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Automatic Gait Generation for Quadruped Robot Using
a GP Based Evolutionary Method in Joint Space
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Abstract : This paper introduces a new approach to develop a fast gait for quadruped robot using GP(genetic programming).
Planning gaits for legged robots is a challenging task that requires optimizing parameters in a highly irregular and
multidimensional space. Several recent approaches have focused on using GA(genetic algorithm) to generate gait automatically
and shown significant improvement over previous results. Most of current GA based approaches used pre-selected parameters,
but it is difficult to select the appropriate parameters for the optimization of gait. To overcome these problems, we proposed
an efficient approach which optimizes joint angle trajectories using genetic programming. Our GP based method has obtained
much better results than GA based approaches for experiments of Sony AIBO ERS-7 in Webots environment.

Keywords : automatic gait generation, quadruped robot, joint space trajectory, genetic programming
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Fig. 1.SONY Aibo ERS-7.
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Fig. 2. Joint space for SONY Aibo ERS-7.
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Fig. 3. Gait locus of UNSW team.
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Table 1. Gait parameters of UNSW team.

parameter unit initial range
walkType n.a. 0
Forward cm. -8.0 - 8.0
Left cm. 4.0 - 4.0
tunmCCW degrees. -30 - 30
PG n.a. 65 - 70
hF mm. default 73.
hB mm default 97.
hdF mm., default 16. must be > 0
hdB mm. default 19. must be > 0
i) mm default 33.
fs0 mm. default 20.
bf0 mm. default -35.
bs0 mm. default 20.
hType n.a. 0-no action, 1-relative, 2-absolute
tilt degrees. Up +ve, down -ve
pan degrees. Left +ve, right -ve.
mouth degrees. O=closed. -ve=down.
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Table 2. Gait parameters of Hornby’s method.

parameter unit initial range
body center x mm. 105 - 125
body center z mm. -10 - 10
body pitch degrees -10 - 10
posture center X mm. 0-20
all legs y mim. -5 - 15
front legs z min. 10 - 30
rear legs z mm. -5 - 15
step length n.a. 60 - 100
swing height front mm. 25 - 45
swing height rear mm. 25 - 45
swing time ms. 460 - 540
swing mult, n.a. 3-5
switch time ms. 500 - 900
ampl. body x mm. -10 - 10
ampl. body y mm, 25 - -5
ampl. body z mim. 20 - 0
ampl. yaw degrees -10 - 10
ampl. pitch degrees -10 - 10
ampl. roll degrees 5 -15
L-R n.a. 0.25 - 0.5

F-H n.a. 0.5 - 0.75

lockEnd

29 4 B9 8 2eA A3,
Fig. 4. Elliptical gait locus.
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Table 3. Summary of previous approaches.

aEAA sx
Hornby{1] A= 9.97cnv/s
Golubovic[4] rAPAW AR AF S
Mericli[7] EF 3 26.99(£5)cm/s
rUNSWifi[3] el Zrom’s
71&o 3 Bl 43cm/s
German team[6] 3zl v} s 45.1cmy/s
Dong|2] 3z} A2l 47cm/s

2 A3 oAle] 2 49 2L BEEe AdSAT 10
047114 484 HEEE GA FAAE H@ste HE
N=E Ssick

NS Aibo BEAl ATE WE SEE A7) AT &
"ol FYFslo] fovl, F& ¢4 ATEIE F 30 U}
Slch

L GP 7|dt 2™ zEAlofA 2] ZHSA] Hof

1. HuztZs7ioia e HdSA AEel ZHH

71 thR-E A7) AMgEs AuARA oA
AHE Aojsh= HEHEL WA oud kel g A
& Aggjof sh=A]e] ojglgo] U, AFH7F AEH=EE 3
FH 2ol tsiAgt A gAu|eE HAHg o sleg
A HQ HAHslel= A=sE Aok

gk dLAol #AHE 2L sy F A3 At
geirly dele] oflgo] EA%tt &, At gl
e o] eyt 48X ¢dx, FHE EE FrjHE ¥
A = glen, HAge] Ieu|HE 107 olhs AR
8}al ,\,101 °ol59 HY FgEE FAY T AL ¢
o Aotk

o] ﬁ%‘ﬁ% e f3do] B HRE melr] olF
sfjor = Z-$-ol= FFol Atk Ly Aibo 22 FHE| <]
45 HIPRHEL x| e 3] 4R &g IS

= Roj FHFHo|x, WEge AH7t B BAEE 0F F8
7t AL Agol= oA AF3E debvly Ae 2 gl
ujeta|eof] thgk #H23le] o go] EAgt
2. &H ZZHjoint space) ZSM AHE

olel= g B AA AjtE BE FlA e 2
A AZES ey i) disiA Zbr] 3709 FEd o
g AFS ol BAZE HEE 4 Ak =3 A7) o}
E #dY #AHE ity 8 o 2oz FAAES
24 Y o7 SHZ "o FHAH3}E A 3 5
2% F Ue & FHo) EA%th o] WL EY BF
AEZE AYT "ort HE gle Aibost 22 o vj$-
&3}t

otefj 8] 18 SolA B A} Zo] Azl wE #H]
A& (trajectory)& BAATO=HA 2o #de) 299 =

|

Joint space trajectory

2 GP Tree
T
;}5 -
: <
"':"'; sin -
AN
X )( 05 ]{ sin
X

9 5. ¢Eo AF U= LGP ER] EF
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Table4. Results by variation of step numbers per cycle.
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Table 5. Results by adding exp function.

Side Limit 10(SL10) Side Limit 15(SL15)
No Fitness cmy/s No Fitness cm/s

1 1.3724 | 4431 1 1.3781 4722

2 1.1068 37.22 2 1.3992 47.1
40 3 2.3463 61.8 3 24259 | 4531
Step 4 1.5373 50.4 4 1.9569 | 55.62
5 1.7288 53.51 5 2.1151 | 46.69

avg 1.618 4945 | avg 1.855 48.39
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Table 6. Results by various pop sizes.

Side Limit 10(SL10) Side Limit 15(SL15)

No | Fitness cm/s | No | Fitness cm/s

1 1.483 448 ] 0.861 37.89

2 1.110 39.5 2 1.661 50.7

40 3 2.036 50.2 3 1.391 43.35
Step 4 1.275 39.7 4 1.297 46.01
5 2.165 51.9 5 2.592 65.23

avg 1.614 45.22 | avg 1.560 48.64

1 1.174 26.04 1 2.017 37.5

2 1.821 29.68 | 2 2.547 44.01

60 3 2.240 40.1 3 3.486 40.62
Step 4 3.014 41.6 4 3.720 50.7
5 2.460 45.05 5 3.013 41.6

avg 2.142 365 |avg | 2957 42.89

I 4.141 38.4 1 2.920 33.57

2 0.738 16.6 2 3.051 27.92

80 3 2.120 3145 | 3 2.619 31.64
Step 4 3.105 3085 | 4 5.334 48.04
5 3.753 33.2 5 4.436 43.06

avg 2.771 30.1 | avg 3.672 36.85

Side Limit 15(SL15)

No Fitness cmy/s

1 0.8605 37.89

2 1.6606 50.7

20x%5 3 1.3914 43.35
Popsize 4 1.2974 46.01
5 2.5923 65.23

avg 1.560 48.64

1 2.1507 50.7

2 2.8370 31.2

505 3 2.0402 57.2
Popsize 4 2.1039 52.04
5 2.5806 61.7

avg 2.342 50.57

1 2.8794 56.91

2 1.8150 54.92

100x5 3 2.6361 63.28
Popsize 4 2.0913 57.77
5 2.5422 62.34
avg 2.393 59.04
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Fig. 11. Gait motion(2).
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