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Movement Analysis of Waist and Tail of Lizard for
Controlling Yawing for Motion in Slow Trotting
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Abstract: Mammals such as dogs and cheetahs change their gait from trot to gallop as they run faster. However, lizards always trot
for various speeds of running. When mammals run slowly with trot gait, their fore leg and hind leg generate the required force for
acceleration or deceleration such that the yaw moments created by these forces cancel each other. On the other hand, when lizards
run slowly, their fore legs and hind legs generate the forces for deceleration and acceleration, respectively. In this paper, the yaw
motion of a lizard model is controlled by the movement of their waist and tail, and the reaction moment from the ground produced by
the hind legs in simulation. The simulation uses the whole body dynamics of a lizard model, which consists of 4 links based on the
Callisaurus draconoides. The results show that the simulated trotting of the model is similar to that of a real lizard when the movement of
the model is optimized to minimize the reaction moment from the ground. It means that the body of a lizard moves in such a way that
the reaction moment from the ground is minimized. This demonstrates our hypothesis on how lizards trot using body motion.
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AENA 7S do] AE B digt A7 32
2 JEseE A BAF I8k ZF FofollA AFEa ok
[12]. 53] tEE Ba T3k & 23] A5 24 &
9] d54olel vigk A5 Falska St
Trot 45 T&] d540] F shvhz, Wiz HEke

o8 slo] AHe] Mo} b FFste] Aok
£ o] &3lo] gko R volrl= Bofth3). o] A
d19] pitch, roll, yaw 3] H}gke] mHIEES X|Ho| HZ
7} gkl vzt 2zt v Weko R 3 o
o] 7Fselr] Wit 58 Sl g o] ke A
TH4L mHbA oie] 45 SES A%
AT EY

I A T AERe) 2 459 s ES T3
7} Z7ve o totoll A gallopOo® I ASH oS uHETH3].
Gallop At =2 A|HE 3 & 0”3}3] A8t oAl H
2 AW A AE WHEste] o ® vyl HA54
oJtH3]. A& totollA] 459 Ef-TES driE]et Svh

JE mﬁ

R

rQL' fr lo o
2 a2 ©

2
2

(<0
-

29
0,

* 2 2] 2] 2K Corresponding Author)

Manuscript received April 11,2013 / revised May 11, 2013 / accepted June

10,2013

AAE, A9, 45U ALt MARsE s

(jrkim@rodel.snu.ac kr/jwkim@rodel.snu.ac.kr/jongkim@snu.ac.kr)

WA A thehal g3 (park73@snu.ackr)

# o] EEE AR@EFPE Pel Adoz dFATARE A
(2012-041247)0l] 2J3 AT-= U=

# o] WEE 02ME AHEEH|ER)) AYoR FRATA
o] PGS whol aiE AT (No. 2012-0000348).

Copyright® ICROS 2013

IH = o g Jéﬁ 7Hrg AT W] 314

F5 data, sitels 7t

%9 AL HITH4,5] vHAHOR gallopell A kel 4

2=0] Agute _,_ago};r_ A= ke getuks Do

Al "6, 7]. 013474] 4*4 THEEe F3 £uv) ZU1)

of me} shthels 4, Suels i ddE JEE =
= Asdol7h Wkl €k

SN 1o EfEEIRE TEA mrpEe 8 S
met gl dedelZt WekA] @tk tiie] wrbie
trote] & 7P Aok ARSRI3). T £t S7F
& o Zie=e auee sle]e] s ks WE
S AgdolE e W, ErpgE ofn] A9 trote]
A el A, %EPE]L TMEehs Qo dge FRE)

FUE

7] dlolfs] 4§20l W WL U, word
vt Tkl Eo sfele] $ael Sekitp)

A4 trotell ] wrpge] obrlals 744, ekl i)
e telel o] PR 4 At A4S An)
SI5j0] 420) LHESI} FrPBS 19 13} 20| tmansverse
plane (91014 nkehd Byl A vehd ®okeh 19 1@<t
ol ThsuS Ve FAZ 7PdE ¢ vk EfEEel
A& oS AT W, SlvpgdlA BsE FHoR =
Aol yaw 3 ko] BHAEF AT ojn LAY yaw
Aol RAIEES HAE] ffste] stplelM = FAol
]éﬂ] #4590 wotoll A 45| EfrEE

AR

o
B
ra
é
_L4
AQ

E

(z
JE{

1
= o

(m
>9
3



Movement Analysis of Waist and Tail of Lizard for Controlling Yawing for Motion in Slow Trotting 621

Ground reaction force

fn_uzment,hind
@ \f Y hind ™

S \
\
S M
---> 4
Moment caused by ground f

) x,fore ,’
reaction force
f -
moment,fore =

fx hind fmoment hind

Ground reaction moment
Required moment for
(C) Mz hind stability in yaw motion

X Moment from tail Moment from waist

T8 1L e SEel EFEE Eobl $5 b

Fig. 1. Comparison of movements between mammals and lizards at
low speed (a) Force from the ground in mammals, (b) Force
from the ground in lizards, (c) Moment from the ground and
from waist & tail in lizards.
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Fig. 2. 4-link model of lizard.
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Table 1. Morphometrics of a Callisaurus draconoides for the model.

Callisaurus draconoides

Total length (m) 0.156
Body1 length (m) 0.055
Body?2 length (m) 0.033
Taill length (m) 0.033
Tail2 length (m) 0.035
Body1 width (m) 0.015
Body2 width (m) 0.015
Taill width (m) 0.005
Tail2 width (m) 0.003
Total mass (g) 9.54
Body1 mass (g) 4.95
Body?2 mass (g) 297
Taill mass (g) 0.99
Tail2 mass (g) 0.63
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Table 2. Nomenclature.
Symbol Description
(C, C,) |Position of center of mass
mi=1234 | Mass of links
liz1234 | Length of links
Wi=1234 | Width of links
Gi-1234 | Angle between link 7 and global x axis
Ji=123 | Angle of joint i
Ui-123 | Actuator torque of joint i
Fi-155 |Joint constraint force of joint i
F, Reaction force in x direction from ground
F, Reaction force in y direction from ground
M, Reaction moment in z direction from ground
d, Distance in x direction between C, and x position of foot
d, Distance in y direction between C, and y position of foot
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(a) Kinematic parameters for the model of lizard, (b) Forces
and torques acting on each link of the model of lizard.
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£ 3 AR W mrEe] drigkel B,

Table 3. Average of absolute value of reaction moment on the ground
1) Optimized joint angle, 2) Half angle of optimized value, 3)
Double angle of optimized value, 4) Zero joint angle.

1o #7183

Y|m,|/Simulation Time
Angle case (Nmm)
Optimization of joint angle 0.097
Half angle of optimization value 0.245
Double angle of optimization value 0.367
Zero joint angle 0.336
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Reaction Moment on the ground
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Fig. 6. Reaction moment on the ground 1) Optimized joint angle, 2)
Half angle of optimized value, 3) Double angle of optimized
value, 4) Zero joint angle.
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