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Objects Recognition and Intelligent Walking for Quadruped Robots
based on Genetic Programming
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Abstract

This paper introduces an objects recognition algorithm based on SURF(Speeded Up Robust Features) and GP(Genetic
Programming) based gaits generation. Combining both methods, a recognition based intelligent walking for quadruped
robots is proposed. The gait of quadruped robots is generated by means of symbolic regression for each joint
trajectories using GP. A position and size of target object are recognized by SURF which enables high speed feature
extraction, and then the distance to the object is calculated. Experiments for objects recognition and autonomous
walking for quadruped robots are executed for ODE based Webots simulation and real robot.
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Fig. 1. Intelligent locomotion based on objects
recognition

Ty | HESY

a8 2. =] A%
Fig. 2. Hardware system

] )

GP Zl=pd ¢t

Crossover &)

Mutation Evaluation

Selection ‘

ol 7|8t X5 24
H s H EHe H clolEiEE H“"ﬁg**h

a8l 3. AZESo] AR
Fig. 3. Software system

DT PR ——

g AlzEle] stEgej= 17 29 o] Hio]&Ro|=
2 FAE 45 HIYPRE A vRIAEEY, d4A2E 9
g Web-CAM, Z18]a PCo}e] 521 913 Zighee BES
233t AT ESolE Web-CAMS E3F 94 g51
, B2 214 BE, dlolE 54 9 B Aol BREZ T4
H(1g 3).

et H~l
O_u

= ERAHE F3 9 = W
< AA EA3F F=F7 2P Adescriptor) A4 #A o] F
&, gEHe wWyoezrrE AAY BW EA W
(SIFT:Scale Invariant Feature Transform)[5] €& & 3}

7ZFelst m& EX FZ(SURF:Speeded Up Robust

604

Features)[2] &ag]&o] v} F dug=e
o zHy EAH FE27, 1¥EAE T
EhR=

T g Ee VB4 F2e HSE=sA| R SIFTS] 74
£ DoG(Difference of Gaussian)Z& 7|¥ro 2 dAte] £
AL HAEske=d 8], SURFS 4% 11 dojA ek H&E
715 AH&ete] EAAS A& witel FAte] AA
G AT 2 AFdA = HdE B3 EAE 4 EH
ALEAN FFT& HE= 0}7] el A Azke] F-S
SURFE &3l &4 <1248 F3sat

ﬂx

3.2 SURFE 0|8% FHLolE EX 214

ALg¥l SURF ¥1228]&2 OpenCV ver.1.1[6] ©ll A
she ¢ EES AMgstanh mlE] gEE o 9]

oX ol

%ﬂmmg
O:

A AFF ¥ AL B Solot Il 5UF 54
Ae MANA Qe BAS QNT £ AES s,
SURF stehve] 242 o 940 A4ske A%e 32
@ 4 ek

FHEOlE 2R A4 B

AFstaxt st ?Eﬁ'. Ohjeet_]
see s Aiiﬂ(Dascnpwr} 7|&
ESE g CAMG 0
EHEHF ¥ R
M &%} (Descriptor) 7| & H HIl Hiel €5
23 Habn) @xf Hatajo)
MEXHE @5 SURF
533 iy Algorithm

e SYLF S i E Ge| Sy
il Fuy HE 27 A 2Ax| 2t Fabo| 37|18 S
WEE S =l SHol 21X S AH2 A

3%l 4. SURF ¢ags A%
Fig. 4. Flow chart of SURF algorithm

Aol AE= ol F 3
EA(FHolE 28)9 A& T FAHE Altsta,
g WellA s &S B8 t2Fed A s AlLtet
ol (¥ 4)

a1 gol] ALgE 78L& LogitechAH] QuickCam Pro for
Notebooks A|Fo. 2 AFZ2F A|Adal 24HE EFAY,
Hd) 1600x1200 9 sF= F 29 30ZHUS A L)

4% RYPFHEL Frjrols BYPFES OE];G AYE
gk A AGHoZ FFoF 5t7] Wl Ayt Wi et
T Ags Qo] Hasta, Q1AH EAE S8l ATt &
AEjojof gttt AA|AQl A ShA] 7]ZAQ G4 H A~
EE T Aol mE AXE Z QAH EAE Fd At
H AGE #EAsisn) A3l AFgE YE G a¥ 5

o vheheleh
Arelde gl EedE Axnsa] e 45
HYRRo] olgF AT ZAE AHs7I= TPk
Frolmol = 233t o T0em Wojdl A HelA #9 o
dol dREnks fAske] ARgSlnh Add Fge F
o= 2ol £49 A A Wbt wAetA] e
wolH, B 45 HPRH] CAM 9AAE st} AY)

= et



o

g o] AR BE g
arget image for matching

=
&
o O
.%

2 6. SURFE &3 A#dE |y A H(Z5 79
A7t 992 (=5 20cmolA] 10em® AR S
Z7HA7I0 248 )

Fig. 6. Results images using SURF by distance
variation

3.3 AHel#ato e 2AME £F
232 20cm A 120cm 74 10cm 7HA 2.2 A A
Bz CAMe Z2A17]a Afskslen, F 1003
de dste] e JANES d4E SAE AA 9
A A ek vlES SAsI o] vEs T FF
A AgE &9ty 29 6= 7 AdE 98 1
g d3E yebdth 10em vig SA4E 23 Gde
A7t Holdes dojder mXe] 47|71 FopA|al
Ao M Aolxs AL AT 5 Aok 7
oA 1% (FH)59] A2 e v
o)

[N

= o> o
—~ O
{0 N e et

©O:

of
tal

Foox

_|_,
flo & of

A 24807 WEel 0em Azl wd® 54 5
7k 7P weH, e GAte] At Adss WA
= 5449 ok 14 Sl Folne S #IE F
Sk, E vige gde] vEE E3) 10cm Ao A
& A7k v A /b A= 77t

0
gl h3 Az o
& AAA7Im BAE

koAt

ol AT WIICk] 4% nPRY
AT+ YuE 4Y BAES A4

1L AYE 94 s 92 EA 27 HE
Table 1. Recognition rates by distance variation

25 | ojyE | FYus |ojus S
HEl | A BR4 | AN s | SHE HE
)
0 0

20cm 0/ 100
30cm 24 93 / 100 10
40cm 32 99 / 100 6
50cm 32 100 / 100 4
60cm 40 100 / 100 3
70cm 60 100 / 100 2
80cm 36 100 / 100 1
90ecm 24 72 /100 1
100cm 20 32 /100 0-1
110cm 8 17 / 100 0
120em 5 6/ 100 0
4. GPE o|&%t 4& HAY=R9 X559
A3M MM

41 GP 7|8t 4&F R Z & Gait 4A 7[H

GP[1] & GA(Genetic Algorithm)$} A 2 H-Foll A
213} AxHevolutionary computation)dll 431419 GASME
9 714 & E4o] 9tk GAE /MAY FPE HE ~E
g5 AHgska Qe vk, GPE S EdE gddch
EYTRE o]t MAE xATFoEA sfAe mHol
7HAAQL 8 AE TEAA YA, Hadetar A2 HRel
7 HA3} FAo B S8 o]FfA 1 Ut

GP 71dke] #d37F Ao AdHE v 2ol o F
o Xt GPe| EFFXE o]&ste] 24 #d A¥ES
Aeith 45 B2 RO A7t giHolng) drEe] + #
A BnEe] 7 Bl gk 47| AR A& GPE T
A sl Ageth ASA Al dubFoR KA
7V 8 trot AS A9EEATh[7,8 9]

o

42 By A
421 A E3olMd &4 2 i =d

A E#H o)A 8L Cyberbotics AF¢] Webots[10] & A}
|35kt Webotse 250 digh By 2 ey, 12
I AlEYeIA Ve S A|FsE ODE(Open Dynamics
Engine) 7]9te] 25 AJEHo|HA S/Wolt),

AlEdeld R A Ao giidoR vlo]&Ro|=g A}
43t 45 HIPZES AMRSATH(H 2) Hlol&RolE=

605



o

IR SAIAESHE =&2X| 2010, Vol. 20, No. 5

S ZRE = A A ol
odl, 299 Zod5el BEe PAsel 9] ME 2
o] o] golat Aol itk wE, W 5ol ¢
a0, AEAR) ATk AFsE] W] mE 2L AT
ol Abg 3 QITH1L12]

422 HF 2y

AR AR 918 $4 AEHl A oA GP 7N Ae
A Al dsl 2488 st 712 od 4
B A AlE T RIKSTERE 0% AHgshe 2o
4 gule AWt ver A S1am, the seE
& 242 AelA GP 4 ﬂ—m 2w WY AAA

AAH GP AAEe

£ 2 749 27) wAel uhE Az
Table 2. Performances by variation of population sizes

of =71 BEE HudE
40x5 15.04 2653
50x5 16.64 25.59
100x5 20.18 24.82

olele] g 7 & ABUelA A% A4 S5E GP A
#4 gAglolt), o}7j% 4ol 0715, 3040 B Apelo]
2 $AY& ol REX g 4 WA o A o

[}
Ae g & 9
a9 8 & Y A Aol gl £49e 320ms

o zHA o AN Aot o, Arket WEF o Hw 2
A gAolm A21a Gelel §40e wol FRlen, ¥
o

,
2% o AP obF AAW o A% el £49
R e R

Bost GP Deta(input Data)

o 5 I L R T I I
Stup{Tima)

a8l 7. 7§ GP Al 3E AR
Fig. 7. Joint Trajectories of the best GP
individual(forward)

606

% 8. Mg gk GP A AlEgeld A
=2 A7)
Fig. 8. Simulation movements of the best GP
individula(forward)

ofele] 11y 9 & Al ZES AL AlBE ol el
g S5e $AYS HAFYY AlEE BAEY A
otk A §A)e whEYe] B7HF YO Qs A
Belold el mRabt ozt ke 2HUS wolFoch
chelsh Bel e Eohos] )
= Qs mnelAA gds Re Adw 5864 2ea
e B2 oloj7ke S o] vkt
a2 A4 §He ABdACA Bl n
9 mrhe of7t d Wele] €7
A7 FARThs ok 9% 1Y
gAY @e AYE 449
1)
AA

ol
o
D)
e,
ES

o
=

0
lo,

o
=

)

I

1o,

2 oo
X

=3 A xuksko] e o) Oﬂ, A A iy—oﬂt o
A E Aol ANE 27136t TA] 2H o= HEE
HET Aol A9 dF HRAFo] 7Hed Aow A7

.

g GP 7hAe] A iv“,% %Zu‘%l(xdﬁ)

a3 9. 7V %
Fig. 9. Real movements of the best GP
individual(forward)

o, Aol HHske Ao
Agspl so] ol% Ea
el wqlol Basi
aeEE APEY A FEE Mo Fge] wEA
A9 59 Agon, ofF Ba uko 3
A=E 22 & gum odsl 29 1
Y g AlES A Ao, 2
AolAist A 22 §49S e



0g

Best Backward GP Data(lnput Data) §] 78_ Q‘ :‘l: 9\}]\ 71] Q\__B]' g—%%gi S %:]_8}'
T T T T ] 2> _]

51 S 48 84 75

Frgzye] Znwihs FF oy 3o g
Aug e YA 98] shek 2E2E B 5 )
Aom Mg wlolezolER A 4% nAmY|

Angle(Radian)

! e F2 AHoH fAa Flol7] wiiEdd de WaElE HA
S s317] 18 Aol Aolg xAsm AgaAd. (1Y 14).
a8 10. 78 975 GP A ge] #4 AX(FZR) ]
Fig. 10. Joint Trajectories of the best GP
individual(backward)

a8 1. 7P S8 GP 31 JiAI) AlEEeld
FHAFR) PYS——
Fig. 11. Simulation movements of the best GP a8 14 2R5e ol 8% 4 24
individual(backward) Fig. 14. Experimental environments using robots

S B3l PCoAlA AF AHdrh FARS
3ddE 2 SURFOA AM85E 543 A=
o] A3 PColl A4s el 3¢

A E AyE 45 B3R Y| ZigheeE F3
A&3tet). Zighee® M HI ALE9] SoldS 7Rl A
T UEYI dx4d Ve T shuhEA 2ol AlA

a2 12, 7P 59 GP 30 RAle A =R YES Ze) wo] 8w 9}
AU EFE)
Fig. 12. Real movements of the best GP 52 Mo AlF
individual(backward) ]

N . <ot e Aew Fste] AeES VIET Aot

= [€]

1 I5 2 52 oF/E Qg o2 <lsle] A 13597 oF
3% A=t ~gHfen, & § 3d Fabo] o] =
w HolAA g2 wHES Sfoput SntEA mddls Als

gl 4 Uk
A 2& olHg AIZHARl 8 A4F Fol7] H8l, 10 ¥
7 o] F=} olulo] 2ol 25 cm HAE/A EEIE AL &
. E2 49 o Aotk 2F 20 cm & 25 cm 2& WAE 3
s B el £ 20 em ool At L Al Fwo] 3= o] Y
Fio. 13 DR ot vl . F AA7] wZell 14e] Atz HA k7] el 9
18 o Hotdtion movements o A 1614 olefst Auje] vehykor], ojg 2 d
2o 84 4L GP AolE WAooz Aalee o 0 ddw saas
2al7h 917 wlEo), olubEol AL AE WHS A A 2 cllME anle] dle] vl dled], 3ue] deS
e A %, @S 2u o H= 14720 ¥ N9 578 E3) 28] 2487 ujFo Aa)st
ok 2% 13 ¥ o] 7 vhElE 1->2->3->4 o] AR ¢ e RN > - o
£ AT AR SR ol AE, Aske wgpen oy S HHE 8 G wEe el 8
5 Bol A7) Heel, o2 thAl g 13 o) A A g 1 AT eI of 10Wle] B2 olfieks A ekl
e = o= o o n  UEAE b 60%e AFES oA, MR 5157} o}

607



IR SAIAY

=

o
I

3| ==&X| 2010, Vol. 20, No. 5

A A&H o 2R ZHI 4
#ut ofF 20cm ouie] yF- A3
olE AR 4] el As FU

10.

11

a3 15 4w wE A% A
Fig. 15. Experiment results for front view of

an object

9ol 19 15 £ AW AHS Fdst dojul A=A
oF 5z Ao AAF FA4dolth & 11 A=A oF 55
gte] 2o o] Este] BAl] 2T AL FAT F AU}
2->3, 4->5, 10->11 = &3] Afolo] W7 Hzto] 43 |
Rom, BAd AAIA5E 2, ¢ 5A oF A7) ol
drhe A BRI 4 AT ol 21 AN ok
7, ¢ olo] Uojux gate] 9|7t AA Walr] wio]
o}

AR, oF 25 cm olatel W@ Bl vhal AAE
sieh A9 29 v 1098 B4 olujzhe Al
e Ay 492 £9 s
a2o)x10] ol $E)M9] 4P wrt 4
o
]

b, ol #2 dge] 3 4yl s u

£
8]
o
—
=
L)
Ach
ol
=
il
i1t
i)
i)
=
&
N
N
)
fr
o, _1‘_?_,
o} —
=
o2 O
1 o
™ odl 1 o2
BN oy

—d of M
2> ot

Lo e
g T30

¥
to 1o

f
-

X

32
ox fr #

ro

2 o rlr
[
X
e
X0
~
i)
Mo
o
T
=
(e}
)
=
r
2
12
to i
A

g

1o rr
o s

ol

N

i)

:?1:'

i

P

Y

N\

s

_ﬂ, oL

o

AN

o

o

=

oy
of!

608

Az Y

o 30°

EHxoE

Az Y

oz 16 F9 A9
Fig. 16. Experiments for tilted view of
an object

X4 A4 92 U 48 ATE
Table 4. Success rates for front and tilted view of an
object

A AP HFE

A4 1 80% Ag 2 60%
A A HFE (XE 2 79
2= 50% += 609

6. 8 &

TolAE GPYIN 4% mslziie] ol 5RA 14
4 wae felel, GPE E9 Aedol A4
o AgR BA A4 A 24 G,
o} Agse] tld BA(Fviwols 2
ARHOR FE T 5 b A4 L A% 1 7]

5
)
e
K
Ach
il
O,

oE i go 2y
-4
rl (o
oh
pach
K

J&“_ﬁg—li
o
o

ofo
o
o

)
ofr
ox

of
-
N

o, fo
¥ 422 > b

(1

S S =
g9 & 5 Ark

[EESRERE
of e, 5HH AL Fael Friwol 01
shgom, Age] Watelw FIgE wrk Wojdl Aels

£ Artste] 28-S Fdsklen, 2 A3} 30 T 100ecm A
o] Rl 7kA el AelE aabH e ghetd 5 9l
Atk

FF A A4 S =Rt Sy 7]
ato] T Rl M= g A ola FAT By
FE 2E Azde] o] dash, fols
ohd AA| Apgtolup A=A, dF AXTE Tk
wEALY, Hshs 2SR oR e SEEAR

o] 7Psaele AR,




[1]

(2]

[3]
[4]

(5]

(6]
[7]

(8]

[9]

[10]

[11]

[12]

41 e s
J. R. Koza, Genetic Programming: On the
Programming of Computers by Means of

Natural Selection, The MIT Press, 1992.

H. Bay, T. Tuytelaars, and L. J. Van Gool.
“SURF: Speeded Up Robust Features.” In
ECCV, vol. 3951, pp. 404-417, 2006.

Bioloid Corporation, http://www.robotis.com
A, A71A, “Genetic ProgrammingS ©] &3t
Y HAEAY AR, dFAA=HEE] =
2] vol. 19, no. 4, pp. 80-585, 2009.

D. G. Lowe. “Distinctive image features from
scale-invariant  keypoints” Int. J. Comput.
Vision, vol. 60, no. 2, pp. 91-110, 2004.

OpenCV, http://opencv.willowgarage.com/wi-
ki/Welcome

M7, A48, "BE FrellA e GP 71k 138y
HE o] &3 45 BYPREY AZA A3 A
o] - 2R - Al~HEle] =X A 14 A, A 6 =,
pp. 573-579, 2008.

J. Busch, J. Ziegler, C. Aue, A. Ross, D.
Sawitzki, W. Banzhaf, “Automatic generation of
control programs for walking robots using ge-
netic programming”, In Proceeding of the 5th
European Conference on Genetic Programming,
pp. 258-267, 2002.

P. Dittrich, A. Biirgel, W. Banzhaf, “Learning to
move a robot with random morphology”, In
Proceedings of the First European Workshop
on Evolutionary Robotics, pp. 165-178, 1998.

L. Hohl, R. Tellez, O. Michel, A. ]. Ijspeert,
“Aibo and Webots: Simulation, wireless remote
control and controller transfer”, Robotics and
Autonomous Systems, vol. 54, no. 6, pp. 472-485,
2006.

D. Hein, M. Hild, R. Berger, "Evolution of Biped
Walking Using Neural Oscillators and Physical
Simulation”. In Robocup 2007:@ Robot Soccer
World Cup XI, Lecture Notes In Artificial
Intelligence, vol. 5001, pp. 433-440, 2008.

M. Eaton, "Further explorations in evolutionary
humanoid robotics”, Artificial Life and Robotics,
vol. 12, no. 1, pp. 133-137, 2008.

GP 7|gt X5 =¥

PSP |

297 (Youngkyun Kim)

2008A : A7 gt AAba ek FshAL

2008~ @Al & e AR AAL
714

FAEoF ¢ GP, 914, A2
E-mail : dudrbsO72@naver.com

32 (Soohwan Hyun)
2010 M7 dsta AxEety} FskAl
2010~&A : & e HAAEE} AL

174

ol - KA A 52
E-mail : xjavalov@shhyun.com

ZA A (Jaeyoung Jang)
2010 : M AE L HAREEt) FEA)
2010~8A] : & gy AxpFsty A}

174

AR A RY, M
E-mail :geruld@naver.com

M7|M (Kisung Seo)
1986\ : A st H7])58ta &
1988 : A st 7] 583 F3HA A
19939t AAM et H7) g8k Fshaka
1993~1998\1 : A A v gtar 4He) &5t
/ Axppets zus
& 1999~ 2003 : Michigan State University,
Genetic Algorithms Research and
Applications Group, Research Associate
2002~2003 : Michigan State University, Electrical &
Computer Engineering, Visiting Assistant
Professor

ZOOB’VTISA_XH . Aﬂ%‘ﬂ-]é‘_}—ﬂ ;ﬁ;(]..’g_é‘_}_ﬂ]_ B
FARE  : AFRE GP, GA, 13} A
E-mail . ksseo@skuniv.ac.kr

609



