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A Study on Obstacle Detection for Mobile Robot Navigation
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Abstracts

The safe navigation of a mobile robot requires the recognition
of the enviroriment in terms of vision processing. To be guided
in the given path, the robot should acquire the information about
where the wall and carmidor are located.  Also, unexpected
obstacles should be detected as rapid as possible for the safe
obstacle avoidance. In this paper, we assume that the mobile robot
should be navigated in the flat surface. In terms of this
assumption  we simplify the correspondence  problem by
transforming features of two images into the coordinate system of
the free navigation surface and mutching features in  that
coordinate system  Basically, the vision processing system adopts
line segment of edge as the feature. The extracted line segments
of edge out of both immges are matched in the free navigation
surface.  According to the matching result, each line segment is
labeled by the attributes regarding obstacle and free surface and
the 3D shape of obstacle is interpreted.  This proposed vision
processing method is verified in terms of various simulations and
experimentations using real images.

1. 48

AGVS(Autormatic Guided Vehicle System)o: 3o} Ap-419]
ALt A8 AEEE AR olFY AN E(mobile robodizAl A
A AgSE ALRTE g viemio) ¥AE myot WAL
Hlapelel 8 FR€T el ol gAle clrlA Be
ol B (uncxpected abstacle)e M8 4 glosl BEub W] 7
274 ANBA RO N She ol ohjel went

wEs 22 PARE QAT & U AN we 74§49
329 H9& QAstefor gk 3x9 AL R’J’—*lﬁh: Wl

TRMAEE  Rolapi(2Ele wiA(staro vison)ol ek Q]
2HHQ. Ala"ge Fhlele] 331 28 43 2 94 A%, B
2%, 94 A%, ol AW, ol AR Nt -(_F—Qi.i_ o] otzict
9. °]ﬂ‘i‘?} AFA F8F @A 9% AF AP IAf
GafeliM QL Kol 3 A I SR B FHUYE W
Uiz ojck oleidt £AF %‘il‘é EAl(correspondence problem) 2k
B o] ERIE s 98] Be A7} o] o} ~HRe
HlAel 7h4 & dae] i gl olFHZRES} vivte] A
Afeir FPgchks 7R3l ¢4 A daHE stereo
vision el o3 339 FAEL sk AlAAY Al2F]e]
FAE 4 3tk Storjohann(11&- ol2id o] s WX BAE
B AY stereo vision systenr® FAIBI=T] 2702] Fielalol olsl
Heg PRISS off 2uEr} TP Yo Wisln, Wad
Pl xlebhe Tl ARE FEEL vimagled, g
ol 0o] opd R FaHW Ao QU foma FPojEgPAoen
A °131‘& e upREe] B T Adagle) A48
ol ge WA 5 QA= dHo] Aot Tl e} o 2
|23 zyE AFd T FelBd o3 slajQ RPol
Aol o] = BEow AR BAL wAErh weid B =F

.

Al o2yt EAYE AWl sl A JgozyEl M
odget: talo] olF 4 W 4L T8 ks o5y RREF:
A% A7 AARd A Asink B =Rda 3ol
ARAelAl AR BAel A 9% AGVS(Automatic Guided
Vehicle System)®l ¢HAE Z4& 97 g A48 AN
A2Ee) jal A7al S8 Age shge thest A

- o)EY snul uiete] G Aol ek

. AJojme Wb} g ula Fola Yol gt 7N e AR

{unexpected obstacle) 9leml o153 2R ES] AR FE

93 714 HelZo] BF Qdsjolol @k

iR QAE 98 BuE =3E ALSgel glol vyl

Az 2 x}?i%nm AMg-Ric

0. A2" 74 2 Az A 34
D A28 34

N

L R EL B ]

2) Alzt 2z I3 e
BEECEEEEE

1
R ]

Freer HA | ===> [ FHAdozel We |

[line _matching__|
!
[ Foig 99 2z |
28 2 Al AE 3 A3

m. Xzt Az2] =4
edge detection
olmAe] ZEAse ME TE gy level® 7HA regions)

- 587 -



boundary & edgee}al ¥k ol2l@ edge AREE olnjz]a) Ay
oi} Al RolN FaP AW Yok AT Bale] olAg g
HoleAl o2l cdgeETe] AR 2T WA RE Yu g AL
Ttk B =FelM ALSE edge detectort 371A9) F¥(criteria)
& D3R Aoz P
@ good detector © edged 231t Q0IA oflaizl Hojo} i}
@ good localization : edge2] X7} A&afo} gk
@ ane response to one edge * 3132) edgeol] WA F¥-
Aol 1A golol Ft
B =RA AN olig FHES WESR: edge detection
e osat it wiel GE 2D JEpAIeE § 1F olnldatn
) 2 HES) HAE(honmal to the edge) 7 & TheT 30|
% 4 ok
7=-YEGeD
v (GD)
(olA ALY BYAEE olgalo] e AVED Ars
Tk
d ¢ _d __ .
W(G'D_(EG).I_ VG,,"'I 2)

(V(Ga*Dl -+ -3
4 (e A3 ou|AY] BE HYAS] i3 2718 TG v

Z} o] RAla U PHME o) neighborhood) 39 @Al

ol8-8l 2tigtlocal maxima)®) ANF etk

olu|RoA cdgee] HAE AT olAlP edgeol AR

HE 2AE 5] S8 BAS 54E olfe AMoht ITMn
2e ULY YUED 32t ). W ol 5 FHol B
Fdolt 2] EATA F P Aot Ao} EAsh:
FEol 7Ha e edged} 2719} edge] U3 WEISh 11 AHE
7A€l

Wk oF) =elx y), HB) = otk YE AL Py

A edge detectors] S18lA edge® FE edgedl 719 W3
Hele} o, le(x) —e(xlsh 14(x) —d(x)le) ke oleg
T edgert BU FAde] EQseA EAA ofeAE gushs
THestimator) 0.3 AMS-E 4= U}

line_approximation

edge-following algorithme] 28 W si= 7o 8-connccted
neighborhoodel of3 Al2 Q1R FHAel #Ash: S i
sequece®} pointero]th, ¥ =89 HZE 249 Zojigel go-e
a3 gl ;9 el ol 32E aRle) matchingol Wi
ol2}¢ matching ¥AIE Q3l317] Yl ol2l§t sauonce® AMo 2
SAkH Maot Atk sequenced Mo TAbshabe vl
23 gedi) FHE olF= AASY  sequnced S
Ln.eDn, e, ., Ary,cx))Ea 8o 44 So Y
AN AR (7, )T TV (ry, o))l L=l - AS
AAshs 249 YA 7RG o] HMI Yuiz] A¥Ene]
Adg TPk o FohM 3 E e 7T o gol AUHE
oA H2W 1 PE 71F02 Al F 7] subsequence WE
ojdck ol P2 Al F 9] subsequences] tialM =liEo]
=

Line matching®H & Al2A2 3145 94139 3xoay ¢
o2 ¥ §2Y AY edgeSol YASKTL vl@= Sl
Line matching ¥02132 kAol Al 74 slojo} @},

- FHRk FolA FIlslE oijiel ealoly Bptahy = AA

edgeS9] matching'® 4= flofo} @k,

A edge o] Aoz YA AL BAY W ol
¥ 24 edge 7H thE A edgeol ¥ 2 ANahs Ax

VI lolof @},

L
v COR T A9 L n

VY Lo I assmel dvwation veciar bl
U : LaOf (4 sermal drrclies vecter Gue 39 reg
Seiad R AN Ae]

29 § YUY ¢ AVAR YA

A7l 831 eESshs line matching® 913 AREElR= cost
fuction®- 21§ 3o§A{9} o] & linee] T+ lineoll projection3ia]
U2 AA(S) Ael(dis)ok B 2 AR, B3 Sy a9 3
olxjsl zlo} 7ty Raoz ¥ 4 Qo WA ol e
333 threshoklsbalglt}.  threshdd TIgte tHe-3} o] 7aiAc)
ik AAAtEAMe] shte] Hie] WAl F o) AM
o2 FHHH olF Mol A7R= dspwitys 7182t B 2§
Aztelt). N} ¢, e, 22} Fhoil BAAl WA= A
Fhelele] xjeba hA TghE olFay s AMslold 4= qlck

T= kt%

k: goxte) AL A= 4%

Fietel B A 2 ARAN

B =R A% 7ME ASEhe Al AlARe Aniael
ZR3lelA AR 2 Y Ao aig 339 Fgulg gl4slelok
ek ol8 A8 2719 Fhulals o8¢ stereo vision Wifo] 289
4 ot ARAQl stereo vision WP 249 Fhufale] Jehd
Gdeir & 230] 3AR] FHo B 2 AHele Wi
carrespondence problem e #Z3hs o) 24} ol B9 o AldelA

CBE Qugom ol o5y Zued WA AN AUg 87

otk o3y 2w Es} nigo] gy AuelN FYEh= 74
3jofiA comespondence problemr® B8l steren vision el o3
33H o8-S A4Eh: AlAY AlAo] 7AY 4 ik 39 4
oA vehd gl o] oY ZTHETL FHPE= WAL 2=09)
AAA #E Ak, )2 4930 F9 93 HEE (w, v,
(, w2} 3L 2% Y 2] BE 5o A HfEE =02
el A58 AHolahir 7Fgsiol 7puzl WA (camem calibration)of
48 d@ C, Gt PR 4 ATk olw AMA Suiake) ke A
P G, Col 23] gtz A9 939 4 P, P 2447 A%
B H=0 9] HAdE ELF ARl dF ot Fold Az
*0)o] Holug b2 9o P Fgos vhehdc

¥

w ur
L14

?
& 3

BA LR e LEE R ¥ LT

Fhfal BAA A994REe] UE 3Fo] AxYA 7-023E]
FS€E FHolah= 7HPslof 7hulla) R 2@ wiPe Tt

CuRR A 72091 el EAshe BE 58 dgpanity® 7HAA

e Ty Z+09) Hugel EAdsh: PS5 2zt vl
disparity & 7HA1A ok #9980 M2 matchingshs $¥-&

PR Z#0o) EAshs AdFold occludingsl &8 M2

7RIAD 2=090 el EAshs FAMERC.  Yojigol 24
Bhe Bhde) AW waadelr Sh4e) vanishing point§ 71Rle
¥ Moz veidu olzlg 4AE olgAHAM Foige HAE
A2Y & A WA T AMo] FAL Wl vanishing

—588 -



pointE Feh A9 geat Bk

ek R L 22t 5 J4dol 0y 99l 38 Weaa g,
F Aol ol@ vanishing point, P, & 27 5elMls} ge 5 7))
WME2 A S Ak 212t mat nel AN FW ket g

P=P+mL=(P,, P)=(X\+mL,, Y,+mL,)
P=PF;+nR=(P;, Py=(Xy+nR, Ys+nR,)

mL,—nR,=X;=X,
mL,— nR,,’= Y- Y,

X,—-X, - —R, L, X),-X,
_ YX_YI _Ry _ [ Ly Ya“Yl
= D "= D
= ~R,
% D= L, =R,

BN veniehing

e s ol
/// r‘. [t .ml \

A

alm>s oD areql FE b mcsclamog FF

U s T AHON Y vamishing paint

219 GeJA B 4 oF 4 g1%e] m>0 ol n>0e] ol (st 3
& 7% Pk 5 24l vl vanishing point7) obdg 9 4 ek
weh m>0 o] >0 F71E WSS RE Pg 7R

e 99 1E
AP AL Wel EAE: RE Sl et vanishing
pintE 5hA SR o] lelo] uk ol Qele) Bk

V. 48

¥ omRolAl A olFY 2UES A% AL 4
B8 1 Qs $L WS B 4 Uik

e

e 2 °J’}}(5H

WD R P,

\

N

\ A

=

A1) edge detection, edge-following ¢t AL AR ¥
@4 G, Cyof 238A siufe] v Had #9 9.

rEof

G4H4) line matching 4ol 213l matching® A4E

N

- l

D45 olmAdell Bolz bubbleEd AHEe] 2§t vanishing
point 52 Ve L ARTEE ol 4o-E vetairt.

V. A4ER

[11 K. Storjohann, Th. Zielke, 1L A. Mallot and W. von Seelen,
"Visual obstacle detection for automatically guided vehiles,” IEEE
Conf. on Robotics and Autorration, pp. 761 - 766, 1990.

[2] $%9, Alzkelalg Q1 sifiekgde] #g A7, o1ds oA
FAT A-ERdA A w192

[3] 2-&%, “Q=e} AL o} sivje} R #F QR
Hargatsh=F-, 317 BY 2%, 194,

[4] J. Canny, "A Computational Approach to Fdge Detection”,
[FEE Trans. PAMI, Vol. 8 1986, pp. 679608

5] T. Pavlidis, Algorithms for Graphics and Imuge Processing,
Rockvile, MDD Computer Science, 1982

[6] R. Nevatia, Machine Perception, Vrentice-1all, 1982,

[71 1L Nasr and B. Bhanu, "landmark recognition system for
autonomous nobile robots,” IR Conf.  on Robotics  and
Automation, pp. 1106 - 1111, 1988

8] R Chatila and J. P. Laumond, "Position referencing and
consistent wordd nmodeling for mobile mobot,” IEFE Conf. on
Robotics and Automeation, pp, 231 ~ 238, 19806,

{91 Y. Shimi, 7Thee-Dimensioxdl Computer  Vision
Springer-Varlag: New York, 1987,

{10} D. Marr and T. Poggio, “A computational theory of uman
stereo  vision” Proc. Royal Soc. London, vol. BXM, 1979,
p.301-32R.

- 589 -



