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IMPROVEMENT OF CONTROL METHOD OF AN ELECTRIC WHEELCHAIR&ING
ELECTROOCULOGRAM

-Distinction of involuntary blink and voluntary bk by identifier based on Support Vector Machine-
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In our previous study, a control system for electvheelchairs based on electrooculogram (EOG) was
developed. Using the motorized joystick controlidedeveloped in our previous study, the electhiesichair
can be controlled by a command assigned to usaets €&/e movement (right gaze, left gaze, up gazend
gaze and blink). In this study, in order to imprdtve control system, an involuntary blink and veédum blink
were distinguished by using an identifier basedsapport Vector Machine, in which the feature vedor
composed of the maximum spectrum value of thetreBfilequency analysis for each EOG signal. Tduata
the proposed identifier, experiments on investigaticcuracy of blink distinction between involugpthtink
and voluntary blink were conducted. Then, the psedadentifier was applied to the electric wheetatntrol
to enhance the performance of stop command. Im twrderify an effectiveness of the improved corgystem,
running experiments in slalom course and stoppipgraments in straight course were carried out, thed
results were compared to those of the previousaaystem. Experimental results showed that theristy

performance of the electric wheelchair was improved
Key Words : Electrooculogram (EOG), Support Vector Machine (SVM), Blink, Electric wheelchair
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Fig.1 Position of surface and reference electrodes
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Fig.2 EOG waveform for each gaze
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Table 1 Magnitude of EOG of right gaze in Chl [uV]

Subject A
Subject B

Subject C (3 day)
Subject C (4t day)

WIAZBE Uil H R, 2071 Cid Chlfks L OYCh2as,
EHMR, FHTIX Ch3B XU Cha DI E S HBRE 12 &
S5PNEE—HT 5 L ihbhot-. 72, EHFRICENT
IZChlB XU Ch2 R ig»E W IEAZEA LD L, ToX
DLt D ED2iBY FTEL, B IZBI L TlL Chl~Ch4
FTIR_RTCRELBICARD HDE, Chd DHREAMIZRD
HLOED2BMVFIET S EnbhroTz.

F1 XY, IREMBEIFITRE LZ-400uV 55 400p V
OfExE & DN, TOEAZEITE100uVIEEGFET D Z &
Bohoiz. FZOFENIEAZEDOLR LT, TOHD
BB OIRHEC B O e 72 B 0 A E I L BT D
L Nbhot.

3. EREKEBIDMA A IE

(1) HABNE

REGEBI O T THALR, £FHR, B, THHR, B
HD 5 SOBEO#RIEZTT 9. HRASH I =3 HR O
A IRAE SR E LS i (Polymate 1) JH VT 4Ch4y DR ENL &
HE L, MATLAB/SImulink |2 X v & L= BT — 4



BB A Z L CEMEEZIRBIT 5.

(2) #AAE

IZUIZ, 238 T~ L 5 RIREMEFOMAES
TELET DR THDI, FEOESLEITS. FHl
IO THH O 10 TEREORKEZIRG L, £ Dk
KETLUFRICERET 2554252 &1L, BEIRY
WZAER-1~1 12 E D L IEFUb 21T 72, AW, £FH
B, EHHR, FHHE, A (3E) DIEICHEBREZBE LT
B EHLIEE Z X 412777

af ’ f Ch1.Ch2 Ch3.Ch4
(V|
W b
Ay L\ —— VY
- IR N AN A
oy Wb a1

Timef[s]

Fig.4 Normalized EOG waveform for each gaze
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Table 2 Condition of identification

Chl : Ch2 Ch3 Ch4

_— 1=t peak~ - 0.1<Ch2- Ch3<0.1+ Ch4<0.1~ 11
2nd peako + Ch2<-0.1¢ -0.1<Ch3- -0.1<Ch4- 120
Dt 1st peako +e Ch2<-0.1- -0.1<Ch3-  -0.1<Ch4. 12
20d peake - 0.1<Ch2¢ Ch3<0.1¢ Ch4<0.1+ 11
+o —a —a +a
1=t peak« 16+
o -0.2<Ch1<0.2-; -0.2<Ch2<0.2 —e +o
- —e +o +e -
2nd peake 18+
-0.2<Ch1<0.2+; -0.2<Ch2<0.2¢ +o -
e 1=t peaks —e +a +. = 18-
= 20d peak. +o - - +o 160
— - —e —e
1st peake 224
. = —o +a
Blink
+o + +o +o
2nd peake 25
+o + +o -0.4=Ch4=<0-

R 2OEMEWMT-T L, M5 RIIRT XS ICHIYHED
Hhsinsg., 22T, 1EHE 2FRBOEY—ZEICKIT S
EIMEOEEZID Z EICL Y, FHET 1, EFHET-1,
EHET2, THHET2 BRET3I LW EREGELN, &

W{EZ T2 LTSS,

Assigned Value[-]
I
=

Ch1 Ch2 Ch3 Ch4

P : fh
— | I I
= [y P [efy A
g NI Py L e |
I [ A e L e
i Y A /
A v VAN v
WY, vt
A 1
Time[s]

Fig.5 Assigned value
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Table 4 Accuracy of identification (common meth{b)
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Table 6 Accuracy of identification (individual nhed) [%]
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Fig.7 Electric wheelchair and joystick control dmv

Table 7 Corresponding action and motor targetevalu
Front-back  Right-lefi

Action | motor target  motor target

Command

.. Rightgaze B
Left gaze Turn left |

Up gaze Go forward. | | |
Down gaze Go back. | -0.49. 0.25.

Blink Stop. | 0.00. 0.00.
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Fig.8 Experimental environment of slalom test
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Table 8 Result of experiment [s]
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Table 9 Accuracy of blink identification [%)]

(a)Former 4 days (b)Latter 3 days
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Fig.12 Experimental environment of stop test
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Table 12 Traveling time and times of stop in stegt
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