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Gait Simulation of Snake Robot Based on CPG Method

Abstract

Abstract: Biological snakes in nature have a variety of periodic motion patterns such as serpentine
motion, linear motion and lateral motion. Gaits diversity has greatly improved the adaptability of natural
snakes to complex environment. Biologists has proved that such rhythmic movements of vertebrate
animals are generated by CPG (the central neural pattern generator). Special mechanical structure of a
snake robot with high degree offreedom and locomotion characteristics of different gaits was considered
to bulid a suitale CPG network model. Hopf oscillators were chosen as neuron models of a central pattern
generator owing to their stable features. A snake robot prototype consisting of nine links and eight joints
was designed to achieve serpentine locomotion in horionzonal plane and sidewinding locomotion in
three-dimensional space using a simulation tool of ADAMS. A switching method between the two
locomotion gaits was discussed. Simulation results show that the proposed model is effecitive in
locomotion control of snake robots.
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Abstract: Biological snakes in nature have a variety of periodic motion patterns such as serpentine
motion, linear motion and lateral motion. Gaits diversity has greatly improved the adaptability of natural
snakes to complex environment. Biologists has proved that such rhythmic movements of vertebrate
animals are generated by CPG (the central neural pattern generator). Special mechanical structure of a
snake robot with high degree of freedom and locomotion characteristics of different gaits was considered
to bulid a suitale CPG network model. Hopf oscillators were chosen as neuron models of a central
Dpattern generator owing to their stable features. A snake robot prototype consisting of nine links and eight
Joints was designed to achieve serpentine locomotion in horionzonal plane and sidewinding locomotion in
three-dimensional space using a simulation tool of ADAMS. A switching method between the two
locomotion gaits was discussed. Simulation results show that the proposed model is effecitive in
locomotion control of snake robots.

Key words: snake robot; Hopf oscillator; serpentine locomotion; sidewinding locomotion

2| = Y, ERERERES MM/ NEHER . FRRRIE S

Fr ARV Z (M A LA A, AR R Al 48

WREBAR BAEFESHAE TG ZE  NFK FESFHERRIE TR, WER LA

. e E oot TR ILAIEEE Y AR R BT BB LR

EQME. BRARMZESEMEU402); BX  FNRAVNERERNRIEZES, PERZRERK
e s b e Wi, WO T ARE N RS  AAERES)

BR9RT7 0 AN B N B S I EEHO1973-), B, s Y
TR B T, B SRR RABERHLER AR L, DA HTY

TR ARG

http: / www.china-simulation.com

©1374 -

Published byJournal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 6, Art. 31

B2 EE W
201546 A

VIR A RBEOMK. RElE RS, Ba a4k
oy S B R S BBV, EA T
FERAESSHIBEHERFEPITEERMRET
75, BERERERIREREANRTRAERKE
W BREEENEARLF S XY, & B HERRER,
HEHIREP R —ER A RHB RS

A 2 N ZE AL A BT PR
B R 428 (CPG) I HI ik B —Fh i 0 A 95
FsEu, EHSESMTEHERAREE
RERPRESHERE, B LROBHEHISE
LI B HERE S AR, AT AR
TREEFEHES . FH CPG RHEETHHEA
M AIRRLR G T X B ) S B B AR, B
BRELTHAYEXSEENRESNHEE.E
S A4 1 T T B A A T,

EEMAPREETRGEN CPG HIEHN
R 2 FRRINEARES SIS . FIH CPG B
F7 AT AR S SE BN DU LA A BT, ik
FEAFHEBEHATE RIBR  ZE T IR G F/ERNE AT P
B SLE A ML S S IR A B R AT R A AT
PR CPG AP, E AR A RIRE CPG
PSR RS IR T AL sl .
5 PR 2R Fl Matasuoka 32 H i CPG #1125z
T e L2 A MIE S M LEIEs) . T3, B
BUB 16 T S FEHL 28 \BSEIZ 5] | AT IBEh S5
AW,

A CET Hopf #r %28 /E A CPG AN A T
BRI, T 1 MOUER ) OSTIRBHLR AR
BAMERL, HE T E T PR R AR LI
BEEIZ Fh A (F BUREE 5 D AT B E £ 4
REMNZBERM ADAMS FEIIRFEHLIEA
BIBERIH ST 2 MBS SHNEFHE.

1 iRl A

25 SURRAE A Yy dre A A0 B 19 (R #) R e e Bl <
T AL BT | MRS B TS
Ao BB AR EYRNNE 1)z, FISPREL

RE, & ETRGBEANBEIBANSSHE

Vol. 27 No. 6
Jun,, 2015

(AT BT JUART R A R R feT A4 B READUAR B AL
A 1(b), B ABFHEFERORTSECVE
£ 0.08m, ¥ 0.18m.

FETENLER A B EUEEN L SRR 9 MRAETE
REEEFT S TTH L, FETENLEE A ISR ST
F 1 AT AT, BB MFwRT 2 758 8
EH 5 TR 1 6 P A B e A0 s ) B %
o R T SIS S T TR A ) B R A
&,

(b) ADAMS FFIEF KB RIFEML
B1 eSS

RYESE e LA AR5/, TR
SEIL R 2B AR WS B A [ SESEE 3, BT AE
FEREFBRTE R B _E BT BB AR RN A 5 B
B, FrUEEE ERATHEE A TR,

2 CPG =%

FIFA Hopf k% 25 ¥y 82 CPG BB = EH BRI
ARE, —5H, Hopf #z% a%4a e Iy A ALY IF 5%
¥R B(E 5 EF% 2R HL8 B stz 3) Bt FFE 1
BHME SRS, B—W, ¥ Hopf &
GRIRER v RERWEREER u HLLE n/2, R
FH iz 1 v] DA B B X e FE AL 88 AT 18] 3515 AR AR A

http: // www.china-simulation.com

* 1375

https://dc-china-simulation.researchcommons.org/journal/vol27/iss6/31
DOI:10:16182/j.cnki-joss.201,5.061031



Qin et al.: Gait Simulation of Snake Robot Based on CPG Method

BT EE6H RO EER Vol. 27 No. 6
20154E 6 F Journal of sttem Simulation Jun., 2015

H i EMRE AE#IT RN AMBEE RIS
#, SERAETEYLEE A KO SEE S .
2.1 BANRY 2%

B Hopf FiZ 28 MBS M sh AR v L T
HI—Brisr R HIR,

ut +v*

u=wu-—A( - -1v
g (1)

2 2
-Du

v=—wv+ A(
r2

& x=[u v, u v FRARG B 2 MREER, T
Do LR FREHR X = f(x), o M riilnk
SE R o8 KRR, Ak S bk B R
SHRERRY, BK, RHHRIERENN AR
M. RERSHESGSPHHTTRER,

u_(t)=rcos(wt+¢,)

v, (¢) = rsin(wt + @) @
Kb o, B u, v BVRRENARE . BE—HZ
RRYZTRG BN RIEHER, Hopf #F%aewl
DV b b g e

2.2 BANMRGBARN CPG M%%

AICIRIBIE AL RN BBEAI S TR & A
s RaE AU, IR Hopf #R5 88 A4
JTOHIE T WHE 2 iR R CPG MK E.

q
"’\ﬁ;«aﬁmm
K 2 T Hopf #2511 CPG %Y

&l 2 Fias CPG 5! ) Hopf 3% 288(H.0.)2
BRET, - MRGBIUNHES RS &RiEE,
% i > Hopf ¥ % 23 LG KB A4S T -

5= fa) kYW, i~ Lx R ) )
J

i
cos(@, ;) —sin(@;;)) . .

He R((oi,j)=(sin(;:)) cos((z;.j) J, ,j=12,...,n
ARG, n X CPG RGP I{RGBINE, k RIS
B[PIBREIREE REw,; ARG J BIRG S | &
BRE, nfl naRR% i NS j ARG SRS
WRIRIRFAER, @, A5 j MRG /M | Mi
GRIMAE, WX, TUBERFRMLLXREK
BHEHIES

B3 CPG MAETE | MRGBIVREE w Al
vi T HIBOEFEAE R LA ER | A RATH WA T4
XMFEAE SAURMRTRNEARES, BWHE 6=w,
vi=vie A EEREERERGBHSH, MEHE.
FEMAALESE, TTLEH] CPG B S EXTIE
HESHERMEFOY, SIELARELILS
A B33 B B 25 LUE M AR L R 35

3 PHMESDH

3.1 7K K BEEEIZ 3]

ARUER H LB A CPG BEIMH X
W, EXPNHHAEERES H 2 HEKRME
ADAMS ZEIRFEHLE A RRUENL, FH LK Y
IR E SN T K

HAEWKE=4ZEH M Solildworks &L
PR ABRENSAZ] ADAMS #iEH, &
B A F4RMEE M LR E ST IEE T .
RIGH MM Z FMAR, &G MELEET
2 ERATHIESEI T, 5 5w A B E T [
E R BIFD B B 7 | LR BERE R il
1(b) B 7~ BI AL 28 A KB HURE AL A 35 1 i 3 40 A T
HIEEARVEF R ARG BE R R, BB R R Y
K03, BHIEZAREN 0.1,

MRIEAETE W88 A SERENL SIS LT &5
MFLER BHEESE X BN BKAMNS
WB{EN 40°, BRAMENR 3 Hz. FEHEXBE %
HHRG[IEE r X o HSETWESEUELE

http: // www.china-simulation.com

* 1376«

Published byJournal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 6, Art. 31

F27HEH
201546 A

LERBERTEE, TAEALZE pff BRI AL
RIXTEE N F%. BHEHEASIBEs
ML BB J7 IR _EAHAR ST Z I 4K IR I BB S 1
FAALE, EEBATREEERMBBRT,
AR Z AR R K TR B AKX Rp=2wN.

AP RE 9 MER/ KT RIS
ANEREENL, BHEES CPG AREFRATHE
Xof Y 4R 3 28 4L IR (E R 4 —BUE, KIBR |
FHRIN CPG BH7E Matlab 2010(a)¥F 5 FIH
Runge-Kutta ¥R H RQ)WIRG B4 H, BWHBK
WG u REBRITEENIREBCKEWE 3 fr
~, ¥ CPG W&t £ B 28 i 15 5 R A
ADAMS 1 H & R EUE Re e HLE8 A\ i RIS EY

HE, % ETRGBEHORBIBANESHE

PR RSB ALBEES.
#1 CPGRBHEHESH
CPG XEBH RE
n 8
@ 1
Y 1
@ /4
A 0.5
Wij 0.5
k 0.8

Vol. 27 No. 6
Jun,, 2015

B, YERKFIE 8 NI BT IRALES M ISR,
MLER A RRTHSEIL T S5, E3hBEmE 4 B
N> xz BB R 4 B3R IR M 7 IR T
z BT A S R I AT 1, BB
EHBAGE DRV iR E HENERESAA
30° , BB G 1A S BRESRES
Z, A GERRERIEEL A 036 m, LA
VB B RS RRI R 1 77 T BT, iR — A N
LB BRI FAR IR G AR R T A B 50K .

Last_Run Time= 77000 Frame=84

Last_Run Time= 85000 Frame=92

Last_Run Time= 104001 Frame=115 Last Run Time= 12,0000 Frame=132

K4 BERSREHLSCILRBISE D A iz B A

LABTEALAR A 1| SRTRI B A S L, 34T

& 3 i CPG M4 8 BIRE /R HE
2 4 s KEERBE, PAMRELERRET
5T, BERARA 6.24s, Hi&A 1 Hz, 4P

SETE R A% A ZE AT T b 3R B A A O A
Bk, BEZFNE R E R 60 s. 24 CPG HEIH
RS SREMELIIA o=1, 2, 3K, WEIE

KITHIAALEL K n/4,

L ’0‘0‘9;0;
=

\\\

(95\9 0, 0, H{ 0,0, 0,

0

,
()
)

i
A

0 4

AR
zgﬁtg///

NIGHHRE T2 3 R 32 T8 P B 9 B 2920 0.17 m/s.
0.35 m/s 1 0.52 m/s, PWHBHARMATHEER
PR H LR R, BRI B 37 28 A A3
ESHAT U H BRI R ETREEE .

2 502 Hh T 5 LB A BB I 4 3 A [ ) R
BRE 4 W, GBI E KA HEEE 2
B ELNXAWE S, MERRE 4 8K, Mg
BGZEF M RTHE E S E R REL R EBN,
B 24 ¥ e 5 V2% 77 1) B RS K I, A R] B S
SHELETBPITEENRHLER .

B3 SEIBSEESIN CPG X HIAIES
FEERIE, WRRGF/NETRARSH

KE 3 IrHRGHESEAZPNSAEE PR, AeRasiPieuns AR S &4

http: // www.china-simulation.com

1377+

https://dc-china-simulation.researchcommons.org/journal/vol27/iss6/31
DOI:10:16182/j.cnki-joss.201,5.061031



Qin et al.: Gait Simulation of Snake Robot Based on CPG Method

FE27HEH
201546 B

RGN ER

Journal of System Simulation

Vol. 27 No. 6
Jun., 2015

Ha7%, BREEA AT AR S BN B0 5 A TR R
B REHRG [AEESE W DEH S AR
B, &G H|IRERR, BiEEshrEEILaSsA
TE R HTIB B B FR B R B K o O AR AR5 717 (8] 42
B AR Z 0. B HITE AL S BTN S

0.7

2=0.3
t

L —
__e_-,ul 0.25

............

HZE o/Hz
B 5 TNRAERERETHARSHEEEHEERER

32 ZEFRAPNBES)

mizzh, EmEBIsEEs, RAEYIEEAL
80 1 Fragsh i, B R TREKN TS, 123
I HEARAR 0 B o B RS = A e T R B R AR R AE
TEfk IR M, ECEWATE B ERRERES,
PG EME — AR KT BER
AR Tl AR IR B R SIS IE B AN R (U T edtiE
AT UFE R ELIERR 2 AFHEKREEE
HHE.

BRSO AR AR, ST 1) 452 B e
AFELES § NRTHRME RN 6 =w;, TEHE
B iKWK AR vi= vie FFHE 1 HH
CPG MZESH 4 I 8% % A HLas AR 4t
KEBERFT. BoXRTALBESWE 6 fix,
MEBITF AR 1GNNS 8(BHR
T EHTT AL R A A AR A

¥ inE 6 BTl CPG ML %R SHAE
PLES AR A4 SC R B s A m AR B B 2
RICTT RSN A1 A8 B 45, HLAS A AT UBTR SEBL ey

BREELA, BEBRENE 7, xz BFTEFEAHE
P H T BTZE P, x BhIETT oA S R
BB .

I'“/\ /\\/\\/\/
. \//\/\\/ .
R EAVAVAVAVAVAS
j%::: /\p /\/\ /\/\
K \/ AV

2:3 VNN \/\

JIHJtS
B 6 seHL ) i kE iz 5l i R B CPG =i diE 5

Last_Run Time=121000 Frame=125

Last_Run Time=15.6000 Frame=161

Last_Run Time= 20.3000 Frame=208 Last_Run Time= 24.1828 Frame=248

B 7l e g s B KT

b i 3

g id 2 AR E KDL, O 1R BEEE B (3 L
ZRBEA MR R IEFEE I . KPR ESEAN
IRERK, BAREANRBIIRALBRE. %3
KRR A AL R RR &), EESTRIE AR
FEB/MITEE A, NERERRATEHE .

REGROPESHNERESBHMENEET
5 PR 2 PN T 1) A AT EEE BE B SC AR i 2kt 1B
8 BTN ARGH/MERDHME =1, 2,38, W
ESHMEERRNTTAKNUBEE v, SRk,
HE S AMATT MEEE VR RENRE. Jo=1
i, VB, BARGATEE, BEEA—

http: // www.china-simulation.com

* 1378«

Published byJournal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 6, Art. 31

FE27EB oMl
201546 H

"%, & ETRGBELORBIBANS SR

Vol. 27 No. 6
Jun., 2015

HIVEBEET ALK B, BEiPHSEA
5B c M AR R K z BFAT

0 i A 32 3 B4 77 1) £ K S T A 2 EL T B 7Y
BT A% R L (Y LB SR . 428 EL I I BTE Y
PR R TP T A BB A R B, o 1)
EHHTREATEELT B EMENT RS,
HEHE AR ERER KT KA K%
RS, M AEE KT R ERE . SRR
i, WEFEHLAS ANTE BRI 7 M KEEER, B
755 x B AR

0.3
02514
0.2
w)
E 0.15
xé
0.1
0.057
0 . ; v
0 5 10 15 20 25 30
B8] #/s
(a) FNEHABHERIEE T M)
0.2
e w=]
0.15 — — w=2
@w=3 ‘ i
ATV
» 0.1 - ’ By \/ 4
B SR VL',
= Y7 \ ’I 4‘
S 0.054 . j,f‘“ f\‘ /{’ l"v"“ Y A .\\
0 A /\v’f A "\,/’\,’1\’ Y1
w;;ﬁ-_x‘k“‘h’ —— Ty o e
-0.05 ; ! | | }
0 5 10 15 20 25 30
B 1a] ¢/s

(b) WE 5 HLFERTTH
B8 ARSEMER L AW 1 PIsE S 1 E E

3.3 BEKTI#

B3 A SCHR H BB SCTT R B B B FE AL AR
A BEIPEEE B T XTI TR TF
AE, NREESWNE B ERNES); WBE

T i ZR R B AR B e BEAMRAT B e B RS 50
AT SERU_ M BERTIE, FIARE Kwien
HURAMR TR v kswianvi OB R TAEX A,
L ot(w, )<t<t,(u,)
0, Hft

WRIE Hopf #r¥as MR RIAFr1E, RERE v
BRMETREZE u A E 02, ZHulbTHRE
REF, R& v EFLTEME. SPSARTHR
AT RARAMBALERN, R ke, =1
R IRGH/EE Y v AR D B B ER G
WA, PSS AR T i AN A EAER
#3, TINIEEZ)E [ BEiEsh K. A
L, A gz sh Ul Bl iash i, T8
FENLERA KT EIARAARMEE A I AR A=
R =1 v RSB HESE 9).

Kswiten = {

ik o ) i g i g

B Bt 1E3)) . 1Z3)) " 1Z3) >
0207
=
N
=
&
£2 10
=
K

20 ] 1
0 i} 10 15 20
I | /s

B9 SRS TR AR

& 10 FiR7E ADAMS S ik B
AT RERRY)  METENLEE AN T 8 e 1 25 1A
F B AR FRRTHE 5 R AR 0] AR A P A YT oR SE 3R .
M =10 s Z87, P AREBERTIT, BH z M
FIES) . 24008 A A R YRR Y, P13
ABARAMER x #IETT B BT . £ <105
I ZUREAT T WA 2 ) ) 1) SR B ) R, AU TT
B EOR IS H MR R T z 507 R, S AR R
BTHT SRk, B x B Arm#a). £ =25 s i %
VB AN E 2Btz 3, 505 RRAVATSETT ) 2 4l
£ 1) U3 o S v g A5 S e T L 28 A\ FT BASE
A B BRI R,

http: // www.china-simulation.com

* 1379«

https://dc-china-simulation.researchcommons.org/journal/vol27/iss6/31

DOI:10:16182/j.cnki;joss.2015.061031



Qin et al.: Gait Simulation of Snake Robot Based on CPG Method

E21HBE 6 M
20154 6 A

RO R FM

Journal of System Simulation

Vol. 27 No. 6
Jun,, 2015

Last_Run Time=10.2000 Frame=39

Last_Run Time= 18.3002 Frame=87

Last_Run Time= 26.8260 Frame=151 Last_Run Time=299110 Frame=235

A 10 =) A e g SEE 3 B AV
4 i

ACHET Hopf #= % 28 AR BRIAES S M08 T e
TEHL28 A ) CPG 8L, FIFFRASH Hopf =%
ROPINRSTEL BRFREE N o2 FRHALZER
A, B 1 IR A Hopf 335 28 M8 1 CPG 5
BSEIRAETEHLEE AR (5 sz 5, 33— HF
Hopf BE#AMHMSREEM XA, BIRE o
P AT IRE AR, B4 1 MRETE v BMEL
TR, FREBBEATBUREEZE Z A 7] P15 5 2 8] 5k
BB ARV E R Z S, ZA 2 R BAT ST H
BUREAT 75 1) DI R B i 221« ) i 3 0 20 Bk A
ADAMS JEIISEI T e L8 ARRALZE KT I
WISEIE ) . =%k 7 (] P9 (0 [ BEAESE 3, IFEAT LA
EEMPENVIRG R (FEEREH, 2T Hopf
TG EHER CPG BN HI LR EIEAL
SEH_ ERAT MR ERE, b EMMRBNL EH
N ARAE 1 F2P SRR 05 BB

2% (MR-

[1] Ijspeert A J. Central pattern generators for locomotion
control in animals and robots: a review [J]. Neural
Networks (S1045-9227), 2008, 21(4): 642-653.

[2] Oliveira M, Matos V, Santos CP, et al. Multi-objective
Parameter CPG Optimization for Gait Generation of a
Biped Robot [C)/ IEEE International Conference on
Robotics and Automation, Karlsruhe, Germany, 2013.
USA: IEEE, 2013: 3130-3135.

[3] Huang Y, Vanderborght B, Van Ham R, ef al. Torque-
stiffness-controlled dynamic walking with central pattern
generators [J]. Biological cybemetics (80340-1200),
2014, 108(6): 803-823.

[4] Hasanzadeh S, Akbarzadeh A. Development of a new
spinning gait for a planar snake robot using central
pattern generators [J]. Intelligent Service Robotics
(S1861-2776), 2013, 6(2): 109-120.

[5] Petric T, Gams A, Debevec T, et al. Control approaches
for robotic knee exoskeleton and their effects on human
motion [J]. Advanced Robotics (S0169-1864), 2013,
27(13): 993-1002.

[6] Nor NM, Ma S. Smooth transition for CPG-based body
shape control of a snake-like robot [J]. Bioinspiration &
Biomimetics (S1748-3182), 2014, 9(1): 016003.

[7]1 Kimura H, Akiyama S, Sakurama K. Realization of
Dynamic Walking and Running of the Quadruped Using
Neural Oscillator [J]. Autonomous Robots (80929-5593),
1999, 7(3): 247-258.

[8] EHF, SRR, FLL, & WBEEELMETH
VUEHLE N BshEs] [0]. HLE8A, 2012, 33(6): 700-705.

[91 Chung S J, Dorothy M. Neurobiologically inspired
control of engineered flapping flight [J]. Journal of
Guidance, Control, and Dynamics (S0731-5090), 2010,
33(2): 440-453.

[10] Wang L, Wang S, Cao Z, et al. Motion control of a robot
fish based on CPG [C]// IEEE International Conference
on. Industrial Technology. Hong Kong, China, 2005.
USA: IEEE, 2005: 1263-1268.

[11] RIEX, MiRE, HFIb, & (FENSA S BN
BEHISEH ). B3hFER, 2013, 39(11): 1914-1922.

[12] #HRA, BHE, =R, & BRISASEER CPG
BHEIE (7. PERE: E 8, 2007, 37(10): 1304-1315.

[13] FEER, SR, TR, % ETHESHERILEK
TN AR BE N R R R (7). MU AR
23R, 2013, 49(1): 53-62.

[14] Seo K, Slotine J J E. Models for global synchronization
in CPG-based locomotion [C)/ IEEE International
Conference on Robotics and Automation, Roma, Italy,
2007. USA: IEEE, 2007: 281-286.

[15] Matsuoka K. Sustained oscillations generated by
mutually inhibiting neurons with adaptation [J].
Biological cybernetics (S0340-1200), 1985, 52(6): 367- 376.

[16] BRak, 84, R, & BEMHENSAKHEES)
BRI (7). REVE %R, 2013, 25(8): 1746-1750.

[17] Matsuoka K. Analysis of a neural oscillator [J]. Biological
Cybemnetics (S0340-1200), 2011, 104(4): 297-304.

[18] Gao Q, Wang Z, Shang H, et al. Mechanism design and
locomotion of a snake robot [C)// Advances in Intelligent
Systems and Computing. Berlin, Germany: Springer-
Verlag, 2013: 731-738.

http: // www.china-simulation.com

+ 1380~

Published byJournal of System Simulation, 2015



	Gait Simulation of Snake Robot Based on CPG Method
	Gait Simulation of Snake Robot Based on CPG Method
	Abstract
	Keywords
	Recommended Citation

	tmp.1688110563.pdf.BdjMh

