample surface being located roughly between
10 and 12mm below the top surface of the interface board.

The table above shows the working distance for different imaging

hardware configurations. Overall, the two adapter tubes included
in the table do not seem to affect the working distance. However,
the presence of a lens attachment or objective lens does seem to

determine the working distance.

The distance measurements between the lowest imaging
component and top of the interface board is illustrated in the image
to the right. When setting the vertical position of the camera stage
holding all imaging components, this distance measurement can be
used as a reference instead of the actual working distance as it is
not practical to measure the distance from the surface of the
sample. Keep in mind that, in practice, this distance may be a bit

larger or smaller as the focus knob of the lens provides a 12mm

fine focus.

F|g 127 Measuring the
working distance.
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Appendix C: Finding the Flush Position

The configurations for the different MEASSURE systems with their respective schematics and
calculations are presented here:

1. MEASSURE-X or -Premium with the mechanical holder: The flush position depends

on the height of the homing block, the height of the indenter, and the length of the
supporting rods. The following schematic shows the different components of the
MEASSURE system involved in this calculation.

e MEASSURE-X or -Premium with the Mechanical Holder

T

> indenter

supporting

rod

Fig. 128: Schematic of components when using a MEASSURE-X or -Premium with the
mechanical holder.

The following figure shows the calculations to determine the flush position with the -X or -
Premium configuration without an electrophysiology interface board.

MEASSURE-X or -Premium with the Mechanical Holder

indenter =f ~~ "~ J'* flush
height position
top plate 3
thickness =f supporting rod height
=12.70 mm =85.725 mm
side wall .
height homing block height
=55.50 mm =2540 mm
referer;:; -
indenter_top_surface = sMEA_membrane_position
indenter_height + 12.70 mm + 55.50 mm = 25.40 mm + 85.725 mm - flush_position

flush_position = 42.925 mm - indenter_height

Fig. 129: Schematic for flush calculations when using a MEASSURE-X or -Premium with
the mechanical holder.
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. MEASSuURE-X or -Premium with the Plexon interface board: When using a simple
movable plate and Plexon board to hold the sMEA, the heights of this plate and interface
board must also be taken into consideration as shown in the figure below.

MEASSURE-X or -Premium with the Plexon Interface Board

| sMEA | Plexon interface board

T

supporting
rod
homing

block

VCA

Fig. 130: Schematic of components when using a MEASSURE-X or -Premium with the
Plexon interface board.

Calculations to determine the flush position with the -X or -Premium configuration when
using the Plexon interface board are shown in the figure below.

MEASSURE-X or -Premium with the Plexon Interface Board

Plexon interface
board ‘slot position’

=5.08 mm -I-
indenter ™ - flus_h_
height position
top plate =
thickness supporting rod height
=12.70 mm =85.725 - 9.525 mm
=76.20 mm
side wall -
height homing block height
= 55.50 mm =25.40 mm

reference

sMEA_membrane_position
2540 mm + 76.20 mm +
+ 5.08 mm - flush_position

indenter_top_surface
indenter_height + 12.70 mm + 55.50 mm

flush_position = 45.465 mm - indenter_height

Fig. 131: Schematic for flush calculations when using a MEASSURE-X or -Premium with
the Plexon interface board.
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. MEASSuURE-Mini with the Plexon interface board: Compared to the -X and

-Premium systems, MEASSuURE-Mini systems have shorter supporting rods and a set screw
underneath the VCA to help adjust the travel range. A photo of this configuration and its
schematic are shown in the figure below.

\' MEASSURE-Mini with the Plexon Interface Board

e e = ====

Fig. 132: Schematic of components when using a MEASSURE-Mini with the Plexon
interface board

Calculations to determine the flush position with the MEASSURE-Mini configuration when
using the Plexon interface board are shown in the following figure.

MEASSURE-Mini with the Plexon Interface Board

==l -3 Plexoninterface |
board ‘slot position” = flush
indenter =5.08 mm = .
height position
EPEES T supporting rod height
thickness = 50,80 254 mm
= 9.525 mm = 48.26 mm
side wall '
height homing block height
=33.43mm | =22.00 mm
reference

* The set screw is used to
adjust the VCA’s travel range
(i.e., min and max positions).

indenter_top_surface = sMEA_membrane_position
indenter_height + 9.525 mm + 33.43 mm = 22.00 mm + 4826 mm + 5.08 mm ...
- flush_position

flush_position = 32.385 mm - indenter_height

Fig. 133: Schematic for flush calculations when using a MEASSURE-Mini with the Plexon
interface board.
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Appendix D: Flush Position Sample Calculation #1

In this alternative example of identifying the flush position, we used the “no Ephys module”
configuration with the NXA4 camera, a 34.8 mm tall indenter, and supporting rods that were
85.8 mm tall. The flush position was determined to be z = -9300 pm.

Fig. 134: Example of a flush p05|t|on belng identified at z = -9300um using the NXA4 camera.

The following images show the camera image with the sequence: 8 mm below the flush position
4 mm below flush (releasing strain from the previous |mage), and back at flush
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Fig. 135: Testing the ﬂush position identified earlier at z = -9300um using the NXA4 camera.
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Appendix E: Flush Position Sample Calculation #2

In this alternative example of identifying the flush position, we used the “no Ephys module”
configuration with the CCM-1510 camera, a 34.96 mm tall (uniaxial) indenter, and supporting
rods that were 85.8 mm tall. The flush position was determined to be z = -9300 pm.

w L | k. 4 T

z=-9300 pm @
(a) (b)

Fig. 136: (a) Example of starting to search for the flush position using a CCM camera.

(b) Example of a flush position being identified at z = -9300um using the CCM camera.

The following images show the camera image with the sequence: 8 mm below the flush position,
4 mm below flush (releasing strain from the previous image), and back at flush position.

Fig. 137: Testing the flush position identified earlier at z = -9300um using the CCM camera.
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Appendix F: List of Parameters to Optimize Image Quality

e Light source: the main source of illumination for the camera image. Some parameters of
the light source that affects the image quality include:
o Power (wattage) of the LED
o Intensity setting
o Type of lamp: gooseneck vs. ring light
o If using a gooseneck lamp, proximity to sMEA and angle of light on the sMEA
o If using a ring light, the presence or absence of a light diffuser.

e Aperture: the opening of the diaphragm of the lens through which light passes. A
smaller aperture results in a greater depth of field but with reduced light. Conversely, a
larger aperture results in more light but with a smaller depth of field, making the image
more prone to blurring.

Note: In MEASSURE systems, this parameter can only be adjusted if using a Zoom 6000
lens with aperture (i.e., Navitar 1-60135A).

e Region of interest (ROI): the camera setting that allows only a subset of the camera
sensor array to be read (i.e., is less than the total available area of the camera sensor).
Using the setting to reduce the field of view helps increase the maximum frame rate, as
frame rate is inversely proportional to the number of rows in the ROIL.

e Exposure (a.k.a. shutter speed): the amount of time that light reaches the image
sensor. Exposure is limited by the sampling rate as its maximum value is inversely

proportional to the frame rate (i.e., exposure < 1/rate). Note that long exposure times
result in more susceptibility to motion blur, thus, it is not recommended to maximize the
exposure.

e Sensor gain: the analog signal amplification from the camera’s sensor. Analog gain is
gain before the analog-to-digital (ADC) converter and can be useful in low light conditions.
In general, the sensor gain should be increased only after optimizing the lighting settings
(e.g., light source settings) and after exposure time has been set. Digital gain, which is
gain after the ADC, is not true gain as some information is lost in the process.

¢ Gamma: the grayscale reproduced on the image. Gamma can be used to increase the
signal to noise ratio and can be thought of as the ability to stretch either side (i.e., black
or white) of the pixels’ dynamic range. A gamma of one indicates that the camera sensor
is precisely reproducing the object grayscale (linear response). In Motion Studio, the
gamma correction to the image ranges from 0.1 to 4.0 (default of 1.0).

e Look up table or LUT (a.k.a. colormap): camera setting that can improve the contrast

and brightness of an image by modifying the dynamic intensity of regions with poor
contrast. LUT transformations can highlight details in areas containing significant
information at the expense of other areas that are not as relevant.

e Sharpness: the clarity of detail in the camera image. Higher sharpness result in images
with more distinct contours. In Motion Studio, the “sharpen” parameter can be set
between 0.0 to 0.7 (default of 0.0).

e Brightness: the value of a pixel in the camera image, representing the lightness value
from black to white. In Motion Studio the brightness can be set between -0.25 to 0.25
(default of 0.0).
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¢ Contrast: the measure of the difference in the bright and dark areas of an image. High
contrast results in more lively images, and low contrast results in flatter and more

monotonous images. In Motion Studio the contrast can be set between 0.5 and 1.5
(default of 1.0).
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Appendix G: Tradeoffs in Magnification and Depth of Field

Zoom 6000 Field of View Matrix (in mm at nominal W.D.)

Working

Camera

Resolve Limit Depth of

z .5X Adapter .67X Adapter 1X Adapter 1.33X Adapter 2X Adapter 3.3X Adapter 5X Adapter .
Distance Format/ ' Migh Low-High Low-High Low-High Low-High Low-High Low-High(z) , ™ e
(mm) Parameters Low-High Low-High
300 Mag. |0.09X - 0.56X | 0.12X - 0.75x0.18X - 1.13X}0.24X - 1.50x | 0.35X - 2.25X ] 0.59X - 3.73X | 0.88X - 5.62X |55.56 - 18.52| 13.89 - 1.54
:j:ex_ (nominal) | /3 Sensor | 68.64 - 10.64 | 51.12-8.04 | 34.32-5.32 | 25.80-4.00 | 17.16-266 | 1040-161 | 6.83-108 |5556-18.52|13.89- 154
- 1/2" Sensor | 91.36 - 14.16 | 68.06 - 10.66]| 4568-7.08 | 34.34-532 | 2284-354 | 1384-214 | 912-144 |5556-1852|13.89-1.54
16044 | (1)WD. | 23 Sensor | 91.40-19.52 | 93.62-14.66] 6284976 | 47.25-7.34 | 31.42-488 | 19.04-2.96 | 1256-1.96 55.56 - 18.52| 13.89 - 1.54
range |1" Sensor (3)182.72 - 28.32|136.12 - 21.34 91.36 - 14.16 | 68.68 - 1064 | 4568-7.08 | 2768-428 | 1824-288 |5556-18.52|13.89-1.54
175 Mag. |0.18X - 1.13X | 0.24X - 1.50XJ0.35X - 2.25x]0.46X - 2.99X ] 0.70X - 4.50X | 1.16X - 7.40X |1.75X - 11.25X| 30.30-9.52 | 4.13-0.41
o(.)d?:(- (nominal) | /3 Sensor | 34.32-5.32 | 25.56-4.00 | 17.16-267 | 1290-201 | 858-1.33 | 520-081 | 3.43-053 |30.30-952 | 4.13-0.41
B 1<.150 1/2" Sensor | 45.68-7.08 | 34.03-5.33 | 22.85-356 | 17.18-268 | 11.42-1.77 | 692-108 | 457-0.71 | 30.30-952 | 4.13-0.41
160110 | (1) WD, |23 Sensor(3)| 4570-9.76 | 46.81-7.33 | 31.43-4.89 | 2363-368 | 1571-244 | 952-148 | 6.29-098 30.30-9.52 | 4.13-0.41
range i 5 68.06 - 10.66] 45.70-7.12 | 34.36-5.36 | 2284-354 | 1384-216 | 9.14-142 |3030-952 | 4.13-0.41
113 Mag. |0.27X - 1.69X | 0.35X - 2.25XJ0.53X - 3.38X}0.70X - 4.49X | 1.05X - 6.75X |1.75X - 11.15X|2.63X - 16.88X| 19.60-6.28 | 1.73-0.18
075X | (nominal) | 13" Sensor | 2286-356 | 17.04-267 | 11.43-178 | 859-134 | 572080 | 346-05¢ | 229-035 19.60-6.28 | 1.73-0.18
0%27""\ " 1/2" Sensor | 30.46-4.74 | 2269-3.56 | 1523-2.37 | 11.45-178 | 762-119 | 462-072 | 305-047 | 1960-6.28 | 1.73-0.18
160111 | (YWD, | 2/3" Sensor | 30.50-6.52 | 31.21-4.89 | 20.95-3.26 | 15.75-245 | 10.48-163 | 635-099 | 4.19-065 19.60-6.28l 1.73-0.18
range |1" Sensor (3)| 60.92-9.48 | 45.38-7.12 | 30.46-4.74 | 22.90-3.56 | 1524-238 | 924-144 | 6.10-094 | 1960-6.28 | 1.73-0.18
92 Mag. | 0.35X - 2.25X | 0.47X - 3.00x§0.70X - 4.50x]0.93X - 5.89X | 1.40X - 9.00X J2.31X - 14.85X|3.50X - 22.50X| 14.5-4.70 | 0.95-0.10
None | (nominal) | /3" Sensor | 17.16-267 | 12.77-2.01 | 8.58-1.33 | 645-1.00 | 429-067 | 260-040 | 172-027 | 145-470 | 0.95-0.10
0.023 - 1/2" Sensor | 22.85-356 | 17.01-267 | 1142-1.77 | 859-133 | 571-089 | 346-054 | 228-036 | 145-470 | 0.95-0.10
0.071 NA (f)%vgs 2/3" Sensor | 22.90-4.89 | 23.40-365 | 15.71-2.44 | 11.81-183 | 786-122 | 476-074 | 314.049 | 145-470 | 0.95-0.10
range |1" Sensor (3)| 45.70-7.12 | 34.02-5.34 | 2284-354 | 17.18-266 | 1142-178 | 692-1.08 | 456-072 | 145-470 | 0.95-0.10
51 Mag. |0.53X-3.38X |0.71X - 4.50x]1.05X - 6.75X]1.40x - 8.98X |2.10X - 13.50X§3.47X - 22.28X|5.25X - 33.75X| 9.80-3.14 | 0.43-0.04
0.16:;(- (nominal) | 1/3" Sensor | 11.43-1.78 | 852-1.33 | 572-089 | 43-067 | 286-044 | 173027 | 1.14-.0.18 | 9.80-3.14 | 0.43-0.04
N s 1/2" Sensor | 15.23-2.37 | 1.34-1.77 ]| 762-1.19 | 573-089 | 381-059 | 231-036 | 152-024 | 980-3.14 | 043-0.04
160112 | (1)w.D, | 23" Sensor | 15.00-3.26 | 15.60-244 | 1048-163 | 7.88-122 | 524-081 | 318-049 | 210-033 | 9.80-3.14 | 0.43-0.04
range |1" Sensor (3)| 30.46-4.74 | 2268-3.54 | 1524-238 | 11.46-1.78 | 7.62-1.18 | 462-0.72 | 304-048 | 9.80-3.14 | 0.43-0.04
36 Mag. |0.70X - 4.50X | 0.94X - 6.00x]1.40x - 9.00x|1.86x - 11.97)2.80x - 18.00x)4.62X - 29.70x|7.00X - 45.00| 7.24-2.34 | 0.24-0.02
o.z,c::)(- (nominal) | 1/3* Sensor | 8.58-1.33 | 6.39-1.00 | 4.20-067 | 322-050 | 215-033 | 1.30-014 | 086-0.13 | 7.24-234 | 0.24-0.02
DIENA| 25 1/2" Sensor | 11.42-1.77 | 851-133 | 571-089 | 429-067 | 286-044 | 1.73-027 | 1.14-018 | 7.24-234 | 0.24-0.02
160113 | (1)w.D, | 2/3" Sensor | 11.40-244 | 11.70-183 | 7.86-122 | 591-092 | 393-061 | 238-037 | 157-024 | 7.24-234 | 0.24-0.02
range | 1" Sensor (3) 22.84-354 | 17.02-266] 11.42-178] 858-134 | 572-088 | 346-054 | 224-036 | 7.24-2.34 | 0.24-0.02

The above flelds of view are measured diagonally in millimeters (Horizontal = Diagonal x 0.8 and Vertical = Diagonal x 0.6)

(1) Working distance range when using 12 mm fine focus. Field of view will change with shorter or longer working distances.

(2) When using 5X Adapter image quality is greatly reduced. Contact your Navitar sales representative for detailed specifications
(3) All systems using a 1" sensor should be discussed with a Navitar applications expert.
NA varles depending on system magnification

Fig. 138: Snapshot of the Zoom 6000 Lens Field of View Matrix with various configurations
highlighted with different colors.

The resolve limit (second right-most column) refers to the size of the smallest detail that the
camera can image to cover two pixels on the sensor. Smaller values are desirable.

The depth of field (right-most column) refers to the range in which the object appears in focus.
Objects closer to the camera or beyond the far end of the depth of field will appear blurry and
out of focus. A small depth of field means that there is only a narrow range in which the object
will appear in focus. A large depth of field is preferred as the object will appear in focus over a
larger position range.
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