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Abstract  Recently, BCI(Brain-computer interface) and BMI(Brain-machine interface) come into
the research limelight. However, nonsynchronous spontaneous action potentials and evoked action
potentials exist contain brain signal, and we need an interface model between brain and machine
for control and stability. We have already proposed collaborative learning system consisting of
reinforcement learning and brain signal. Brain signal is interpreted as a deliberate assignment of
the subject, and we utilize reinforcement learning in control and stability for BCI. In this paper,
we discuss the usefulness of collaborative learning for BCI using reinforcement learning. We first
design the collaborative learning system with near-infrared spectroscopy (NIRS), and apply it to
maze problem. In addition, we discuss the comprehensive evaluation of collaborative learning system
in terms of difficulty of the problem, precision of the problem and the mental load to the subject,
and show the usefulness of the proposed system.
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Fig. 1: Proposed Collaborative Learning System
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Fig. 2: Maze
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(b) Non-supervisor Instruction

(a) Supervisor Instruction

Fig. 3: Supervisor Instruction and Non-supervisor In-
struction
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Fig. 4: Estimation of Search Efficiency
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Fig. 5: Estimation of Supervisor Instruction
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Fig. 6: Estimation of Reaching Dangerous Area
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Fig. 7: Total Evaluation



4.2 00000000

A B C D E F
0D000000O0O0DO 120000000000000 002 006 | 006 018 | 002 -022 | L3 00| 065 00 |-006 25
O0o0ooooooooooooogo guoooooggg 083001 | 00 -079| 00 o001 | 00 00 [ 00 58| 00 625
0.01 -0.1 0.0 -0.03 0.0 -0.25 | -0.02 -0.37 0.0 0.42 0.0 0.18
000000000000 0000D0DO0oO0Oooono o0 o8 TERYE 0
0000000000000000000000030 2|00 o DO o Wall
0000000000 000000000 1200000 009 026 | . 002 05 o0 o
1500000000000000000QOD0O000 3,% o5 003 206 | 00 077 [WEeeENGR
DoOd lsidniodoodnoosuonoanodod 015 o4 o 0| 60 23 [EENEEENER
gfjdoooogoouooooouooogooououogdg 00 097 | 058 00 | 00 o0 | 00 o00 | 00 o0 | -05 -05

-0.01 -0.22 | 0.08 -1.66 0.0 -2.84 | -0.66 -1.74 | -0.08 0.0 0.1 0.18

I:l |:| D D |:| D D |:| D D |:| D D |:| D D |:| D I:l D D I:l D |:| D 4 -0.58 0.0 0.0 1.62 0.0 2.57 0.0 1.27 0.46 2.25 0.0 0.0
|:| D D |:| D D |:| D D |:| D D D |:| D |:| D D |:| D D |:| D D D 0.05 -0.39 | -0.01 1.33 0.0 0.74 | -051 -2.92 | -0.67 -0.99 | -248 0.0
oooo 002 om|ou oo |00 19 | o6 aso|22r 0% |02 o0

5 0.0 0.0 0.0 0.0 0.0
0.71 0.0 0.0 -0.06 | 0.0

-0.75 | 1.20 0.0 0.0 9.93
-0.08 | 0.81 -6.4 0.0 1.71

113 075
0.48 -1.22

3.61 5.0 0.0 0.0

18 0.0 0.0 0.0 0.5 .
-4.67 0.0 0.5

-0.46 024

= 16 +C°”ak?°rative I 6 —%.()5 —%23 00 00 Wall 2:)-.502 -0.5 Goal 75 00
K] s Learning — 008 010 | 00 063 053  0.09 089 05
2 u Y -= Reinforcement
:.g 1 \‘ Learning —
k) L]
g 10 3 Fig. 9: Comparison of QQ Values
S 8 \‘
; 6 \ 5
£ - oooo
3 4 \An’
-4 N -
A B L N I 1] D0D0O00O0000O00O0OOoO0OOoOoUooooo
0 == 0000000000000 (2007)
0 2 4 6 8 10 12 14 16
Trials 2] 0000000 0D00D0DO00O0000OD0O000
gooobooo0oboobooboooobooo
. gooboo0g 200000 boooobobooa
Fig. 8: Number Bumped Wall 000000 pp.565-570 (2007)
[3] DO0ODO0ODOODO0O0O0O0ODOOOOOOOO (2007)
4.3 Q0000

[4 000000000000000000000 50
300000000000000000 QOOOO 00000000000 00000BP0S-01 (2008)
0000000 900000000000000000
000 1200000150000000 Qoooooo [

oboboooooownoobooooo sboooono

gbbobboobooaoooobobobooboan
oboooobooobooooobooboooboon

0 QUOO000D000000D0000000 (0000
0)0O0O0D0 (00000)0000 (00000)000
0(00000)000000000000000 QO
000000000000000 Q00000000
000000000000 D1, D2, E3000000
000000 QOO000000000000000

5. 0000

O000o0oO00bOOoo0oooo BCclooooood
ooboooooOooooooooooobooooog
oooboooooooboobooooooooooon
gobooobooobooobooboboooboo
gobooobobooooooooboooboooboog
ooooooobooooooon

oobooobooOooooobooooooboooooboo
obooobooooboo 200000 2400000
gbooooood

2009000000 pp.172-173 (2009)

[() DO0O00O0D00O0O0OU0O0O0O0OO0OO0OO BCIO
oobooboooooo gsoubooooooon
00000000000 1B1-02 (2009)

[0o0]

O 0 0000 O0oooogo

0 569-1095 000 O00OOOOO0O 2-1-1
tel. 072-690-2448

fax. 072-690-2491

e.mail ihaya@cbii.kutc.kansai-u.ac.p

295



