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Figure 1 Schematic diagram of neuron-muscle-locomotion coordination

®1 %S CPG HEXTSY
Table 1 Multi-phase CPG neuron parameters

Symbol Parameters Value
d; Amplitude convergence rate 25
R; Amplitude equilibrium 1

w? = wy Frequency 1.5
Pij Phase difference 0.9
Cij Coupling weight 4

2.2 &R CPG fE#

CPG WA R H 2 D IEAS IR AL, 20 BZAE SOk B AE R R . A 0% #E Cohen
A TCVENZIA CPG R LA B34y (13, Cohen #1428 JT 2 42 XHIBHT CPG B 783 2 2 HH 1,
EEA RIS S, BT CPG ], #h & o2k 2000 A s:

éi = w,; + Zcij sin(Qj — 01 — Spij)» (1)
7y = diri (R — 13), (2)
x; = g(r;sin(6;)), g(u) = max(u, 0), (3)

(1) Fonth g ol MO LA GLRS & 26 2R, X (2) ARSRh A okt MR, X (3) MR e i i
ZAa. g(u) S TCHOR B PR AL, RN R DAL, #hE e A 2GR s Mt
H 0 EAh &SR AGE S L 1

M2 T 2 [A) I e RN SRR E R AR A5 B, PhIS sz . RIS Ll R A28 o e RS
BRA, WA TTE IR R e s T st B s A e nd, AEE 2
Mg irp e dl, TR ALE AN RSEA—SCHT IRE]. 2 ANRL 073 Jl 42 i A NG 1T
JEMUAH LR IZZ). SRk 2 Fros.
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CelllMCellZ

B2 B—XT CPG i&RE
Figure 2 CPG model of single joint

CPG

Snake
robot e
Connection between Connection between horizontal
— . .
like neurons neuron and vertical neuron
Connection between neurons Horizontal Vertical
belonging to different segments joints “_ joints

3 ZIRE CPG #HE. HimDERFKERE T, MCBERKREEWET. AN H—HIEHERAKFRK
FEEXT. TREANEEARMETEANBEXER, Hd i, ¢ + 1, N 4+ i FRWETHHRES

Figure 3 Multi-phase CPG model. Hollow circle represents horizontal neuron, solid circle represents vertical neuron. A

group which consists of two neurons controls conresponding horizontal and vertical joints. Types of lines represent the

coupling between neurons, 7,7+ 1, N 4 ¢ are the orders of neurons

B — 20 H T 1 HI 7K P 51 B2 oo il — 20 T3 ) B BLE s B 2 e HE R il — 5, T i g
FEHL B N — A A HIERR REE 3. WL as N JLALIE 3 e 1 st M B AR N 5 801 CPG RS, (RN
TR B A% 38 L A0 Ul P R B AR 2 R BT DA 2 A CPG B, L4535 CPG B4y
WE 3 Fron.

2.3 ZiE7S CPG WREMBEDREER

CPG AL I AR A, FEORAE FHPERE R AT SR T, ROZR AT REI/D M4 o R, K CPG
BRI R B, $ i RGPS, Wl 3 R, CPG BEBEET Y 4 MO R, TSR
F 3 AP e RIREREAE A2 2 AN, 43 Bl H]— AP R — AN E O, il 4(b) B, 2104
—Hep AT 3 AN ITR, TR ARIE AP e AN B B 2 e AL A A R e, i 4(a) TR,
Celll F1 Cell4 PL K Cell2 F1 Cell3 FIAHA ZEA o, W LARIEACFFIRE EIZ B A e &R, T2 A A 3
A TEH, 5T S R E R R R AR RN Celll(4) WL 2 2 FPAS F FIA AL ZER,
R B AL EL, AT RIEIEYHIZ3). R 28 CPG A R — T i T 0k 4 & .

3 ZES CPG HREMEREM
TR RSB AR R IE s R NS NBIEshiz ], AREORICTIEHIE S EfeE. Bk CPG
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f® ft+o) f@) #fi+o)
Cell4 Celll(4)

Cell3

f+¢) f(t+¢+(p) fa+¢) fa+d+o)
(b)

4 (a) FRFHRETMZERETEMERN ¢; (b) P Celll(4) TARHETRMBEMEX,
ERRAEADREL
Figure 4 (a) ¢ represents the phase difference between horizontal and vertical neurons; (b) Celll(4)cannot satisfy two

phase difference at the same time, so there will be a phase chaos

BT [yt AR RRE 1Y, B2 U CPG 31 /1 R G e A2 SR, i T IE L8 NS5 Ry
RIE, ANFT Y2 BN e LA, B EE T LRAER 2 M5, RN A CPG A E VLN
UERSE N 7 HERE. thT CPG BRI R I8 E, RER ARSI SRS TR e FEAL SR N CPG B AR E
P RAIER 7D (a7 SR O, RIECH CPG BRI —5, M v A @ MEIE T Fon &, R FE B8 R AN
e B0 RICEF RIS NGRS AT, AR HOME R TTIN 283 CPG BALRIRRE M, A
B EORE 1 RS0 RS E

BRIETENLE AA N A IERZR RS, Kb s N MRS N M. 5 AR R 24
& CPG MW M N TR, BH 4 ML, 3 AN DA IT. 2R CPG BRI E M FIE
W50 2 B85y, s Al N3 (1) AR 22 AR e PR AR 3K (2) mhiE e AR e P ARE .

3.1 tEfIZERREMIERR
A (1) ARG TTAR AR 42 0, B & 48 o B) RS A 00, B i 58 6 Tk P 4 22 e ]
PIAHAL G R APRUEE SRR E, 7 BRI & 4R 37 f B AR AL ZE R b s e . B0k, 1hie
i/ CPG RERUARAL 22 USSR AT B R — AN T4, CPG Bl 2 Mg udl k. H4h
WA 2 Frs. 2 NG T AR AL -5 R AR I 4 Rk =08
01 = w1 + crasin(fo — 61 — p12),
7'?1 = diri(Ry — 1), (4)
O = wa + co18in(01 — 02 — p21),
Ty = dar2(Ry — 12),
HH, p12 = ¢, c12 = a1 = ¢, p12 = —po1 = . WL ZRIEA N
b =0y — 0 = (wy —w1) — 2csin(¢p — ). (5)
FRYE-F-1hi e 2R 001 430 (6) gl e i, 3 (5) it fa e 1.
¢’¢=¢ B
D¢ (6)

o < 0.
0
¢ =0~
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NPRIE (4) Prtiid RS RSE VE, 75 B 2 A0 R A2 B R ], B

(7)

c > 0.

{ (s — wn)/2¢] < 1,

RABKAY, W DAHE S AT LA 3 o CPG BRI eSO AN 150U T RS E L. 1B
3 TR Z A CPG BIARIHER — Moo #iE 5 e M 238 3 i 4 Mg oiliE. 2R
CPG MR RIERL R 2 M TTIR IR & 5% R BRIk 50N

bij = (wj — w;) — 2ci; sin(pij — i) — Z cik SIn(Pix — pir) + Z Cje Sin(Bje — Pje), (8)
k#j e#£i
Horbcij = cji, 0ij = —pji, by 5 T DMPRITTNG j DA TCIAIRIMENLZE, (w; — w;) WEFHE TR
AR ZE TR TN PR ZE ORI R RE S I, ¢y ARRES ¢ MR TTAIEE § DA TTHERRE, T ey M
cje MMAEGEE @ NEEE j MG ITHER FABMP AL TR ERAE. B2 CPG BB N A4
LT, BB R SR A 42N — 1) A, X SR DUEFE R TR Aok KA

b =W +Co, (9)

@ € RACN-D ZMMETMBNRE, W e RACN-D BIRERE, C e REN-DACN-1) F2H
FERE, Hoh & — A R ERERAM BN L TC A S E. 0 € RGN IR A FI# 4 o a4 & N4
k. 3 (9) PRENRKRRIEME XS IS A.

A RUE R, REMMERENE, ¢ Mo ERHL

&, oy =0 (10)
8@1]/({9@1] s < 0. (].1)

T3 (10) B ert, 2 (9) &N
co = —Ww. (12)

SCA BB KT MG TEHTE R ARG o, TP % BB A2 T — i b §R
H. Hoh ot Bl ot EARNE. T E)

h _ v
Wi =w') N
QCij
h _ v
Wt N1 aN,
o= RE (13)
) N 1. 3N,
cij
0, HoAs.

BT O T AR EIEME A 1 IETZ RS, B AL N /N T 1, B,
[(whn, — wy)/cij] < 1. (14)
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K (11) ATRIEN
0y )
825 b = —2¢;j cos(¢i;” — piz) < 0. (15)

T3 (10) XF ¢y;* BIBRS, 20 (15) 1 cos(i; ™ — wiy) RTEETZE, W (11) XSRS

cij >0, (16)

RIME A2 T M ERAE N KT 0.

3.2 MR{EFREMEAYIERR

i (2) Mo MR E P, o ARG I, B R o A AL, [k,
LI (2) AW E R AT, R RUE B, a0 (17) g e ns, WK (2) i R

7:1i|’l“i:'r* = 07
' (17)
37"1'/87”1'|m:7~: <0,

M (17) AT RASEH, i fE ARG e X T AT S U PR A

d; > 0,
(18)
R; > 0.

450 (14), (16), (18) #ls L, R KT ZEE CPG B KRG Wiz e i, WL (16), (18)
HETLAE H, RG0S TN TSHINER R Z R KT R, KU SHOT %G BB, XA AR A X
T HAh CPG BRI R —.

4 BB CPG HESHUIFMHR

SRR CPG BH U B EE AR Z —, BN E] CPG BALE & BA RIFHIAT 2, 2810 H
TRy CPG BEALA B S M, IR AR S B0 S R Gkt R e RGO, gl R
ARERIEAL 161, STy 17D STt AT o, AT 15 2 50 55 A vERA PR AT SEME AT A 4. AT
H AR I 2 — R S80S R GUR N 2 8] 5% 2 T A d sRIE, DRI T AR DT R 13 R 5t
B, iR m eI NG N T R B D S AR BE T R AT SRR,

41 PMERGHL NS

BUE TNl 2 Fros 8—2k75 CPG B, Ho f fg e s sk (4), sz 2ok (5), H
TSR wy A wy AL TTIRG MRASR, 1 ¢ Lok MG 2. SR SHGH 250 (6) %
RI,

¢ — arcsin <w22cw1) + ¢, (19)

3 (19) FoRmT LB o KT R Gk A AL 2.
r ONFRZ o KR AR, 2 s (18) I,
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Output signals of CPG
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5 CPG BRESHMTARGMHNEWTEE. HXEEHSH wi, Ri, ¢i; B, HEMRGEL,
MR, BEMBEMERSLETR

Figure 5 The influence of CPG model parameters to system outputs. When control parameters w;, R;, ¢;; change,

coresponding system output, such as frequency, amplitude and phase difference will change also

Ty — Ri7 (20)

2 (20) FRoRTT LGB Ry SRS AR G R .

5 NI HIZHON T R G B s B P 2 CPG B 4 Mo
J%, SAE TG R 1 A S B 5 AR 7 A, 8w, 1.5 ZZF] 3, CPG R b
FARIIE R, & 5 g 12 B, 40 R 1 A8 2, CPG fnH IR E AR 1 48R 2 BbF, S ¢y
M 0.9 2251 0.2, CPG Huth KA M Z WAIRI N 0.9 2805 0.2. AESHASEREF, R G i B, [
I 72 S JUR 2RI, i A5 5 I BT, A AT SRR B AR R AL R X RIAE th AR S
CPG BRI LS Nz hl g ft sz —.

4.2 HIMAGWSLIRE S
3 (4) IR LI A BUE ¢ 27 TE IR TSGR E, 0% B G2 KSR IE. (R
K (4) 2 ML THRGIRMIFE, MR (5) FRH o, T3
¢(t) = arccos(A) + ¢, (21)

_ 1—Be %t _ 1—cos(¢(0)—¢)
H, A= 1+BZ*4CHB " 1tcos(9(0)—) "

BB B(0) = o, 2 ¢ H o &N pn B, I (19) AR ¢(00) = @, BRBAFE—MER/NE ¢ K
TR o(t) 5 on MKW ZE, B

9(t) = (1= )pn- o)
sk (22) BRI o 01 6(0) K o(t) FT AR 1A, B
=5 (1557): (23)

HH, E = cos(epy).
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Ik (23) B, ML TG I IR LR ¢ KRR 22 R SIHR TE

5 (2) 1 d; AR TR KRS R, B IR A R (S SGE S F (2) PR
RiTi(O)
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R r:(0) = Rio, 29 Ry M Rio BN Ry B, B (20) 7J A, ri(00) = Rin. BBAFE—MER/NE c K

FIF ri(t) 5 Ren WIIRZE, B
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i 1 1—¢ RZ —T; (0)
t_diRi1n< panl 0) ) (26)

3K (26) B, 120 7o IR B RO A 2% 50HKE 52 i foh 8 o i i A B2 I F I R 1

A T2 CPG M uh ¥ KBS NS HEAT 70 br, M T S8 w, R, o 5R255
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5 ZHiIEES CPG HESHENRZE
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als +0f, Spin <S< s

min X mid”’
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6 HEIE TR ARG LSRR HEE

Figure 6 Snake robot serpentine locomotion and move speed in simulation
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SETEHLE AV BES BT B m AR | DURITENLEE N BRBNIEE o J5, RITT15 2IReTEHLEE A
HESEFIEEE V. B 6 A IS P a8 N igise 0 25 & oz 3l L

BHAETHEAFRE T, Bl K = {C,/C,]0.01,0.1,0.2,0.3}, BEFEHL 35 A IR E 2 H00 T HoT 15383
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FNEAT BAE TR

£ Ma 5 RBRRMEF T PRI 30 158 TR S RARIRE S aMar KRR, (HE R R T
FEE M TENLER N, REEIRIEHZSRANA G248, BT WEEMKE, MRRRESE aMa B
ma, BETAS 2L S 80 15 0E F T S Ah e TR AL 88 AN i) 0101 B FoRIPIRANFIAES T, 1A%
NA S E & RKENTRRIEESE aMaz 53 REWETEILE AR TKE [ =0.15 m, BT
HEN M = {m|0.1,0.5,1.0} kg, R ER B HERIEESE aMaz. 0 8 F15 1~4 HEWRFTR,
LR N B B A S AL S aMax 040, X SR8 AA SiEshf G %, H
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I A2 N T i m = 0.2 ke, HEFTKE L = {1/0.08,0.15,0.30,0.45,0.60} m. I 8 HHf
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Figure 7 The relationship between serpentine locomotion amplitude parameter and environments. aMaz is the amplitude
parameter which makes the snake robot moving speed be maximum in current situation. The mass of single link of the
snake robot m = 0.1 kg, the length = 0.3 m
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Figure 8 The optimal amplitude parameter distribution of various snake robots in various environments

Qopt = 2.6 - C/Cp, +0.35, € Ap, (28)
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KJZ 0.08 <1< 0.6 MIAFE T RE5 SLhrfi I AL 8 N REE. BRI A] DA (28) MR MRS A
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Figure 9 Performance comparison between amplitude parameter from fitting curve aopt and optimal amplitude parameter

aMaz, Emax is the maximum difference of performance. OP means optimal amplitude parameters, FC means fitting curve

amplitude parameters
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Figure 10 Multi-phase CPG model produce various gaits with various external stimulations which come from central
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Figure 11 Multi-phase CPG model produce various gaits with various external stimulations come from feedback signals
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Table 2 Parameter setting of the relationship between external stimulation and CPG model parameters

Parameters Value
ay 2.6
b 0.35
ap, =xp = z’; 0
by = vy =y 02
(St Sthid> Sthax] [0.01,1,1.5]
(500> 52> Stmax) [1,1.5,2]
* 3 ZRPIENB[ASH
Table 3 Snake robot parameters used in experiment
Parameter Value
Snake robot joint number 8
Outline dimension(length-width-height) 0.07 m - 0.033 m - 0.055 m
Weight of single link 0.11 kg
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Figure 12 (a) Serpentine locomotion of snake robots under CPG control; (b) side-winding locomotion of snake robots

under CPG control; (c) travelling wave locomotion of snake robots under CPG control

6 HiRE CPG HEEBIEHIIE

AR SR A BEIE N BE )5 a T HD S 2R, O T ikie AL B BB S B fE
VERH B S BT FEITIT A T B R 121 B 12 RN BEHL T, R IEAZ A A T AL & A\ J 2
FENL. ERE RIS NI =403, LRSS HS N 3. UAEMTIEHLEE AR CPG B
12 IR T BSEE S A K, 02N 7 HAE . 28 CPG BT CUB AN s (A4
ZRARIBEAES, Wiidt s TIBHLas NS EOERAE ). HoMTBI A 0.2 I, dEIEHLEs AN RAT ffi
RATHEIE, L Ez s, Wi 12(a). HANEREUIE NS 1.2 I, SEFEALES A A f AT AT 0 A0 5 5 40
W, IO, A2 R seis 2, aid 12(b). HAMEEEE— R 1.8 i, dEEALEs AR A
PN HBAE, R 2z 77 AT EGE 3N, W 12(c). 2R CPG B AR 3 Fiub S HREN
Wshte AL & N iRz sh, JF 5 Ve R R &S B — € AU

WEFEHL A N B RER D 580 % B 3G RO DU 5, T B AN AR B s BUE AN R SEBL 2 4
CPG HLA 2 Ful 25 18] H LSRR, AR THe L s NI i), 385 T E L N 3R 5ed B

[
Ae /J.

7 ZEig

ARSCHEF AN R, B SINSMR B E S, @5 T MR A 2RO IR B B
RS CPG B, S T IETEAL & ARG RVE. SCHAER] TR 28 CPG B Az 2 P 1]

660



RERY FERY H4EF FH5 N

B, ITIARIIE T 28 Gty th 1 e AT T 2GS CPG B &2 Hon T R Gkt 520, ATy
%ﬁﬂ%%ETﬁﬁi%A%%ﬁ%f#ﬁiﬁﬂ%k%%wﬁ%%w%ﬁmﬁ%ﬁMﬂV%%%
THEGE, WTITR] DAd i v R A A Ao s i AL RS S P R 7 NSE 2 S CPG B 2 BB A5 I A2 R
AL, 5 1 e TS N PR BT S e

SR T 2R CPG A AR SR EREAT TR AT, JEX B A B th it iz 5 i I 2 4
KRBT T, (AR RS IE T — 0 5838, b T-00 [a) i B 12 2y DA S AT IR 38 30 1) 1) 10t 75 2k
— 3 R 9],

SEHk

1 Hirose S. Biologically Inspired Robots. Oxford: Oxford University Press, 1993

2 Tanaka M, Matsuno F. Cooperative control of three snake robots. In: Proceedings of IEEE/RSJ International Con-
ference on Intelligent Robots and Systems, Beijing, 2006. 3688-3693
3 WuQD, Liu C J, Zhang J Q, et al. Biomimetic deduced robots locomotion control study development. Sci Sin Inform,
2009, 39: 1080-1094 [% /31, IR, KK A, & EVFSFIPENTERWT SR, PERY F 8 FE2R, 2009,
39: 1080-1094]
4 Ijspeert A J. Central pattern generators for locomotion control in animals and robots: a review. Neural Netw, 2008,
21: 642653
5 Heliot R, Espiau B. Multisensor input for CPG-based sensory-motor coordination. IEEE Trans Robot, 2008, 24:
191-195
6 Kimura H, Fukuoka Y, Cohen A H. Adaptive dynamic walking of a quadruped robot on natural ground based on
biological concepts. Int J Robot Res, 2007, 26: 475-490
7 Arena P, Fortuna L, Frasca M, et al. An adaptive, self-organizing dynamical system for hierarchical control of bio-
inspired locomotion. IEEE Trans Syst Man Cy B, 2005, 34: 1823-1837
8 Crespi A, Ijspeert A. Online optimization of swimming and crawling in an amphibious snake robot. IEEE Trans Robot,
2008, 24: 75-87
9 Sfakiotakis M, Tsakiris D P. Biomimetic centering for undulatory robots. Int J Robot Res, 2007, 26: 1267-1282
10 LuZ L, Ma S G, Li B, et al. Serpentine locomotion of a snake robot controlled by cyclic inhibitory CPG model. In:
Proceedings of IEEE/RSJ International Conference on Intelligent Robots and Systems, Edmonton, 2005. 96-101
11 Wu X D, Ma S G. Adaptive creeping locomotion of a CPG-controlled snake robot to environment change. Aut Robot,
2010, 28: 283-294
12 Bernstein N. The Co-ordination and Regulation of Movement. Oxford: Oxford Pergamen Press, 1967
13 Cohen A H, Holmes P J, Rand R H. The nature of the coupling between segmental oscillators of the lamprey spinal
generator fro locomotion: a mathematical model. J Math Biol, 1982, 13: 345-369
14 Tang C Q, Ma S G, Li B, et al. A cubic CPG model for snake robot to adapt to environment. In: Proceedings of
IEEE International Conference on Information and Automation, Harbin, 2010. 24—29
15 Robinson R C. An Introduction to Dynamic Systems. New Jersey: Prentice Hall Press, 2004
16 Concalves J M. Regions of stability for limit cycles of piecewise linear systems. In: Proceedings of IEEE Conference
on Decision and Control, Atlantis, 2003. 651-656
17 Iwasaki T. Multivariable harmonic balance for central pattern generators. Automatica, 2008, 44: 3060-3069
18 Ma S G. Analysis of creeping locomotion of a snake robot. Adv Robot, 2001, 15: 205-224
19 Tang C Q, Ma S G, Li B, et al. A self-tuning multi-phase CPG enabling the snake robot to adapt to environments. In:
Proceedings of IEEE/RSJ International Conference on Intelligent Robots and Systems, San Francisco, 2011. 96-101
20 Pearson K G, Ramirez J M. Influence of input from the forewing stretch receptors on motoneurones in flying locusts.
J Exp Bio, 1990, 151: 317-340
21 Chen L, Wang Y C, Li B, et al. A reconfigurable snake robot study. China Mech Eng, 2003, 14: 1351-1353 [, £
R, 2o, & —FhETE A AL AT, P E AU A, 2003, 14: 1351-1353]

661



R BAT HEEE N RE ) e ALES N5 A3 57

FisR A
N (9) HER T RARE IR
b =W+ 06, (A1)
if{@;gl + @o] AN ZER IR, &1 RRTEANFENT WA TTIRIAARIIE R, T §2 KR FHETI A TT
RARLR A

D1 = P12, s Pi(it1)s - s DIN=1)N» - -+ » D(N+1)(N4it1)s - - -5
DN+ (2N+i41)s - - s PBN+i)(BN+it+1)s - - - » PAN—-1)(aN)];
Do = [P1(N41) -+ Di(N+i)s - - s DNFi)(2N+i)s - - s PN+ (BN+i)s - - - s Pi(BN+i)» - - - » ON(aN) ],
W = [Wi+Wo] MR ZERR, Wi RRHEMRET NI R ICR, 10 We RRHPET AL IR L R,

Wi = [(w2 —w1), ..., (Wit1 —Wi)y o, (WN —WN=1), -+, (WN+i41 — WN4i)s - - -5 (W2N4i+1 — WaN+i),
ey (w3N+i+1 - w3N+i), ey (w4N - w4N—1)],
Wa = [(wN+1 —wi), ..., (WN+i —wi), ..., (WaN+i — WN+i), - ooy (WaN+i — WaN+i), - - oy (WaN+i — Wi),

ey (w4N — wN)]
O = (61 + Oz RAFMZ T AR R E, 01 FoRFENMMATTAEMZ TR R, T 02 Rl
ZWHMETIRE KR,

01 = [sin(¢12 — @12), . .., 8iN(Pi(i41) — Pi(i+1)), - > SI(ON_1)N — PN-1)N),

s »Sin(¢(N+i)(N+i+1) - QD(N+i)(N+i+1))7 B Sin(¢(2N+i)(2N+i+1) - W(2N+i)(2N+i+1))y
-, SIN(D(3N+4)(BN+i+1) — PBN+)(BN+i+1))s - - - »SIN(Pan—1)(an) — PaN—-1)(an))];
Oz = [sin(P1(N+1) — PLN+1))s - - -+ SI(Di(N4i) — Pi(N+4))» - - » ST DN i) (2N 4i) — P(N+i)(2N+4) )
o SIN(P N+ (BN+i) — PEN+i)BN+6))» - - > SI(DiaN4i) — Li(38N+4))» - - - » SIN(ON(aN) — PN (aN))]-

C ZAZBUERE, ARG IO S, RIARZE G a A ELR2 ) 5

2c12 - Ci(N+1) C1(3N+1) o C2(N42) cc C2(3N+43) 0
C = 0 e Cik 0 e 2C” e Cej
L 0 vt (N—1)N  *° CaN-1)aN ' CN(@2N) °° C@3N)@4N) 2CN(4N) ]

The study of snake robots biomimetic control method with the
environments adaptability

TANG ChaoQuan'3*, MA ShuGen'2, LI Bin!, WANG MingHui' & WANG YueChao'

1 State Key Laboratory of Robotics, Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang
110016, China;

2 Department of Technology, Ritsumeikan University, Kusatsu-Shi 525-8577, Japan;

3 China Unwversity Of Mining And Technology, Xuzhou 221116, China

*E-mail: tangchaoquan@sia.cn

662



RERY FERY H4EF FH5 N

Abstract Based bionic principle, this paper built a multi-phase central pattern generator model capable of
producing multiply bionic gaits. This model could realize the arbitrary adjusting and transforming between
different movement types of snake robots by introducing external excitatory, which will be helpful to improve
the environments adaptability of snake robots. In this paper, the stability of arbitrary segments multi-phase
central pattern generator was proved. The influence of multi-phase central pattern generator model parameters
to system outputs was analyzed. For conclude the optimization strategy of multi-phase central pattern generator
outputs amplitude, the relationship between optimal amplitude of snake robots and environments parameters in
serpentine locomotion. Constrains between model parameters and external excitatory were built, which enabled
snake robots controlled by multi-phase central pattern generator to move in three dimensional space and adapt
to environments. Finally, the validity of this bionic control method and the similarity of snake gaits were verified
with the snake robot platform.

Keywords intelligent robots, intelligent control, adaptive control system, bionics, feedback control
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