EBARFEZMERE VYRS b

HOSEI UNIVERSITY REPOSITORY

PDF issue: 2024-12-21

FHRESNEAY Ry hZ2AVLEEEV
THIE S R T LADREMRE

M\iZE, BR / MATSUZAWA, Kaira

FERRFARZRETR - TEHER

ERAFARFRLE. HBITY - TRHERRE / FHAFERFERCE. BI% - T
FHRRHE

58

1

8
2017-03-31

https://doi.org/10.15002/00014123



FEBRRFERFREISR - TPRHERLE Vol58(2017 £ 3 A)

ERESREAY by FZERAVEESENT
FlfH S R T LOBEERE

WITH ABIOSIGNAL COLLECTING HEADSET

LR ST
Kaira MATSUZAWA
REEE ATHR #ix

TRBOR E RSB T oA JE R SR T s (s 3R

In our previous study, an electric wheelchair was controlled by the user's facial expression and head
movement using the control system based on a brain-computer interface (BCI) headset having 14 measuring
electrodes and a 2-axis gyroscope sensor. However, the operability issue caused by the time lag between the
input of the command and the beginning of the movement of the electric wheelchair was observed. In this
paper, the control system based on the BCI headset is improved to solve this issue. In the improved control
system, the user’s facial expression is distinguished via a neural network and frequency analysis with
biosignals detected by electrodes of the BCI headset. Three kinds of methods to distinguish the facial
expression were newly proposed. On the other hand, the user's head movement is recognized based on
threshold criteria for angular velocity and displacement detected by the gyroscope sensor. With the aim of
evaluating the improved control system, an experiment to measure the distinction rate for operation commands
and a video analysis to measure the time lag were conducted, and the experimental results were compared
between the proposed three distinction methods and the previous method.
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Fig. 3 Schematic of the 10-20 electrode system
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Fig. 5 Operation methods for moving electric wheelchair
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Table 1 Corresponding head movement and threshold value

Evaluation item TR TL Nod

The longitudinally
angular velocity
wx [rad/s]

wx < -2.4 wx > 2.4 -

The longitudinally
angular displacement
6O [rad]

0x <-0.08 0x>0.08 -

The laterally
angular velocity
wy [rad/s]

y >20

The laterally
angular displacement
6y [rad]

6y >0.16

TR: Turn to the right, TL: Turn to the left
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Table 2 Parameters of NN for Method 2

Network topology 14-12-3
. Standard
Transfer function sigmoid function
Learning rate 0.1
Increase coefficient of learning rate 1.03
Decrease coefficient of learning rate 0.9
Momentum 0.6
A The number of
Igrr]r(?i't?grt]'on times of leaning 3000
Tolerance 0.0001
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Table 3 Parameters of NN for Method 3 and 4

Network topology 12-8-3
Transfer function S_tanda_lrd .
sigmoid function
Learning rate 0.1
Increase coefficient of learning rate 1.03
Decrease coefficient of learning rate 0.9
Momentum 0.6
_— The number of
Ig;g}'t?ggon times of leaning 6000
Tolerance 0.0001
d) Method 4
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I MREO T = —T Ly MCESEED, 32sample &
L7-.
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(3) IEMEEOHIH
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THEE AT LI ICHIA SN D, Kt~ Rioxkt
LU CRRE L BB O KT — 2 O BIEEE £ 4 1287
O EEMEICERET S & O ICE&E—ZITx LT PID il
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Table 4 Corresponding action and target value of motors

: Front-back Right-left
85%%3 Action motor target | motor target
value (rad) value (rad)
CL Stopping 0.00 0.00
Going
RE forward 0.55 0.23
Going back -0.49 0.25
TR i
Turning 0.25 031
right
Turning
TL rear right 025 -0.31
Turning left 0.25 0.53
Nod Reverse - -

RE: Raise eyebrows, CL: Clench,
TR: Turn to the right, TL: Turn to the left

5. EE&

(1)  #Hfta< > FERl

Method 1~4 ORI ITIEICB W T, #fta~ 2 RO
BISE 2 BT 2R EIT o712, EBRTIE, S#fta~
VREAOBETOASL, VATFLANELL #fta~v R

Table 5  Accuracy of recognition rate for each operation command
Environment | Method RE CL TR TL Nod Average
Method 1 94.4% 96.3% 95.0% 98.1% 96.9% 96.3%
Method 2 93.0% 92.0% 95.5% 94.5% 97.0% 94.4%
) Method 3-32 89.0% 85.0% 93.0% 90.0% 99.0% 91.2%
Statie Method 3-64 84.5% 93.0% 95.5% 93.0% 95.5% 92.3%
Method 3-256 94.5% 91.5% 94.5% 95.0% 97.5% 94.6%
Method 4 89.5% 91.0% 97.5% 95.5% 97.5% 94.6%
Method 1 72.5% 92.5% 60.8% 70.8% 71.7% 73.7%
Method 2 74.2% 85.8% 95.0% 92.5% 93.3% 88.2%
Dynamic Method 3-32 89.2% 70.8% 82.5% 86.6% | 100.0% 85.8%
Method 3-64 87.5% 80.8% 88.3% 82.5% 96.7% 87.2%
Method 3-256 98.3% 81.7% 89.2% 89.2% 94.2% 90.5%
Method 4 82.5% 91.7% 85.8% 85.8% 93.3% 87.8%

RE: Raise evebrows, CL: Clench. TR: Turn to the riaht, TL: Turn to the left
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Table 6 Average number of the video frames and time lag
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Table 7 Total score and rank

Distinction method Total score Rank
Method 1 196 6
Method 2 266 1
Method 3-32 219 4
Method 3-64 235 2
Method 3-256 228 3
Method 4 202 5
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