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Development and Evaluation of Ul Design for Ergonomic
Optical Brain-Machine Interface (OBMI) System
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Background

O A brain-machine interface (BMI) is a device that translates neuronal information
into commands capable of controlling an external device.

O Optical brain-machine interface (OBMI) research based on calcium imaging
technology has shown great advantages in brain science.

Calcium imaging-based BMI systems

®

Electrophysiology-based BMI systems

-
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Limitations of Optical BMI

0 Few OBMI S/W is developed for video acquisition, image processing, neuron
extraction, and signal visualization.

Q Limitations of existing OBMI S/W need to be improved.
» Existing systems cannot realize real-time processing of neuron signals to control
external devices.
» Many usage problems (e.g., inconvenience of using independent modules) were
complained by neuron scientists.

Examples of existing OBMI S/W

CONNECT

S/W for Signal acquisition S/W for signal processing and

(Inscopix nVisata HD) 4 visualization (Inscopix) by




Experiment Procedure by Neuron Researchers
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Objectives of the Study

Development of Ul Design for OBMI System with

Improved Usability and Functionality

= e e s § [ [N

1. Analyze design features by literature review, T =

benchmarking and a user survey

2. Develop the information architecture

3. Propose Ul wireframe

4. Evaluate the proposed Ul wireframe and proposed

design improvements
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Research Procedure

O An iteration design and evaluation process was conducted to develop OBMI UI.

Evaluation Evaluation Evaluation Evaluation
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Simulation S/W: Data Acquisition Module
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Simulation S/W: Off-line/On-line Processing Module

>

S
=5 INDUSTRIAL AND MANAGEMENT pLa
'\!ﬂfﬁ ENGINEERING, POSTECH (D Technology Lab

Ergonomic Design







S1. Design Analysis: Preferred Design Features (pre.)

O Benchmarking on seven existing BMI S/W and a satisfaction survey (7-point
Likert scale) were conducted to identify preferred design features.

Preferred design features

Category ‘ Attribute ‘ Design Feature Preferred Design Features by Design Type
Layout Overall Layout Full f‘rlegstyle Seml-;riestyle leed5d4e3|gn i
GUI Design (4.0) (5.4) (5.4)
Style (Static) . Status Info. Separate Combined
Display : - -
Location (5.0) (4.8)
Navigation Function Workflow-based | Category-based | Tiled navigation
9 Navigation (4.9) (3.7) (5.3)
Outout AW(Iar;dr(a):ce Attached panel Independent Re-planned Folded tag
P p?w (6.0) window (5.3) area (3.9) (4.9)
Interaction ode
Design . Parameters Input | Standardized Customized ] ]
Style P Mode mode (5.5) mode (6.0)
(Dynamic) ) .
Trace Adjustment Button type Slider type i i
Mode 4.7) (5.9)
Controllability
Parameter Property-based | Alphabet-based Frequency- i
Adjustment Mode (5.7) (3.9) based (3.7)
._,::Z-- o e e
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S1. Design Analysis: Functions and Parameters (pre.)

O Evaluation of importance and frequency of functions and parameters was
performed to develop the hierarchy and sequence of Ul elements.

5-point Likert scale evaluation method Ranking of functions and parameters
Status Frequency Importance
— e (Mean) (Mean)
FPS 5.0 5.0
@ Exposure 5.0 5.0
@ Frames 5.0 5.0
@ Gain 5.0 5.0
& LED Power 5.0 5.0
G ROls 5.0 5.0
® Time 4.8 5.0
Dropped Count 4.8 5.0
@ Dropped 4.8 5.0
il DA Recording IS:'cihedule Name :.g :.g
: Camera setting (Light source) les B B
i it e Recording Started (computer clock time) 40 4.0
Recording Ended (computer clock time) 4.0 4.0
Triggered from External Hardware 4.0 4.0
Frequency Importance Meta Data 4.0 4.0
Hiod . - Downsample 3.0 4.0
erate erate r*.:-:“':‘ Version 3.0 3.0
) i Width 3.0 3.0
Height 3.0 3.0
@ © @ @ |66 © 6 ® 6 Lot 3.0 3.0
Top 3.0 3.0
LED Delay Value 3.0 3.0
@ @ @ @ @ LED Session 3.0 3.0
| | | | | LED Project 3.0 3.0
I | | | | Recording Schedule Batch ID 3.0 3.0
Recording Schedule Step 3.0 3.0
Very Moderate Very Recording Schedule Cycle 30 3.0
low high Camera Chip Version 3.0 3.0
Sensor Board Serial Number 3.0 3.0 @

Hardware Serial Number 3.0 3.0
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S1. Design Analysis: Workflow (pre.)

O Literature review, user interviews, and benchmarking on existing systems were
conducted to identify the workflow of OBMI.

Off-line task
Setting Stage Data Acquisition Off-line Processing Off-line Decoding
: | k
| | 1
Preference & ‘ Moelic; Decoder ' '
L . save and Off-line processin I - Decodin I Analysis 1
initial setting . » P 9 * training * g » I Y I
! loading I I
: . |
» User preference I+ Automatic save » Apply motion correction + Select input, » Select decoder
setting ! after recording * Manual/automatic ROI type, fold input, type, best
» Record options Lo Check lever » Neural signal extraction (output numbers for parameters
I pressure trace) Cross- + Display result
\ * Check pre- validation (predicted and
| processed trace + Save actual trace)
! + Calculate the
! correlation
_ : . . . Provide reference of best parameters
On-line task,  On-line (Real-time) Processing "
: T
! |
| = . External |
» rocessin »- Real-time processing Real-time decoding »: device 1
| P 9 , control |
| |
» Set camera parameters
* Pre-record
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S2. Information Architecture (l1A)

O The 4 modules were extracted from OBMI workflow including data acquisition,
off-line process, on-line process, and decoding.

0 Ul components, functions with hierarchy and sequence were arranged from
evaluation results in terms of preference, frequency and importance.

Information architecture




S3. Wireframe Design: Summary

0 Wireframe design of ergonomic O-BMI system was developed based on task-

based design concept, preferred Ul features and IA.
Wireframe design of OBMI Ul

Layout3

Home I Acquisition J Off-line Process  On-line Process Decoding
&
Behavior Exposure 255 Scope LED Power Gain Exposure bps  Framerate fps - Duration : E min. Elapsed time: 0
- - =
Connect Connect | [ ] I 1] ] 1] ] | 1 O [ Record length: 0
@ =5 o 100 0 100 0 100 10 T5 20 30 40 50 60 lle format:
Behavior Camera @ Disconnected Scope Camera @ Disconnected O Recording Options Recording Status
Camera Window =3 Visualization -1 X
Behavior Camera Brightness & Contrast

Brightness [ 100 |% Contrast [ 100 |%
[ ] [ f

0 10 0 10

Brightness Normaletion (FD vaue

Wholerange [ Selected range \

Scope
Camera

Behavior
Camera

5 5
3 &
c c
3 =

Lever
Pressure

M-Trace
Graph

i

30:05 40:00

(O Percentile [ 100 ]%

() Average

Display Overlay & Display Threshold

Overlay Opacity [100 %
I —

[] Threshold indicator

[] Overpass threshold
[] StaticOverlay

[=1X]

System Information

LED Power: 70/100
Exposure: 50/100
Gain: 20/100

Dropped Count: 3,350
Dropped: 2,210

Files
Recording Schedule Name: 190820
Triggerd
Start: 10:03 am
End: 10:08 am
Export Log
Note [=TX]

Animal name: 190820_mice_trial_055
Gender: male

Export Note




S3. Wireframe Design: Preferred Features (1/4)

L The overall layout was designed to fixed components with several default layout

options.
Layout options of data acquisition & on-line processing

Home | Acquisition | Off-line Process  On-line Process Decoding
~
[/] Duration : : s N
. - Elapsed time: 0

Behavior Exposure 255 Scope LED Power Gain Exposure bps  Framerate 'ps p—
Connect Connect il 1 [ il 1 [ il ] [ [ § Record length: 0
@ =g ) - 100 0 - 100 0 - 100 llojl:s 20 30 40 50 60 File format:
Behavior Camera @ Disconnected Scope Camera @ Disconnected O Recording Options Recording Status
Camera Window = Visualization =X
Behavior Camera Brightness & Contrast
Brightness % Contrast %
. 0 0
1] 100

o 100

Brightness Normalization (FO-value)

_Whae?ngg | S_e_lected_r_ar!ge
[

30:05 40:00

(O Average (O Percentile %

Display Overlay & Display Threshold

Overlay Opacity [100]% [ Threshold indicator
[—— [] Overpass threshold

[] staticOverlay

System Information - X

LED Power: 70/100
Exposure: 50/100
Gain: 20/100

Dropped Count: 3,350

Dropped: 2,210

Files

Recording Schedule Name: 190820
Triggerd

Start: 10:03 am

End: 10:08 am

ExportLog

Note

Animal name: 190820_mice_trial_055
Gender: male

Export Note




S3. Wireframe Design: Preferred Features (2/4)

U The navigation system was designed to tiled panel based on the conduction
sequence of tasks, functions, and parameters

Home | Acquisition | Off-line Process ~ On-line Process Decoding
Beha\nor Exposure I_I Scope LED Power 100 Gain Exposure bps  Framerate fps - 5 [W] Duration : - m min. Elapsed time: 0
M M o ecor
Connect | | Connect | [ 1] ] 1 I 1 ] j] File format : Record length: 0
L | 255 0 100 0 100 0 100 10 15 20 30 40 50 60 I AVIE
Behavior Camera @ Disconnxcted Scope Camera @ Disconnected Recording Options Recording Status
Home Acquisition | Off-line Process I On-line Process Decoding
l:' Crop Size: | 150 | Pix: ROI Selection Options
GPU Acceleration Edge Shape:
Load Save Motion . Auto Neuron
Video  Project Remove Black Borders rrection Neuron Size: ROI Extraction
Files Motion Correction Neuron Extraction
Home Acquisition  Off-line Process I On-line Process | Decoding
i [¥ Motion Correction Neuron Size:
Scope el el [E1rEEnE b el fp’ ) § Pre- Auto Real-time
A - o ¥ GPU Acceleration Edge Shape: .
Connect | [ 1] ] 1 I 1 ] I:D Processing ROI Process
0 100 0 100 0 100 10 15 20 30 40 50 60 Crop Size: | 150 /| Pixel  Preview Duration: sec.
Scope Camera () Disconnected O Processing Option Online Processing
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S3. Wireframe Design: Preferred Features (3/4)

Q Status information was arranged next to modules with high relevance.

Existing S/W

OBMI system

[ Trigger Ext

MiNIscope must be connected to chan
MINIscope must be connected to chang
MINIscope must be connected to chang
MINIscope must be connected to chang
MINIscope must be connected to chang
MINIscope must be connected to chang
MINIscope must be connected to chang
MINIscope must be connected to chang

1 =
B Joswns

Optogenetics LED

Scope
Caria |

&4 Miniscope Controller - [u] X
Home I Acquisition Processin: Decodin,
Scope Camera = o Animal neme il 9 9
Comnect
— - o Behavior Camera Notes Gain Frame rate [60 |1y Exposure [100]bps Exposure time [100]rps Exposure _Resel ROI [V Trigger Ext File format: [ av_~7] T ereRsaE
Connect hc Th e —{]t H—F—— —— . R
et [ :‘E m .); —_— mg £ :E’ c = = H [ Propertices Record Duration : [00 :[30]
vt Teshold Scope Camera @ nected ] Behavior Camera @ Disconnected Recording Tools Recording Status
B Exposre Work Space History - Project Name
P Spsdoei s |
) P T CO O Scope Camera - Project Name: —[L2[1X]| | Behavior Camera - Project Name =201
Frames Write Speec Dropped
Scope Min/Max  Display M/Max e Captured  FPS (s Frames
0 255
Light Sources
Excltation LED

Brightness & Cantrast
Brightness [100 %  Comtrast [100 %
I 0 0

Brightness Normalization (FO-value)
Whole range | Selected range
[= ——— — ]
00 a0

System Information

Note

Trace Graph

Input: o
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S3. Wireframe Design: Preferred Features (4/4)

O Controllability and feedback between neuron signal trace, lever pressure graph,
video and users was enhanced slider operations.

Trace of lever pressure and neuron signal

Multi-Trace | Visuali..| System | Note [=1@[X]

Lever Pressure Gauge - Project Name =i

Pressure.

[

Time

IRETEEIN
R N — |L.,,,,|L Y ‘oo:oo 7:00 'ég;' 3o:ool
00:00 :‘O.‘ 30:00‘
v N
Rate: 1 - Frame: 731/2995  Time: 83.1/299.5 sec [ show Pressure Threshold Time Detection Add Marker Export

4| > | . i
e e e Pressure Threshold: [ 5 |N on Threshold Clear Marker Marked Point o




S3. Wireframe Design:
Improved Usability and Functionality (1/3)

O Task sequence was improved by proposed navigation panel, and function

panels.

Existing S/W (Miniscope) Proposed OBMI system

MiNIscpoe Controller | _ | o | % Off-line Process  Online Process  Decoding _
| LED PO 00| Gan A ST Framaate [ 60 |6 | 7 Duration : i [Sad Y T
[ ol . . =k =S -] | L] v [ )
ScopeCamera @ 0 | ] Recording Options
r Scope camera ——— rBehavior camera Note Camera Window e T 3 |—1%]
A— i net Behavior Camera e
CONer [JRed [JGreen /
e
SatulNgtion Threshold: '
Exposure Yo
Vo N ' O Purcentic [T50]%
q D lap: ime:| 0 [ o]
Gain (16 =1x| 4= 4% scope[ o N\ f [0 [o | ] Toebottviescr
I ||||||| [ d perties 5 El | mverpass mreshol
trrvr = ROl N Write Speed Dropped
Display Min/Max; 2 {fps) Frames

e e

r Light S /
fghtSources Excitation LED,
I a |
%

E [IDevide by 10
Optogendtics LED

T
100%

Sepe Min/Max —‘

R

I
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S3. Wireframe Design:
Improved Usability and Functionality (2/3)

O Accessibility of function and learnability of task were improved by proposed
task-based panel.

UI/UX of existing S/W (Mosaic) UI/UX of proposed OBMI system

Help
About
Documentation —
Home  Acquisition [ Off-line Process | On-line Process  Decoding
How to extract neujons? * 1. Lead movie data
2. Crop movie field of view V] GPU Acceleration Edge Shape:
load  Save Motion ) Ao Newon
; Video  Project V] Remove Black Borders Cortection Neuron Size: ROI Extraction
3. Preprocess movie Files Motion Correction Neuron Extraction
4, Concatenate movies History | RO List Scope Camera - New Project MultiTrace | Visuali.| System [ Note |  [=[O[X]
View Lock Color Name Selecion —
5. Generate registration target image i i
NaVIgathn - 6. Runlmagereglstr.atlon
7. Remove post-registration border
2. DF/F Normalization
9. Identify cells
10. Select good cells
11, Detect cell events
12, Save cell Data
B> Mosaic 120 - 0o X
B X 1 oo >
Image > |
@ R vovie 3 Calculations-Plots | View Dropped Frames
i
Edf Hrace Multiple O
Change Data Storage Spatial 3 e ICA to & o - - d
Temporal 3 Apply Motion Correction Scope Player i
Selected Neuron
PrepocessMode i Trace Graph
Reduce Movie (Space / Time) Analyze Movie ROIs o L 1
= Lever Pressure .
\ Gouge et
HD:0.010.0GB  MEM: 0.09/4.00 GB ‘
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S3. Wireframe Design:
Improved Usability and Functionality (3/3)

O On-line module with real-time recoding and processing functions was proposed.

On-line module of proposed OBMI system

Home Acquisition  Off-line Process I On-line Process I Decoding
i e Shape: [ Round A
Connect | [ :| [ I ﬂ [ | [ GPU Acceleration = pe Processing ROI Process
0 100 0 100 0 1000 10 15 20 30 40 50 60 Crop Size: Pixel  Preview Duration:[ 15 | sec.
Scope Camera @ Disconnected O Processing Option Online Processing
History | ROI List | Scope Camera - Project 200910 —L | X]|| Multi-Trace ‘ Visuali..| System ‘ Note ‘ [=1E[X]
View Lock Color Name Selection _
[a] Manual ROI [4]
Scope Player L
i 4« > > Lever Pressure Gauge
slow fast x1 fast slow
Selected Neuron
Trace Graph
i}
Lever Pressure
Gauge L A L1 i
@w sdow  fat  x1  fast slow




S4. Evaluation on Wireframe Design

O Subjective satisfaction evaluation was conducted to test usability of the
proposed wireframe design comparing with two existing S/W.
» Evaluation scale: 7-point Likert scale (1: very dissatisfied, 4. moderate, 7: very satisfied)

» Participant: 20 neuron researchers

Orientation (15 min)

iy Introduce of BMI background

1

Usability testing (40 min)

Individual component

= Modules

= Components
= Fonts

= Color

Introduce of BMI tasks & features & Ul

Explanation of evaluation method

Overall design Explanation of evaluation measures

= Style
= Layout
= Structure

= Overall system

Evaluation environment

| Y p—

Miniscope lllustration PPT

1

Debriefing (5 min)
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S4. Evaluation Target & Measures

L The individual components (location and size of modules, size of elements, size and typeface
of fonts, color contrast of font and background) were evaluated by users’ satisfaction.

U The overall design was evaluated using ten evaluation attributes (learnability,
familiarity, simplicity, distinctiveness, visibility, informativeness, attractiveness, controllability,

accessibility, overall preference) (Kim, 2015) (pre.).

Evaluation on individual components Evaluation on overall design
$1_1. Scope Camera Control Module Category Elvaluat.ion Descriptions
- = Dimensions
oy | oo |G
e 1 Text style = Typeface, size, color
f— -- 2| style Color style | = Colors of Ul components
3 Overall style = Appearance and atr_nosphere of the Ul which
is reflected by the visual elements
Location [imes O S ome S L O Sl S i |mtg OV T Vo Sy i 4 Distribution | Orientation (horizontal/vertical)
T e | — _ »_and arrangement way of the Ul components
b —— 5| Layout Spacing = Free space between modules
Size ] == —
= f’i E? 6 Desian concept = The design concept about how to execute a
oo 12 @ Q 9 P function
o © 6 7 | Structure Navigation = Hierarchy (depth and breadth)
system
8 Overall system usability
Hﬁ‘% INDUSTRIAL AND MANAGEMENT 53 . G - o T
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Q

Q

S4. Results: Individual Modules

50% evaluation items of OBMI were preferred; others were not significantly

different from the Ul ranked 1st.

Designs may need revision were selected base on principle: Mean < 5.0 / MD >

0.3

Result of evaluation on individual components

Satisfaction (Mean)

No. Category Design Variable MD I
A B C T T T TTTT T T T T T T T T T E T E T 1
' . . .- ' I
1 Scope Camera Control Module 5.4 5.1 5.2 0.3 | Improvement dlrleCtlon Of i | |
, slider & control widget size | ‘ I
. b o o - |
2 Behavior Camera Control 48 5.4 0 |
Module No. Category Design*rarfemie™ == 73]
- A B C
3 Record Control Module 5.7 4.6 5.2 0.5 s !
15 _-7 Connect Button 5.6 4.7 5.2 04
4 Locati £ Information Record Module 5.4 5.6 5.6 ~
052531180 16 Jg Record Button 55 48 53 02
System Information Display T e,
5 Module 54 54 56 17 1 Slider 57 53 53 04
| ; :
6 Camera Status Display Module | 5.4 46 5.6 18 Size of | Slider Control Widget Sl S e |
_ 19 | components ~ 7 ‘Selector | 51 50  s3 -
7 Record Status Display Module 5.8 4.9 5.2 0.6
20 Spin Box 4.9 5.2
8 Scope Camera Window 6.2 5.1 6.1 0.1
21 Plus/Minus Controller 4.8
9 Scope Camera Control Module 5.3 5.0 4.9 0.4
22 Check Box 4.5 5.1 5.3
Behavior Camera Control . ;
10 Module 4.4 5.2 - 23 Label 1 5.5 53 5.4 0.1
24 ‘Label 2’ 5.0 5.3 5.3
11 Size of Record Control Module 5.5 5.0 5.1 0.4 Size of fonts
12 module Information Record Module 4.9 5.6 5.6 25 Number 1 >2 >4 >4
Svst Inf tion Displ 25 ‘Number 2’ 4.8 53 5.0 0.3
ystem Information Display
13 Module >4 > >S5 24 27 Typeface of ‘Record’ 5.5 5.4 5.3 0.2
14 Scope Camera Window 6.0 4.8 6.1 28 fonts ‘Gain’ 4.8 5.5 5.1 0.4

- T/ . - - -~



S4. Results: Overall System Usability (1/2)

O Satisfaction of OBMI Ul design has been improved by 0% ~ 8.8%, 10.1% ~
23.1% compared to Inscopix and Miniscope, respectively.

Mean overall preference of design aspects

Miniscope vs.

6.0 Text style

5.5
Syst_e_m 1 Colour style
usability 5.0 15.1%
21.1%
18.1%
Navigation _ , Overall
system style
10.1% 18.3%
18/5%
18.9%
Design 5 23.1% N
concept Distribution
v
Spacing

@) INDUSTRIAL AND MANAGEMENT
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Inscopix vs.
6.0
Text style
95 1 0.0%
System
usability Colour style

Navigation
system Overall
style
Design
concept Distribution

Spacing
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S4. Results: Overall System Usability (1/2)

O The distribution and spacing of Ul may need improvement in terms of
distinctiveness (MD = 0.2).

Satisfaction of distribution Satisfaction of spacing

6.0 Learnability 6.0
Distinctiveness

MD (IC-OB) = 0.3

M + SD Inscopix = 5.5 4 (0.6
M + SDOBMI =53 + 0.9

Overall
Preference

Familiarity

M + SD Inscopix =5 6 + (.7

M + SDOBMI =54 + 1.0 i
Attractiveness i Distinctiveness Overall

—
Visibility
MD (IC-OB) = 0.20 Preference

Evaluation o .
Object Description OBMI Inscopix
Distribution Orientation and arrangement way

of the Ul components

% Spacing Free space between modules




Discussion (1/2)

O The wireframe of the OBMI Ul was proposed with satisfying usability and
functionality.

O Graphic design need to be applied to the proposed wireframe.

O Dynamic usability test needs to be included in the future work.

Future Ul development work Color schemes of OBMI Ul design

I ‘
I
p— - e e

Evaluation Evaluation Evaluation Evaluation

’_ S1. Discover

===,
spere |\ 4\ 4\ 4\ 4

S2. Design S3. Information s4. Ul Dlesi n S5. B - e R SRt
Analysis Architecture ’ | 9 Implementation —E 3
| -
T
= Preferred design . Wirefrarlne = |
features . Graphicldesign =
= Important and = Interactibn design
frequently used l
functions and : i TeIeT r— i
parameters ! . iR 4 i
Current stage R a SEes
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Discussion (2/2)

0 The OBMI Ul design can be referred to various systems with similar Ul design
requirements and be applied to other types of BMI research.

Vibration analysis S/W Wireless Cortical BMI research for
whole-body navigation in primates

decoding
robot movement ‘-I

programmed
robot movement

.......
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Q&A
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Simulation S/W: On-line Module
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