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ICR Modification of Wheel-Legged Robots by Changing the
Center of Mass with Leg Motions
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Abstract: In this paper, we show that the Instantaneous Center of Rotation (ICR) points can be
modified by changes in the Center of Gravity (CoG). Our small wheel-legged robot is designed
similarly to tracked vehicles with non-steerable wheels. Skid-steering is the underlying method used
in our system. Therefore, a kinematic model with ICR parameters is suitable for steering control. In
skid-steering, the relative velocity difference between the left and right tracks is the primary driving
mechanism, which can be effectively represented using ICR parameters. Variations in the CoG affect
the normal force distribution on wheels, which in turn influences traction and rolling resistance
forces. We propose an ICR modification model that accounts for CoG variation. The results are
demonstrated through simulations using the MuJoCo simulator.
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[Fig. 1] A small wheel-legged robot. Left front and rear two
wheels have the same velocity by mechanical design and the
right two wheels have the same operational constraint. The robot
has 4 legs with one actuation at each shoulder joint. We can
control wheel velocity and the leg position with a control
algorithm. Note that the torque for legs is enough to overcome
the wheel contact resistance with the ground.
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[Fig. 2] Kinematic diagram: The body frame is located at the
geometric center of the robot body. The wheel contact with the
ground is assumed to be a point contact. And the contact point
can be different for each wheel by the leg configuration.
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[Fig. 3] External forces (F) on the robot. Each wheel has traction
force and resistance force. For the skid-steering the lateral forces
will effect on each wheels.
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[Fig. 4] (Left) Kinematic diagram for obtaining CoG change by
the leg motion. For simple example, assume Z, = L, and L, = L,.
(Right) Vertical distance for each leg with leg length L.
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[Fig. 5] MuJoCo simulation: The robot model is obtained
directly from 3D CAD. The ground and wheels are in the pair
condition with a constant friction coefficient.
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[Fig. 6] Robot body trajectory on XY plane according to the leg
configuration with constant wheel velocity. Left and right wheel
velocity are fixed to 5 rad/s. Right leg angle is fixed to 0 deg but the
left leg angle is modified from 5 deg. to 25 deg. for each simulation.
The change of center of gravity by the leg configuration makes it
possible that the robot steers its moving direction with identical
wheel velocity. As the leg angle increased or the CoG distance (b)
increased, the steering angle is also increased.
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[Fig. 7] MuJoCo simulation: The robot body trajectory on
XY-plane. The left leg is fixed to 20 deg. and the right leg is
fixed to 0 deg. As the data shown, the rotational radius decreases
according to the relative wheel velocity difference (left wheel
velocity, right wheel velocity).
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[Fig. 8] Errorbar diagram and approximation model for yICR of
left wheel. Let the right leg angle 6, =6, =0. The errorbar graph
shows the yICR range for each left leg angle 6, =6,
5,10,15,20 deg. with different relative wheel velocity. For
simplicity, we make all the right-side wheel velocity greater than
the left side wheel velocity (turn left only).



glo] ZolZ o)A SANAS Fols AL & 4 9tk

4.

N
rhu

Skidsteering} 2] A} 452-80] B2k B0
kinematic controlo] Q3% ®IR O & ARZ-E ) o]E oA
ICR sz} el 219 ¥}712) 3120 452 2o} ol G}, e
790 vl317 ol el ICR sefulel HeolH 2 v}
210] Aol e B4 §79) 23S viez Ao
5ttt o]2{3HICR 28l gh-2 2 5.9] EX4J O & skid-steering &
7|9ko 2 S=aysh ff 7hedt ndl s 285k &= Qltt

o3t E/7t I M2 LTt AHA-ZF wheel-legged
22 0] 23 AREE L8 4 Urk= ZHo] At
o] 2|3t FE O] EHof| A skid-steering= 13T ICR -2 A5
2 Q1 9 viq] 9] 8] A4 e Bigtoh 2} o] 22| Qlof) o3t &
ASAolE o= 2 H MakZ, yICR H3hE &8 4= 3
ojA B Heet A4 5 Alo] SollA 8T = Utk

E 1=Lo] A+= wheel-legged robotof| A the] 4 Y-& &35t
A F4 0522 ICRS F7H 0 & WA 4= 3135 Al
Eflo]HS Ff ZAt.

Ool,m

References

[1] J. Y. Wong and C. F. Chiang, “A general theory for skid steering
of tracked vehicles on firm ground,” Proceedings of the Insti-
tution of Mechanical Engineers, Part D: Journal of Automobile
Engineering, vol. 215, no. 3, pp. 343-355, Mar., 2001, DOI:
10.1243/0954407011525683.

[2] K. Koztowski and D. Pazderski, “Modeling and control of a
4-wheel skid-steering mobile robot,” International journal of
applied mathematics and computer science, vol. 14, no. 4, pp.
477-496, Dec., 2004, [Online], https://www.amcs.uz.zgora.pl/?
action=paper&paper=217.

[3] J. L. Martinez, A. Mandow, J. Morales, S. Pedraza, and A.
Garcia-Cerezo, “Approximating kinematics for tracked mobile
robots,” The International Journal of Robotics Research, vol. 24,
no. 10, pp. 867-878, Oct., 2005, DOL: 10.1177/0278364905058239.

[4] A. Mandow, J. L. Martinez, J. Morales, J. L. Blanco, A. Garcia-
Cerezo, and J. Gonzalez, “Experimental kinematics for wheeled
skid- steer mobile robots,” 2007 IEEFE/RSJ International Con-
ference on Intelligent Robots and Systems, San Diego, CA, USA,
Oct., pp. 1222-1227, 2007, DOI:10.1109/IROS.2007.4399139.

[5] C.C. Ward and K. lagnemma, “A dynamic-model-based wheel
slip detector for mobile robots on outdoor terrain,” /IEEE
Transactions on Robotics, vol. 24, no. 4, pp. 821-831, Aug., 2008,
DOI:10.1109/TRO.2008.924945.

Wheel-legged 250] FAF4 0|5l 23 ICR ¥3t 25

&

1o
rx

VAESRHED
St 1 ARSHAAD

FVAESIAD
200837 FFHFHATA AYAPY

2002 Qlslt)eta aF2-e=TatuK s
2004 <lahteh aFEEE TN A

2012~87) 3lslol|ojZAmo] He oI

O

FAREOR MUM-T, 2H85-3, 25 A0

TR

| 2002 77Idfske AAESKESAD

| 2004 St Ao AS 38
(F3Hh

2013 STkl A7 Ao A1 S g 8
(FBhaAD

2007~3A] Fsjolojz im0 =4 HTe

AR ok UGV (Unmanned Ground Vehicle)

ro



	Wheel-legged 로봇의 무게중심 이동에 의한 ICR 변화
	Abstract
	1. 서론
	2. 로봇 모델
	3. 시뮬레이션
	4. 결론
	References


