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Galloping Algorithm of Quadruped Robots on Irregular Surface
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Abstract

In This paper proposes the control algorithm for quadruped robots on irregularly sloped uneven surface.
Body balance is important in stable running locomotion. Since the body balance is determined by the forces
applied at the feet during touchdown phase, the ground reaction force is controlled for stable running. To
control the forces at each foot, the desired force is generated. The generated desired force is compared with
actual contact force, then, the difference between them modifies the foot trajectory. The desired force is
generated by combination of the rate change of the angular and linear momentum at flight. Then the rate
change of momentum determines each force distribution. The distribution of the force is carried out by fuzzy

logic. The computer simulation is carried out with the commercial software RecurDyn®.

Dynamic model

simulation program show that the stable running on the irregularly sloped uneven surface are accomplished by

the proposed method.
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Fig. 1 3D Dynamic model

Fig. 2 Structure of the robot

Table 1

A. Link length and mass

Component Value Component Value
FL1, FR1 120 mm RL1, RR1 150 mm
FL2, FR2 180 mm RL2, RR2 150 mm
FL3, FR3 100 mm RL3, RR3 100 mm

Height Min. |150 mm| Height Max. |400 mm

Total Length |640 mm| Total weight 20 Kg

B. Passive Leg’s Specifications

SPNg | g0 Ny | DAMPING o om
coefficient coefficient
22 HIYAHA
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Fig. 3 Phase flow chart of a running cycle

3. Desired force generation

uf 4
Alost ATt Eq. (1) 2 7ol 39 desired trajectory
S sinfunction 0.2 W51 1 A7 E e #

AmV:I:f a, -sin(tﬁtJdt, o<t<t, 3)

f
Magnitude « ©] %2 Eq. (4) 9 &t
o == A(my,) @
2 f

u}2}A] desired force 2] magnitude & Eq. (5) ¢ %

=d oy —einl ot | . V.
F (t)_sm(t tJ o A(my;) ®)

f f

Amv. = desired force 9 A7) & & £ 9=
S5 FS e

4. Aol gz

i

Ay dugFe 2o W HEg o)Fad
A o gkl eAsAl Hal ol F sl s

A= &S AIRE Qe BE ALY =2 Al

] . 714
Ao 2 HEE desired
force A4S S sl dsaLA o} Eq. (6) ¥ Eq.
(7) & <y sidko]l =% desired force & UE}
ok M2 239 AA AFolal s+ iy H
dko] contact force 9] =}o]E L}ERHTE

<

Mme,,A

M
Front ., m =45
2tf J front 2 (6)

f

F dFrom (t) = Sln[tﬂ-t] a

F“Rea,(t)=sin(”t]-7z
tf
Fuzzy logic Alo]7]12] 402 il
logic ol A ©o]€& 4 J=E AL g4 (membership
function)& o]&sto] HXHFOo R HH sk A
3}(fuzzification), =2} &l
logic Alo] dugFos AHost= HA 3
(fuzzy rule base), ¥ #| 3} = dE3} =, 1
I HA S o] st AojFE AlLtEHE
w2 (inference engine), AlAF=E o] %] A}
A A 2wl A &st7] flste] AAl ZEFo
Hpto] = W] ¥ X 3}(defuzzification) 2] U] A
T Fig. 4 = ol& HolETh
B =fol A= 4 79 ol tidk Fuzzy logic Al
o715 #A7 AAEla, Z el gk contact
force & Alojygg o= star ehta} 5ko] Aol&
Aol o2 HA 33l

IC’ unlnrtfutc:l— —3
I(‘ on.varrfﬂ:t:l— N_f

I

Fig. 4 Structure of the fuzzy control system.
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Table 2. Fuzzy rule

PE | PS | AZ | N5 | NB

PE |NE | NE | NB | N§ | AZ

PS |NB | NB | N5 | AZ | PS

A7 | NB | NS | AZ | PS | PB

NS |NS | AZ | PS | PB | PB

NBE | AZ | PS | PB | PB | PB
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Fig. 7 Velocity of the robot
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Fig. 10 Comparlson between real and deswed force
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