1062

ol 28 - AAgss =X H 14 &, H 10 & 2008. 10

FY2% FMolg B Hxle HrjolEAS £

Estimation of the Maximum Friction Coefficient
of the Rough Terrain to Control the Mobile Robots
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Abstract : When mobile robots perform the mission in the rough terrain, the traversability depended on the terrain characteristic is
useful information. In the traversabilities, wheel-terrain maximum friction coefficient can indicate the index to control wheel-terrain
traction force or whether mobile robots to go or not. This paper proposes estimating wheel-terrain maximum friction coefficient. The
existing method to estimate the maximum friction coefficient is limited in flat terrain or relatively easy driving knowing wheel
absolute velocity. But this algorithm is applicable in rough terrain where a lot of slip occurred not knowing wheel absolute velocity.
This algorithm applies the tire-friction model to each wheel to express the behavior of wheel friction and classifies slip-friction
characteristic into 3 major cases. In each case, the specific algorithm to estimate the maximum friction coefficient is applied. To test
the proposed algorithm's feasibility, test bed(ROBHAZ-6WHEEL) simulations are performed. And then the experiment to estimate
the maximum friction coefficient of the test bed is performed. To compare the estimated value with the real, we measure the real
maximum friction coefficient. As a result of the experiment, the proposed algorithm has high accuracy in estimating the maximum

friction coefficient.

Keywords : mobile robot, traversability, friction coefficient estimation, maximum friction coefficient, rough terrain
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Fig. 1. Relation between wheel slip-friction coefficient.
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Fig. 5. The outward appearance of ROBHAZ-6WHEEL.

Mdez mesidch “HeAS A% 9" YA & +
BA717] 91 Fe7] 2 X F7he B AuAE
Ao s, FYPzEe iR T&E ASAZITh whek
TR FUE(pinslot jointy 2 47 HAZ|TE AABKICE
[14].

7 7FA AA g ol 8siA HAlE ROBHAZ-6WHEEL
o] 9)3& ¥ 59} Atk olw) ZRe) vlFE 50 Watt Maxon
EC flat motor$}t 500 pulse USDigital optical encoders, 80:1
HarmonicDrive® o]-8-8}e] vl ool A 2 ZHFh

Z| Lo S £5: ROBHAZ-GWHEEL M2

ROBHAZ-6WHEELS 6709] u}#]7} Hixoq JFHEE
T3 2Roe Wy %L dvhu spgshd A, & e
AR re] A g vk aEa zpz7te] wigef wpEAle
7Y b 19 6 o] Mg xFARX vEAFE yHR
2 7Hgste] F 37o] vERITE Case 19 -9+ w|117o)

g 22 A vnge] g 2 2& ol AME Fin
I A9l 71E71E Hu vBAS AR ARSI
(4)) Case 29] 79 oA 78 A & 22 BIE F4

& b ) HjEe 2N AREFHA (5),6).
Casel's identifier: A{5mw) = #(Smin) @
Smax = Smin
Case2’s fitted curve: as” + bs+ ¢ = ,uz (5)
oluf 42232 MK FHEG 5=
2
Case2’s identifier: 2(—2) = 29¢ =07 )
2a 4a

1831 case 1,2, 39 BFE AW WA case 39 B
Al e} mlare] HAXeL HR|9) Aol o &Bir FF
o Uk MzFe] HAax S oA Ael7t AT gk

1&“4 case 3% i & 4 U2 A HPAE case 19]
L} case 22 F-H E 4 v} Case 13} case 29 BH+ case 1
A L& oA mlige] F7I F didsiA I 3
I nlzge] F8 AL A vpEA GG Ao
At A g A gy

(coefficient erron)E

Mo 25 . AlAESS] =2X H 14 3, H 10 = 2008. 10

friction coefficient

4 Casel fitted line

H(Swiz)
H(S )

coefficient error
[1(5’ min)

)

S A mid

R A ¢

»
»

slip ratio

B) max

I% 6. Case w57
Fig. 6. Classification of the cases.

NEes A 4 vk ¥ 63 ol ddAevE dAE
I g2 A o] B

B A%+ Ysia)— 2 i) U

oluf ' = Ha vzt Hof
q

& rlnge] dopv= He
t}

[ =

O
2
>
rSL‘

R

o] Mg 5

3. B £

Higleh A9 Atele] HEZHE 1% 7(ROBHAZ-6WHEEL
o] 230 =EellA] v, (=1, 2, 3EA HER oA i
vigle) =AE vhepd). dEzte] B ffvle uiEdlAM
W o A" A Wk Ay, vl

A &) dars At weks vlFe] 2hgshes v
"“-é T nigle] AaEed £58 dAsk] 18 vt
ok AW Alole] HEFzt AL ds|ofo} Frh

oleigt H&EZHS FA3] fIeA Karldl WH[151E ©&
g}

% 8& Karl®] ol %W H% 1 BEHHE T3
B MH(% nF e F4e 3
T2 8 AMNE OI%EM @®), (9);2; Tr..s:“?;- - At

1% 7. ROBHAZ-6WHEEL Y} &7}
Fig. 7. ROBHAZ-6WHEEL and contact angles.



Journal of Institute of Control, Robotics and Systems Vol. 14, No. 10, October 2008 1067

I 8. 7189 A7 A5
Fig. 8. Existing method to estimate the wheel-terrain contact angle.
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Fig. 11. Measurement of inner damping of the wheel module.
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Table 1. Experimental results of inner damping of the wheel module.
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Fig. 12. Traction forces acting on the robot’s wheel.
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