DESIGN A PERSONALIZED BRAIN COMPUTER INTERFACE
BY USER-CENTERED DESIGN METHOD AND USABILITY TEST

/ %
/////////,,// é//// /
gn for X Perspectives /@/ 2 %
Project 1 % % J é /
) % oy ™
WAN JON I 7 ////////// é "
7 /
NN T % W Z _
BENG WY 77 Z,
IR I 10 é// / ////” é ///’/44



W /
W77/ 7 2

2 01. iNnTRODUCTION

Y 02. UTERATURE REVIEW

¥ 03. metHoD

N 04. USABILITY TEST OF THE PERSONALIZED BRAIN
COMPUTER INTERFACE WITH MIND ROBOT

¥ 05. conclusion



01. Infroduction



IIIIIIIIIIII




INTRODUCTION

UCLA BCI laboratory team use EEG signals to communicate
with the machine, make use of visual stimulation, and control
to the cursor by BCI. (Vidal, 1970)

The word of BCI was published first in 1973.(Vidal, 1970)

Brain-Computer Interface (BCI)

Brain-computer interface is defined as follows:
“One does not need via the peripheral nerves and muscles
can make the brain‘s communications system.”

—Wolpaw (2002)
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LITERATURE REVIEW

Method and applications Usability test User-Centered Design
of brain computer inter-
face




2.1 Method and applications of brain computer interface

Joystick

Operating Pancl

Liu and Huang (2012) proposed the use of the lefter to the EEG-based
brainwave interface system with FPFA the system with via Bluetooth
wireless intferface to control an electric wheelchair to move, thereby
propose ways to help paralyzed patients.



2.2 Usability test

%ﬁ\ .

Nielson(1994) and Shneiderman(1998) also defined to the usability that
it could be the significant element of computer interface and electron-
ic products.



2.3 User-Centered Design

Garrett(2011) also considered that the user-centered design is a simple
and effect method to design interfaces, so that he developed an eval-
uative method of virtual environment which based on UCD(1999).



2.4 Summary

The goal of our research is to give the brain-computer interface to
achieve individual differences in the design, and let everyone can
control the part of EEG easier.
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Method

( , ) T e ] The purpose of this research is to
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Figure 1



Method

The second part demonstrated the design process of is the interface design of personalized
brain-computer interface which based on the user-centered design method, mainly focused
mainly on the design of interface, as well as improved the user inferface, allowing everyone in

accordance with their active brainwave and personalized preferences to choose the co
mMmechanism to solve the electroencephalogram wearable pan with the problem of in

The third part of this personalized brain-computer interface used in Lego robot mo
the usability test, the details will present clearly in Chapter 4.



Method

The framework of Personalized Brain Computer Interface Establishment

The brain computer interface includes three steps: brainwave EEG signal
acquisition, signal processing and choreography controlled device in
signal acquisition and signal processing stage. We used NeuroSky Mind-
wave Mobile shown in Figure 2 tfo collect and analyze signals

Figure 2 °



Method
User-Centered Design

This study aimed to establish a useful and efficient BCI to
assess the usability of the Lego robot so that we based on
the user-centered design method to develop our BCI. To
support rich and dynamic user-centered design and eval-
uation of it, we forged the well-established techniques for

evaluation and design of human activity.

1. User task analysis and user survey
2. Expert guidelines-based evaluation
3. Formative user-centered evaluation

4, Summative comparative evaluations

_—

(1) User task analysis and user survey

I

Heuristics and interview

(2) Expert guidelines-based evaluation

User interface design is
obvious at a glance
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(3) Formative user-centered evaluation

Representative user task
scenarios

Interactively refined user
terface design

\D

(4) Summative comparative evaluation

(5) Usable and useful BCI prototype
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Method

Integrate the Personalized Brain Computer Interface and Lego Robot

- Start Mindwave pairing

Whether Bluetooth is
pairing? No
Casel Case2
Yes Capture things Open a gate
Original interface Forward Light Sensor Rol;atek&
ac
— ) — Il
Program | | Set personalized Direct U e Detect light
~ end data execution |
| | Grab ball
Attention NXT } Forward Yes
test data pairing Light Sensor |
| | l Touch Sensor
Meditation Enter main Rotate & Back }
Back ‘Cs‘lda‘a program | Rotate & Back
_ Stop & Wait |
Blink tIst data Stop & Wait
Set instruction [~ NXT pairing




Usability test of the personalized brain
= computer interface with mind robot
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4.1 Prototype of Personalized Brain Computer Interface

Base on the mentioned user-centered design method, we conduct this personalized brain com-
puter inferface as our prototype demonstrate.
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4.1 Prototype of Personalized Brain Computer Interface

The main page showed fthree buttons include
start, setting personalized data and leave.

Users can press the “setting personalized data”
button to set individual data.




4.1 Prototype of Personalized Brain Computer Interface
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Via a Bluetooth connection, the three values

Try to focus Try to Blink

include aftention data, meditafion data and
blink data which collected and transferred to
the APP by the BCI, this APP calculated these
three values assuming the parent is normal dis-
tribution. After that, there is a personalized in- o
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4.1 Prototype of Personalized Brain Computer Interface

After users set the personalized data, the page
of all the data are shown in Figure 6. We design
two tasks in this APP so that users can choose Please select

the behavior(s) Instruction

the situations to control the Lego robot. Every

Tasks by Lego robot

user can keep or change their own constrains. (& cotehthings
Final, press the “enter” button then you can I

start to control the Lego Robot with personal- > O Setorwerd

ized brain waves.

< Lost 3t

@ Catch things setting

Attention| > 41

Meditationl< 66

Blink times| :

Q4w

1

tep >

Constrains



4.2 Designs in Questionnaire

The questionnaire design for this study referred to the Hart and Staveland (1988), who proposed NA-
SA-TLX, a method for subjectively measuring the workload of a task based on six attributes.

Second, we used SERVQUAL gquestionnaire to measure the different satisfactions between before
and after process.

Both NASA-TLX questionnaires and SERVQUAL questionnaires were
based on the Likert seven points scale for agreement/disagreement
(e.g. strongly disagree for 1 point, little disagree for 2 points, disagree
for 3 points, neutral for 4 points, agree for 5 points, little agree for 6
points and strongly agree for 5 points)



4.3 Designs in Experiment

In order to reveal and evaluate the usability of the prototype, this study conducted the exper-
iment and designed two tasks to analyze the BCI with Lego robot. Parficipants were invited to
join this experiment and the statistical approach adopted to analyze the data included de-
scriptive statistics such as mean and standard deviation. ANOVA was also used to evaluate
the results and eight aspects were included in the questionnaire to analyze presence: effec-
tiveness, efficiency, satisfaction, error, learnability, flexibility, memorability, and sociability.




4.3 Designs in Experiment

Stepl: Clarify the flow of experience

A

Step 2: Put on the NeuroSky Mindwave Mobile and
measure participants’ personalized EGG data
(Wink, Concentration, Meditation)

l

Step 3: Connect Lego Robot and set 3 action commands

v

Step 4: Perform each imstruction with three times

l

Step 5: Fill in the questionnaire




05. Conclusion



Conclusion

This is the first paper that infegrates the application of personalized brain computer
interface and robot fo conduct instructions. In addition, this is the first study discuss

on personalized BCI to adapt individual person. So that everyone can accord own
EGG data to control the device. Moreover, this study integrates the hardware and

software to develop a new personalized BCl APP. According to our prototype and

usability test, this bbrain computer interface, which is in keeping with human’s habits,
is simple and easy to learn. Final, we hope that this personalized BCl will be applied
in medical treatment, business and livelihood, promoting.



Others



72N

10:16 0% @ Tl (= 68

oo || — GRS R AR A TR

Try to focus

— S HERNEIEABTES

— RFFARE—SKE
TG PR A

— MERERERFEE ZH K

— FEERERELEET —H




72

10:16 0% @ Ml (= 68

{ Last step Next step >

Try to relax

— BRI
WA Z BT SCRRE 3k B
‘ — HMEETEZNELETRY
- E‘%@éz%%ﬂﬁ Your attention Advice interval
AN WA Rl R 62 [35,57]

O J




72

10:16 0% @ ul (= 68

€ Last step Next step >

Try to Blink

— (EEEIA ST

— BT A

Your attention Advice interval

62 (35571

O J




7 o=

10:16 0% @ Wl (= 68

€ Last step Next step >

— T F P BT EN EE

@ Catch things setting

— AR MARE R Attention| > 41
Meditation|< 66
AT il — HER PRI
Your data
o = Attention: L3018
_ Y7 s & o=
REFRBRTAAFEIBNEA ||| (e opes

. O




— fEREBISRE
B8 E EAENR

— SR MENE A

o=
Complete
v
9

— AR R R TR — e



WAN-JUN LIN
CHI-XUIAN TSA|
PENG WU
XIAO-HAN ZHU



