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TE AXHHT M LRI NEF I WEZ T A (motor behavioral) Y AL H 145 ] 77 % By #F
RAR EETHAUUT s AHE: (1) Bl T —REH D NEHT 00 B, BT R Mk A2
T A s E (Bl a0 KRB (vibrissae). BB MAX T E HERAETH
Sk AL, K FOFRIE 5 B 8 22 5047 42 A B9 RAL BRI (brain representations)
Foig B (R 3% X N B 3 H A AL A (neural sites); 18 3T Y BUGE H N B L5 BB A R
BRI AL, B4 BT B AT S K e B A TR, (2) R T A TR,
Bl «E SRR (sensory)s BUAL (motivation) FE 4 (emotion) Y1 4 R 41 5 32 2h 4T K #8 %] Z JA] &
27 WIR, BB T ZI AN ERFRE. (3) Sl T LUE F o8 20 W12 20 4T A R R
TS, H LB AN BB T R EiT.

KR WALE EARKRE mATAES AWAEAN ILBAL/M HEWERE LD

1 5

1.1 FIHEANR

PN WIR EHF N (cyborg)”. JLHZE, MRS ZNAT A AN AL M)~ S B, G K
RS RENS T EUR A NATHUEE BAT 4 IARKIKDX (brain region) i/ A#hes, A IO T HL
5 A R PR 7 A BT SR I X /R 28 (1 3 A e e, 3 B R B N VB BhA T, NI
RS PP I AR (P d23), BE I S S SERCE RS I el 2eis 3, 5 AR s sh AT
SNBRAIZY). N E R LIEARSINE D A (BN, BTN “shpLgs N [, T
EE AR SRS Y, BreAB Ry “Ei A

jlll

1.2 N AR LR

HI BN IPLEE AT FEAE R Rl o TR | [ 5o 4 S AU AT S S R PR RS AL, R 92
TR RATRIRIGRNE « R RS A PTE I (ORI KRS T8 &1 A TR e A& B 5
ZERRIRF SRR, H AT Ok %52 O E BRI 2002 4F Talwar 55 1 A7 A 5}
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FEE—ANEIHLES N ——“HLas N K (robo-rat)”, s&—IUH-GIPE TAE. AR SCHEE T 2005 A HFR
I HLAE KRR 2007 SEBF A H TS B35 —A “PLEs NG5 (robo-pigeon)” (SKEGREKIE T3 45
IZKAS)\ 2011 SERER R IIHLEE A, DLas ARG IR RIZ Bl LR | FEBYE ) FsE 7y K. Hoflh
FEA A AR 0, AT LA N R MLEs N Rl NifEfass 5 Bz AT B
E 2 i BB ) S MR FH BB 9T 07 AR A AR, R HIX AT AU R s K.

1.2.1 WMBEHINAE

H TR % (B 7iiial) B2, X B H RS2 2 R AR ME I SR 5T 2491

581 2K WA, WSS PIBLES AR HLEIE H 12 T s iz shiT A, Br BAY
H P IIE 8 RG], BT 32 RG0S i B AR s sh s 7F . Wil — &
S ENVERIE BB EAT A I HIE & W fiX 2z AT A SE a2 g 12 (BREhIE) S ph 2L
L 6T X RIS, X AN S 2 MEARE MM ZEHI: (1)Sato &5 Bl #F A& ) Mecynorhina beetle cyborg.
VAR T, 6 “<9ashiT A HIHLE 9235 T Mecynorhina beetle HZ4EFRE & —— KFH KA
3, Aok P B e P S Sk b UL PR 28 S 42 S BS 1) B s s . L, A7 im) Jhks A 32885 AL AT 41 5
T ) J i S I UL DAY 52 1 AR 8, 70 1) R o Jk o PR A2 5 SR IORR 5 BORL DS AT V5 22 W B 3y, SEBLRAT A
AT, T SR A [0 % UL AT PR Bk i S, SR 23 S R Y P AN SRS PR iR S B, AT
S ATIZ BN Ao A e 2009 48, ARATT SR A2 i AR 7 rp s B il 2 SRR pR ok P ik K.
KL BRAD KRR AN, RATENE . AT IR O AT U () 2 T A UL A A2 SR (2)Bozkurt
A5 R BB R AS . AR A5 5 UL PR 20 ke B e SR B UL PR P gt A ke, 4673
WIS RN, AT ] B RS AR AT, Ak, P S0 R R ik RS e (R e AR R N B il 4
W, s AE ok B AT B AEAAR S, G R ATS BEAE p A A AT RS ol ST 1. AR SR X S
WFENPINLE N <128 AT Pl HURIFI Tk B AR il sh i se e “BARSE 7. 5 Z A0 R,
P KBS i £ B EE RS (F DG BB LL S S e AT T PR B 4 28 S Bl i 28 21
(1) AhAgRIRIE s RGEIAH R LR Tz 2 L2 B S ) SE I TN sh A7 W i s L
(BRR “FEHINLED). A SLIALRIEIR R Sh e NisshAT A 1S IR BT, JURE SOk 2L T30
(1 A0 B R, T AR VLA 2 S R AARIE 3 3l A SR S AH F Hs ke A R RIS 5

95 2 28 DA Talwar 25 ARG, AbATTAN 2 38 423 TP AR PR EL AR B A s A K BR AT e R 1
XA L, T H s g A R 5 RLIRIEOR BRI 2R Jixi A AR X (brain representation),
HIX B X K G 3 K I S AT A, AT SEBL T s sl E A, Al fiTae FH R B A 20 AE 28— IR A4 B it
JZJZ (primary somatosensory cotex, S1) XX FINMIATN R (medial forebrain bund, MFB), H %
T FAE 5 i MFB AR ™= A U ar Bl it 548 (W erak. PEaotarss), S8 423, midd
FIEOR BRUSHZAE ST X IRARER X, A O Bl iz LA Ay Filf 1) B A 420 1 A . b 25 AR 38 3 7 T, ATk BI0E 3
AT RSN ARG R, e mo Sl NsshiTh “51 57 BIRCR, Talwar S84 1 HT « R4
BB 5] SR R BT N SR, RIAE 4 RO SO0 ) SRR X I, 4 K B A B8 1E A 5 AR i
A7 ), WP MEFB 1 DAAEE (L2 Toar Fl <Mt ; (HE K BRSO 8K BE IE 0 i 3 g vl
WIASHI MEB, AT 25 XA, 20— IR RSN, s B R “5 M R —— B4 RHOK B
AEATT— M EAZARZRE X I e HR R R At 53z B 7 ). A B7 1k 2 A S S gk Ok, i — S8R 22
2 LB,
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PSSR S B SR R, AT TS RS A A B s, B B RS L K SR fi

INAE.

1.2.2 HEIshvl s AR REAER O

M BRI SRR, TSNS AT AE 3 AN 3 P Y i)

(1) BUAT % S BIHGEIE TSR A7 R R BRR R (Bl 00 B sy« K BURTIANSE ), AN T iz
AT R RSEPENLE. 25 AT B P 3, CPRE s sh b Las Nz hlsh e s, ReeNsit)
RIRFAT AR B N T IR, U IIF ST 4 R OGS T 201 8 5 B S AT SRS R 3.

(2) H RS S S Eh WL N2 shAT bl [ RALEL R s A A B iR, 3
B ROHERIBAB A TIE M B, AOUAEERZR, i HAFRRE MG TS T e B A . XA
S A UNEILYLIRYNIRE Sl

(3) I TN AR > i S 2 RN A S, 524 BeAT — MGV E SR GG (KB T 44
R, Xz e EE FBUIR O FI 1S P NETER eI st

1.3 AXITIEMEERR

ASAEBAE IR & ARG 1 I sh T ] (BLas A89) I fet, BRI, fwen A
PIAATHIRER, FER BB L IR T — T BT 7 R 200 R 32 2 i

(1) FEFEHIALE L, ASEBIFFTAnfr A S 0 AR BURS , T2WT s s shAT 4Bl 3L e mL
il ZILPERRALE R SHWIFE A SRS , BaAT W R AERR T <A FRIEE A 5 ER Rz )
B ARSI FRRGE R B 5 BRI (BlnshHL S 4, #t AMZ fE S  AEma Rgih R
IE AREANAE B, AIZX— LI A, F5E S I 34T a2 il o< IR L A FEAH 5 R i ARG X, e
RENS SCHLPIT 738 B4 A 42 1 1R o P AR DX R DX PAY PR3 P PR 26 s 38 I 7 A 22 A2 £ R )
2 15 5 L L ik A AR X IR A7 T, BB RO T e shAT . 0] S S FLIR B M
S, UE WAL AN TV B AT S S V. e J7 (8, 8RS0 <A IRy <X, ¥
ELFE N A L R IX | PR TR 28

(2) Bt T TSR, B T ST . ShHLATR I W R SIS E T Bl
IS B JFIRIR T 20 i B ph 2 B 4

(3) FEAAT 5 AOLEHR L, WIHASR H ORISR 5 2o DA A2 R 48 [ A IR 2245 R 2 i
HBRI S 5, %055 N R AR E (BRSO B s e oA 18 HL I ); 4 i A IE s
A FFE L) 2 P

(4) Fe T LaRi8 1, ASCER I T BA @GV S Pia S AT A FEH 7 ik vk T B S Y ] s 2
2 T “EREAT N (actively avoid behavior)” [FJRIEFN TV, FRAMCHS T AH R 1) SEEI0IE.

2 —MpEiEiE R R s ER A RO REATL I AN 75 %

R CARZ WU AR ASE 3 R SRR RE SCHR, (He AT 2 0 R iRia sl SR ZEAS S ALl i
WET; 05T W 22 R sl Ay S BT IO 038 3h AT (4 SO RIRIE 5 PR SRR AN 2 L. DR A 53 il
YRS SAT A RS- AT TR AR IE Bl 2R GEA 5 (AP 2 HLRIAN R, & 2 i SR A e Xt
WRARIE Bl R GU AT IR AT RS s AT . IRt ity EEAEREAR KT B T A 2 e s 3 5 AN R 2R
IBEGES (voluntary movement) 2 [ K SC R . e A HE AT SUMIS L i (X R % ELHE AN / B3 1) 12 1 42 )
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WARIB B ARG AP da 1B ZNAT A, LSRR LA T S X 2 T g A1 B i, AR BE AT A
DRI BN X (A2 RGeS BN A S (RN, 3 H AT s Las N 32 2T Bz —wle s prik
J350 DA T LRI, BT LA s 2RI 5 R R e 22 R 2 WL, AR AR AT AR 2 2 i e ORI 2 385 L
R 52555, AR, FEHE s AT (RN ATL TR sl e 20 2 A A LR S AH L SG IR AN v] 23351
[R5 T ASSCIE R R I ANy RS, s blas Nz shAT 4l i i LA 2 il vAw T
T ERGIIDIUAR.

AR IE AN FLBI 0 (14 5 A3 2 LA A0 391 15 i ok 2 PR BRI TSR AR AT (1. S A 26
o, NI AR FLh Y R iR 52 A, SOkt de 4, B 540 R s 48, IF LTS B gi e thml
PERFFILAM RSB YINL G NS 255 5, 76 O B i SCRR P i R L2150 T Bl as NS5 it 8 540, A
SCE YOI TR RIERT L.

2.1 MR EE. 155 RIBMAE
2.1.1 #H) “HIREE” RHNBAER

ASCZ T AW Y <O AR 3X M, 2 PR IR I LRI [F] I IF ST S e R W, “BE9T
AR e E A IR IR TT 2, VL R I8 5. TR, & e shia shaT A4l sh L as At
FU LIS SRR e JL AR 0 S PR R AR SCEE RIS T ILAS N A S I ORI e A = R
[z ), FrLpLas NS e B A PR PE. 1X B D EE AENLAE ARSIt G R 2 MR A
i, e W] “WESTEARY (AR SRV, SRR IR G RS S I HL A A BIE SRR (RS AR

Ti5 1 5 R EL Sato &5 AR F ) R FIARSRALLIN 77 5. FRATTH AR i Y A5 5 Bl ie 5%
TR B IULI fh 28 2R GER A A S Az Bh Al VR, (RS AT T TUCR B, EARH N L (s S 450
TIESHEE), 76 H TR AT T ORARMESCINN. IX 2 KA, 8347 4 158k, A4 S 50m Juil
PIAE R 5 AN A ORI A58 T BEAT 8 R AN R A TR 2R P R 35 2l BRI — A a7 51
SRS ENAE, BTV 2 JUULA PR TGS), 5 EE2AN SCEI TIR E 23 UM RIS 3 4 e S i, 1142
AEESN I F AT S R IR 1 (0 RAT, JLF AT RER).

Ji % 20 BT Talwar 45 IR K BUSAZRRE ) BURK X — A= B s EA T #5 hR A CRD v R
T T RS i A3 B DR BRI 20D i P AR DX R ABA I ok A AR DX, AT SEILGS 51~ RAT R4 ol AR 4l
Funkel®l 5 &8 gRAARIEGE IR 5T, ‘& 1 R SCIRAR N E3 (hyperstriatum accessorium, HA) Fl_EZUIR A
& (hyperstriatum dorsal, HD) FAT YRR D fE, T LLEATT R LA FEOISas I (5 oK6 S1 Dhfe
AHAT)) HA F1HD BRI BT 5, SEB RS M 245K B — AR ) AH R — iz 5l A2 2 bk i s 45 2R
R, RIS HA/HD S5 22 AL RN, 891 8 S N e D) M TR BRI 6, 1T AN A& ) AH Y
[ — M ZhEiE €. X T 7 B3R JE RS, A5 KRB X, H RS HA /HD
HAEFERG 1 <R Bk “H T W, ARGt 2R 8, IR HA/HD A BA & iz s h
PEHIBLE, MOGVEH Talwar &5 (1) 775K I8 1 1B 3047 0. A Ad PO & 258 34T b il 1), 3%
MR AERE W T Mo A, I LA A e, i HLaz U R A LA AR B 7EAE
A A B SCER T, AR WL

AT = A T N B4 AR BERHA 28 A2 )5 R BRAR RN JN. SR iRIE By /2 i Akis
BN RGEETIN, % RGERPLE R A4 25 b PO AR — . &) DU FE R SR
WRIZZ 4l 2 R G e ARG (0 7 A i) 7)) — ok 3 AR OKF). Hirh a5 2
BT B J2 I B JE i ) B AN 1 AR, I Bl g (strategy), B EIZ ) HAx Ak iz
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TF A FEHIsh R g iAo ik H LA ik

B H PR A B ems; < inS5Egy Lha s [ 2R/ M A3, 7 37ia s AR (tactics), BIVUL AT 4
I« 32 ) (8) 25 TR RIS T) 22 HE, DA Gfer A5 213 i A b B3k T (1) B Ay “BARSE 40, e LA
TRIATHE NI, T ITE B HIHAT (execution), RIEEIBLE A H br € ) 112 30 1is sl #f 2 o fil )
PRZTEH, FHEORAMAT B IR, e /AT TR, ik 3 AR EA], FEH 58 A [ 28
[MBERIZ3) (voluntary movement). #R1M, [0 S BAEA BEAF RAKIZ B RGE = AaE )47 R, IS 26,
YT R . AR LR AN s SAT R A, KT A SRR ER B 5 30 s B R,
HARANFROR 2 A 5 W EE (FlnshPlS1E4), M2 UMEHEE S (BmaER) e
PR RGEhRIA | AR AT BRI, I R R Bk rH KIS B 45 A 282 FR G0 10 e e S5 0 X A8 B Ak
PGS, METE R T AN “ISZhiEes; 1% ashikig” 13T, W 3 MELES SR, e
FIB AT R I R B AR IS B B . AT AR B S s BREAR I <A IRIEER B & E IS 3
FEE” B HAE 5 Re g Il I P i KIS SR R & R G0 P2 ARIE S AT A, IS Al % n] BUR FHAE
FX PR RS IE B A EAL R NG [ AT HEAS S AR [ RS 5, MRS BIZIA “Hh S Es H &
FUREgEE" MER, B0 AP EMIEaAT A, SEE sz sh i), 8 T Hir Ak
WK REMF IS AR 2oAE 1, X ZEREE S B AR5 1, N REAE T Bl 3k “4h el ) 5 E WL
BRI ASCERRISX— 87w, 11T 5HT A KO RE B s sh AT sl s
SRR IFEE T SRS T A Y. PR B RN g

MIERBIAE B HE S O R ISR IRLE A, AT RER ™ A 3RaE AP SRR A B s
NI 1 Sy A b S M LR LA SN DX (D) i i A ARER X)), A B HE RE S
TRITHZ AT D9 0 38 R EAE Bl R 58 P2 IR SR DX R i X FRDE AR 27 sl XA “IEE AL

PR TP 538 AT A Pl 0 RO S AN, R 5 S 53 10 B R P LA D RIS, . 285 =, R
A EL AR B A 1 HAE S R (BIVEN) Prade Bl 7 o, AT i DX DR e % 7 25 By
i K] <AL EY S IF_EAR SN I e sh i il 2 R e 55 2, tit™ A2 e 132 3 s, 75
HIZIZ B 3 BT 5 (38 3047 0. IX i <710, 2 B RS 5 BE 5 s R 4o
[ A7 PR AR A5 AR BL, ST A 00 RO L B 5 R AT AR (K5 AL, WIE i S5 4™ 1 “ia
S S TS s AT A2 AR, IR AL S B A% w) U AT SRR

BT A Y, ASCH ) “ikDX (brain region)” ALFEHLEAZ ] /K2 7% . 2 RN B JZ 1 BN X
PR I, 241 3 B 0L. 28 1 28, fEMZ RS (WHIEE . ShlMTS R ay) [ LAL IS
Hh, IEICRENS 7 A TS ZAT D I AT NI X (9] G e e A PH AR B 22 oK), DR AR U X 1) 36 B A7 i
ANTGile) « 5 s B e 57, DAUVEZE AL PRSI <[ fheeff i A
SR SEN PR MZAE BT S BRZON SR AR S R A5 S RO BRI, RIRRh
SHURISD . XSRS AR SN ™ <R 5, JF HLRIRR & A% B P RRIE s % i 2 R ST Bt
AR, FAEIZSE R RS <R MEEEARKEN —— 4 <dazhio”, A=A B if 11z )
1704, 5 2 3K, HEGRI PGS s A 22 R GE s S G AT R IR (B2 X)), A {0 ppzedfs
SN RL AT S R PO LS XN, e i S R LA AN (R Ia S s, BB s s AT . 5 3 2K,
TRA 38 A, XA R CRBRUE R Oy FAR LS S i S R A
S, AR RETEAT R AR FORIEE E 5 el E R, B, f REE £&
B JZ 7 ) <2 (experience)”, E- [ A AR 22 A5 BLAE I B2 7 AL AR IR GE AT [R] BATHIE. — FLS Ak
LI, X8 e B2 T k.
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B 1 (EREmEESHHER

Figure 1 Pattern of constant-current type signals encoded. (a) Single biphasic pulse of which waveform is measured at

two ends of 10 k2 resistor serially connected to the stimulating current circuit, and needs not for serial connection of this

resistor during the actual experiment; (b) one pulse series
2.1.2  {ZRIEHITHRIREFTTE

T BIR AR, AW FURISERAIE S, AT DAZS 22 Rz sh Wpas shAT 4 i BRI T 7. A
SCAN . 5 [ 5 T 2 R s 2E T <8k T oA (actively avoid behavior)” JEU ! [P H vk, FF
LA WSRO BIBEAT e, « okt ts A 2 sh PRI I BE Sy, T RIEEh % s
BEfRag 80 Al . RSB DL BRI« DRI IR A5 6 5517 4 (R X, #8362« Ah Sl
Bk B 5 R R geN - AEIssh AT A X B, B DAHSRE 5 U sk AT o . (H S
PRAG 0 52 e Ak 84T O O HLRE M2l LI IRE )y 1] D IE 5 EE% L& LA T 2 A .

1) IERRE B X AL i KRBT ARG ot b S5 D SEBL IOV i2 3 %
A, B AN, BRI O LA 7390l 5 % P A 3s shAT AR S AR DX TR DX FR A5 i X 23
) L 2% TR RAE 5 P, RIS S RERE AR 75 22, SE I A M 23 Sl RO BRI DX, 2
PEAHN R BAT (BRI T S 17 22 /A8 34 ), T SEBLIUIRAE sh g e, T AR s, 1
0 XA 8 fi DX R I AR AT AN TR AL 0T 552 XA RZ AT U RES - S50 [ ) i R i 0 ) fi
X, —— PN SOIRAA S35 (posterior part of archistriatum), LA BEME S 250 {1 5K A4 Sk 2] ik 1 R0 94
T PR I X P E i R BE AT TS S 4% (nucleus dorsalis intermedius ventralis anterior, DIVA). X
an, XTI FLEENY), 51l SORAR S A I I D B SR A M 2 T 4% (amygdala) LA
I#% (basolateral nuclei), 55 DIVA 55| L e R ABAAT B fisi i B )5 #MUAZ (ventroposterolateral thalamic
nucleus, VPL). AR SCRFIX LE i X AFZEALHI IR0 (P WL 2.2 /NTT) R0, X T [Rl—28304, R &XKIhhe
I AT 2 4, Fal A% A AR IR i —19). i, oK R A0 (periaqueductal gray substance,
PAG) 5t GUIRA 5 5 B RS ML 547 RABAIAE s AT 4= I DI g, [RIERE 08T B0 JEFN FL 2K 5h )

2) &R S A ORI A JE T A SRIUAE MR IR SR el e (e B AR . A2 T
224 R A S BN X — IS, L RE DA A & R e [ A PP 25 B o0 H b, SR R vt 5
PUBAR A i F A5 5, A T e 8 )8 7 AR T 2 ) A o 2215 R i, DA 21 55 A7 A 1
[Pl e 2 A ) AR VR . B DA i i 45 5 AR ORI ™ ARt e — S SR TR I LN 4
5 ARSGHFEAC L T, MO TIX 48 IR f0 BB IR L, JA PREAE Sy — R S st ag.

(1) AR B f A5 5 R . 0 B R A & I P A (temporal patterns) (114
M, i 1 s, B 1(a) T, i 3EHAL (action potential) K5 ITIE T4 XUAH (phase) kil
Bl 1(b) From ik a1 i TEAH [R5 Sl A . 1 b, sk P e AT BRI R
0 ek b AN ORI K b 21 AR G I PR A S R S B S L
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Tpo A PRSI Nas sl AT 2 LA vk

(2) PGS A5 S I E e, 5 LA HL A 5 O AR S A A5 5 o AR e S AR A 5 kb i {E 2
ML M AR HU AR DADRERFL AT Pl 2 £ R A e PR AT 2

(3) iy EAR I IRE, WSEHITE b, AR AR 5 RUAAAE Z P, Do DO B SRR AR S RS S <
AR IS B, A IERR.

(4) FESE T RIS, A5 45 AF A2 BK o BT B 00385 2 B AH. (threshold) 45fF; ZERERETHE T, 4
B LA 5 (R 2 B0 ROSCR RS 0 FERR A = JR A« okt 58 8« Jikh 810 v (R kb A SR ik ok 31
INpTES

FEMRSRGS RPN BRI BE N, 4 At F A5 5 RIS SCIR PR R B IKAE B AL L, 35 12 T R
SR AE R, T s AT D i R AT P I 3 ) G B PO A 5 23 D U e/ A
DIVA [RIE AL AR, 87 AR A/ 20 O AR S0 AA ol 4 TR 80 ol s AN AR, TR 3 B30 7 2R A sl kA 7
9, AR B S QAT T i /oA K S8R, R R I M R 2 PR A 2837 i, B RERS P08 17 17
BR800 e /A 3e 8, s A0S i U s ARI2 2 (PRI 3 1T SEy).

AR, MR BRI B E, FURAE T s s AT o (R e] (Bl insiia ek K. Bt AT
RATTT 1AE) ARG T I h], A ] i sl e e hag 1 B 5. <A1 BWEAURE 75T
fisshfie s, AR TERIERE. IR T RS RE, mlRER A s o LS N S AE = 22 8] RAT 08
Rk A TR B T (BIRG KR T, s bLgs N rT s ey, e
PLRES < i Hlas 557 Jon] ELgpl i pess.

FERE T LRSS AR ek b, BT IRAG T AN EN RN (1) ZEAR RS % i Sh Py 1) e 4%
BF)), WIRIFI R 2 ANBEAGAT TR 426 6 20 Be W it IR S W) K ke I F IR FFiz 3l RIS ah &4k T
BEPRE; DI PRIZEIAT T P (2) RERERIIN AL ik 2 DEARZAE, TR BIHAl (AT
“TENREIREAT N7 MRS IE shAT A R BT %, RNZOEUS AR 2 G A AMGET T2
Tz, Houk3 A Fhsh Wt n] - 3R B R 42 5 vk

2.2 FNIHLER NIBENIT A= B9 RHL SR 5%

ASSCIRHUTRIIT S 6 L Ve DA RO 9 3 A 2 o o S B o AR 2 R Se e, e e sl
RGO BAERGE SN B RGN B VI RIR AR, TR A B 5 30 AT A P20 0 3
% A% AR, BRTSURSE . SIS 25 S8 3T N K « ROl A il 2 18] 5C R s LA, A
P < TR A S RRE SRR 1 AR T2 AT 07 BIHLAR; AR XL L
RS K 30 AT A I8 3 A%, BT 9T HOE B A X 2 RO LSt 2 i ) Js B 3. TR A 3 A
JT THIEAT ) IA.

2.2.1 RS 5EEN RS KRB

ASCTAEIIRZ L AR L, WFFTAM TR DS (K S 7 B P B Bh Kz 34T D I LA L R
PRI BNAT g 58 SRR LAY, 0, ATt o AT L PR A AR X

R P EO BB A RTINS AT A SRS 0, (HE AN BRI IR IZA B AT e sE Rk
P UAASCom I I B 2 — 2, 00 1AM g sl AT A il ZEim ARt I3 ks 2 ), i B L
PRAZIS B s 2 5 79 ASAAT IO LAY ), B 24t 4 (R LR R P RIS L AT AN RIS LIRS 3047 b e %
Wik —— RAAEE) HURIEAIRRZ A <ashtr A fipLy . AR 3T, X Pz shT bl
IFLEIAT 22 B 3 HLOG LU S A o 3 SOR L) < sk AT 0 iKashdr A ipLs o ikt ie.

1136



TEEY FERE 428 B oM

MK SR E AT W FERINUEIAE R — L8, AR 2.2.3 /NPT IR,

WF SO WA i o F BOR FLAN Y T 3h AT A s EIpLE, 2 b TR BIRe hiR < 3hik
WEAT N Db R AR I IX S FE@ shz hIALE]. CA W GIESE TO~100 Pl fLahnii 5, >k B 9KF-F10Y
JE2 ER 470 IS | P e o R s i A S AN () B 458 3 RS 21 i 5 4% (ventral posterior nucleus,
VP nucleus), Z UL 4k (velay) 1173 i FEE RIS JE AN R X8R, i Bz J AR AR 3 26 8 (7 JE AR P A Y
(1) S 5 Y. REIEF). R IX —mEHLH], TAVEEME G (VP nucleus) e A& «F kAT
h7 s LS XA R B T 1 RS T A s S, R T cih itz R
AP R A R AR T AR MR (R A, T DL KA R AR DG R 2 TO AR B T AR AR KR, AE
PORES 9y NEN: bV G b GRS R (YRR S Ve E2cbTow s al W TF 7 R% < =TI P Tt = VA T 2 1 S D S B
AR BIAH DG IR o g 2 DX R R ARl v, S o ST 55 (RN B ATk PR . i s % A R ) 1
Ja#MWAZ (ventroposterolateral thalamic nucleus, VPL) I /NPAIE G P IAZ (ventral posterior medial,
VPM). VPL HA AR« IR S AR (R R4 € AL X, T Sk i M F I AE VPM A JRAAREALIX . 5T,
X VPL Al VPM R8T 175256 S /4 VPL I, WA /20 SRR IR 52 3] “f7 ) Tk
A a2 /A5 Te) PRI RRREIZ ), LW I () SR AB0RE T FH R - (R B3R RIS R s, AT RERE A OR <2
Bl IRE” 4T k0o AR i HURIECZE /AT VML IRE, TSk AR e B (4 B, ma N TR A, A G
WAL 7 1), WE ARG, VPL &R L, it Dhs 20 e 1 L B AT B e shAT M sIpLEr VPL
BE A sh By in) 2o /A s s ia e . eat, o355 24 S ek el e i <2838 iV S, AN
TRRR, AR RS2 R 2%, X AR W s s AT il 2] 7 s A AN ZdE L, 3X b4 P e 52
AR, BRI S =8 ) S A R AL

2.2.2 EHFNEEME RFESIENITH R FRBIREAH

LT “H S EWREsh @ WKah N AEissh A A LS, sy A8 EWEE —
HIr BB HLNME 25 5 3s B AT A S R B L . 5t TEh IR S RGNS TGz s R 48 JFH
LRI 48 1) S LE WL ) 1) RO AN 76 423 48, VI3 RS R e A T A 5 D) SR IR (R Ak HLAR A W 98 A
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Figure 2 Anatomy of the amygdala and control of the stress response by the amygdalel7). (a) The brain is coronally
sectioned to shows amygdala. The basolateral nuclei (surrounded by red) receive visual, auditory, gustatory and tactile
afferents; the corticomedial nuclei (surrounded by purple) receive olfactory afferents; (b) the amygdala receives ascending
sensory information from the thalamus and descending input from the new cortex. The information are integrated by the

basolateral nuclei and relayed to the central nucleus. Activating the central nucleus leads to the stress reaction
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Figure 3 Two robo-pigeons ready for the experiment. The controller is placed on the head (a) and back (b)
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Figure 4 The pigeon takes off and flies in a spacious workshop (18 mx17 mx4.8 m) under the guidance and control of
micro-electricity
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Figure 5 The trace of the pigeon walking along the preset path on the ground which in proper scale based on the
experiment video. (a) Guide and control the pigeon to walk along the straight line; (b) guide and control the pigeon to
turn at the any set point (one color for one circle)

Bl 6 HBMABEFSELENRR

Figure 6 Photos about life and propagation of robo-pigeons. (a) Kissing after successful courting; (b) hatching;
(c) nursing
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Brain mechanism and methods for robo-animal motor
behavior control

SU XueCheng*, HUAI RuiTuo, YANG JunQing, WANG Hui & LV ChangZhi

Robot Research Center, Shandong University of Science and Technology, Qingdao 266510, China
*E-mail: sxch2009@yahoo.cn

Abstract Considering the present problem in the field of robo-animals that the motor behavioral control mech-
anisms in existing cases are all based on the inherent physiological features of animals, the authors present a
common brain mechanism of motor behaviors control and control method accordingly. Three aspects are in-
volved: (1) Presenting a key research idea based on the common mechanism not its inherent features like rat
vibrissae and insect wings, exploring those brain mechanism, brain representations and its functional neural sites
related to aim behavior; and ensuring aim behavior to occur and process controllable by stimulating those sites
with appropriate encoding signals. (2) Proposing a definite research procedure that focuses on the brain mech-
anism about the relation among the nervous system of sensory, motivation, emotion and controls of the motor
behavior, and discussing its scientific evidence. (3) Giving the principle and method for universally applicable
design to control motor behavior of robo-animal, and finally, using “robo-pigeon” to validate the study system in

the experiment.

Keywords brain mechanism, brain representation, motor behavioral control, robo-animal, robo-bird/robo-
pigeon, simulation neuroinformation encoding
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