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The cerebellum that has been considered to date as a biological counterpart 000000000000 0000000000000o0o0oNnonnoononon®onoon
of a simple perceptron is proposed to be reinterpreted to be a liquid state ma-

chine that possesses information processing capability more widely applicable goobooboboobobbobuoobobooobooboobobbobobbobno
than the simple perceptron. In this study, we made a timing controlled safety

system of vehicles using complex information from several sensors based on the nooooobobooooboboooboooooobonooooooooooon

liquid state machine. We suggest that the production cost of safety systems do0ooooooOo0oo0oboo0boobooboooooobooooobobOoooooo

can be greatly reduced owing to simple learnability of the liquid state machine.
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Fig.1 A proposed timing control system
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Fig.2 Outputs of the system after learning. (a) : An output pattern in response to x; = (0; 0; 0;

0; 0; 0; 0; 1) after the learning in which instruction signal was given to the model 700 steps
after the onset of input xi. (b) : An output pattern in response to x2 = (0; 0; 0; 0; 0; 0; 1;
0) after the learning in which instruction signal was given to the model 300 steps after the
onset of input xs.
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Fig.3 Outputs of the system after learning.(a) : An output pattern in response to x; = (0; 0; 0;

0; 0; 0; 0; 1) after the learning in which instruction signal was given to the model 500 steps
after the onset of input x1. (b) : An output pattern in response to x2 = (0; 0; 0; 0; 0; 0; 1;
0) after the learning in which instruction signal was given to the model 500 steps after the
onset of input x2. (¢) : An output pattern in response to x3 = (0; 0; 0; 0; 0; 0; 1; 1) that was
not used for the learning. (d) : An output pattern in response to xg after the learning using
x3 as well as x7 and x5 .
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Fig.4 Outputs of the system after learning.(a) : An output pattern in response to x; = (0; 1; 0;

1; 1; 0; 0; 0) after the learning in which instruction signal was given to the model 800 steps
after the onset of input x1. (b) : An output pattern in response to x2 = (0; 1; 0; 1; 1; 0; 0;
1) after the learning in which instruction signal was given to the model 500 steps after the
onset of input x2. (¢) : An output pattern in response to x3 = (1; 1; 0; 0; 0; 0; 0; 0) that was
not used for the learning.
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Fig.5 Output of system after learning. (a) : Instruction signal was given to the model 800 steps

after the input signal x onset at the time of conditioning (x = (1; 1; 1; 1; 0; 1; 0; 1) ). (O) :
Instruction signal was given to the model 500 steps after the input signal x onset at the time
of conditioning (x = (1; 1; 1; 1; 1; 0; 0; 1) ). (O) : Instruction signal was not given to the
model after the input signal x onset at the time of conditioning (x = (1; 1; 1; 1; 1; 1; 0; 1) ).

gbooobooooobooobooooobooooobooooooboOoooOoboooooon
gooooboooooooooboooobobooooobooboOoobooobooboooooobon
gooooboooooooooooobooboOoooooOooOoboOoOoOoooooboobooOoooobon
ooooooobooooooo
gooobooooobooobooobooboooboobooooboooobobooDOoOn
ooo
gobooooobooooooooboooooooooooooooooDboboooooDon
goooobooooooooooooooboobooboobOOo0oooDoboOboOoooDDoo
goooboboooboooooooooboooooobobooooooobooooobooooon
gooooooooooooooboooooboobooooooooooobooooooon
goooboooooooooobooooooooobooooooooobooooooon
gooobobooodoooooobooooobobooboooboooooooboooboooooboo
O000o00oo00oo0o0ooooo0o0ooooooo LSMOoOO0oooooooo
oooobooooooooboooooobooboooobooOoboO0OooboOoboOobooobooOoboon
ooooboooocoooooooboooooooOoOoobOOOO0oOobOOoOOobCOoOooOooDon
goboooooobooo
gboboobooooooooboooooboboooboOooOoobOoOoDOOobOOoOoDbOonn
OO0OXOROOOOOOOOO0OOOO0O0O0O0000000000O0DDOOO0OD0ODO XORO

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

gooooooooooooooooboooooooboobboooooooboooooDoboo
000000000000000000%0000000000000000000000
gobooooboboooboboooo

0000000000000000000000000000000000000O00!®
000000 LSMOOOO FPGAOOOOOOOOOOOOOOOODOOOODOOO
goooooooboobobooboooooooooboooooobooooooooboOooobooooDooboo
00000000 FPGAOUODDOOOOOOOOODOOOOOOO FPGAOOOOOO
uoboooooooooboo

gbooooboboobooooboOooobOoboboobOobObooDbObOboOobOOOOoDo
00000000000 0000000000000000000 100ms” 000000
goboooobooooboooboboOooboooobObooooooooesomsOOOOOO
000®00000000000000000000000000000 100ms 0000
goboooobooooboooboboooboooooooobooooo0on0nD 460ms 000
0000000000000 LSMOOOO FPGADOOODOOODODOO 1stepd 0000
0000008l ms0000000D0Y 00000000000 0000000000O
goooobooooooooooooooobooboobooooooboobooooooboOoo
ooboooooboo

goboooooooooobbooobobooooboooooo

o o o0 0

1) M Ito.“ Cerebellum and neural control” . New York : Raven Press., 1984;

2) Hunter E. Halverson and John H. Freeman; Ventral lateral geniculate input to
the medial pons is necessary for visual eyeblink conditioning in rats” Learn. Mem.,
17(2): pp.80 - 85, 2010;

3) Mauk MD and Donegan NH (1997). A model of Pavlovian eyelid conditioning
based on the synaptic organization of the cerebellum. Learn Mem 3 : 130-158.

4) Tadashi Yamazaki and Shigeru Tanaka:“ The cerebellum as a liquid state ma-
chine” , Neural Net- works 20, pp.290-297, 2007.

5) Tadashi Yamazaki and Shigeru Tanaka* Neural Modeling of an Internal Clock
", Nerural Computation 17, pp.1032-10580 2005.

6) W. Maass, T. Natschlaeger, and H. Markram. Real-time computing without stable
states: A new framework for neural computation based on perturbations” , Neural
Computation, 14(11):2531-2560, 2002.

Vol.2011-MPS-85 No.8
2011/9/15

7) 00000000000000000000 AcCCOUOO0DOOU0OUOUDOoUoo
o000 "o0obD0O00Do0oOobOoOOnnvol.ed No.10O pp.43-480 20010
8) O0D0OUO0OUOOD JISDOR2 U0 U-000UOO.000O0-000000OO
goooo0o" bobobooboo.ooo2o0020
9) 00O 00O ,00000,000,0000,0000 000000000000
gooobobg b,0000b0obobobbobobo 0. 00b0bo0bo
(1), 15, 1996.

10) 000 00,00 0O0,0000,0000 % ODODOODOODOUDOOUODOOOOOO
00000000 ", 0000 89(8), 654-657, 2007.

11) oooo,00o00,0000 ,¢+ DO0O0ODOOODOO0ODODDODOOOOOOODOoOg T,
R&D Review of Toyota CRDL Vol. 36 No. 3, pp.27-34, 2001.

12) 000000000000 00OU0O0D0 D0O0OUD0OD0OW@FPGAOODOOOOOUOD
gooboboooooobobooooooobooboboboobobobboOoDOoDbo
0O.NC,00000000000000 109(363),pp. 7-12, 2010.

13) 0ooUoUoUoUOoU0oUooUo:.D0oUOULOOO0OOOOODOOoUOULOOD
go0oo0oCooO0,000000oopooooboobobooogogooo, Vol48 No.SIG19
TOM19,pp139-154, 2007.

14) OO0 00O, O0O0OO0OO0 0000000000000 0O0OODOOOO",0000
00, 75(1), 163-164, 2009.

15) 00 00,00 00,00 O0O,00 00,00 00, DUOODOODODDOOOOO
goooboooobooobooobo " booboooobboo b,oboboobOoo
J93-D(7), 1189-1201, 2010.

16) SUBARU 0000000000 http://www.subaru.jp/

17) DO0000O00000 Ohttp://www.toyota.co.jp/jpn/tech/safety
/technology /technology file/pre_crash/

(© 2011 Information Processing Society of Japan



