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Obstacle Detection and Self-Localization without Camera

Calibration using Projective Invariants
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(Kyoung-Sig Roh, Wang-Heun Lee, Jun-Woong Lee, and In-So Kweon)

Abstract : In this paper, we propose visual-based self-localization and obstacle detection algorithms for indoor
mobile robots. The algorithms do not require calibration, and can be worked with only single image by using the
projective invariant relationship between natural landmarks. We predefine a risk zone without obstacles for a
robot, and update the image of the risk zone, which will be used to detect obstacles inside the zone by comparing
the averaging image with the current image of a new risk zone. The positions of the robot and the obstacles are
determined by relative positioning. The method does not require the prior information for positioning robot. The
robustness and feasibility of our algorithms have been demonstrated through experiments in hallway environments.
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Fig. 2. Scene of the general hallway.

2. A7l 2%l 214 o Hojg HX
B AAAE A7 AH 94 % AR XS A
3 4¥sA 39 25 AwE AU @Rl del
5 94g HelFm Aok 293wy

WAk 2EE we FUs) 2T Utk F B
1 S

(projective geometry)?] AFHA 5 F9 shjolo},
aE)a Fof 9% 3 M) vElhdtl B dFAE, o
T Hydn 49 w38 EFH(landmarks) 2 AL
SIATHIY 2014 ez EAE HE).

a¥ 32 A F3 2 FYg 93 uid A2
9] EMEE BoFan ok @A =Y W) 7E A
Al B, vlA, 27] A A4 a2ln FolE A F
5717 @AI7E lch Bd djoja FE A B9
2 FH 83 ARE Mg AAE dAdMEeE F
o Gelr 24HT BEAH, BES FEId WA
BA A o] EE S EES ohlz, o] U
FAY A R Aol st z7] YA A2
gtk vpA g DAl Aol &Y AX 9} AAE Z2A
St AR1E AolE HAXE &M vy u3d 93
Adg 44 st T2 d¥e AAAGH S 9 F) @
A dojdet

1) A2 34

Ex g4, EA¥e F HIPdP FFHAES]
AEo] Ik F FBPAe 24HqA A He,
Aol Hough HEE o] 83l F HPH F34
F&9h. ¥ EAHE F2F AHEY wHL 79
<=d, ol F &8 dZ3e= 71E JEE 73y
AL G4 BEEE AT dutFog Be Ao 7Y
g ggs AR & 43 w¥eze g Wil
Aot G2, AR BES 7R FHoz sto] BT A
A Y E Z90

2) 29 wol2~ 53 w3 %A

o ol

=

g2 to ez &

-

'—»] Transformati L
—» into Risk Zone

M.R > Threshold

Self-Localization |——

Pose Determination

e

%

L Motionand an Planning

[ vision Algorithm

a9 3 HA gy oHME.
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Fig. 4 Top view of a hallway.

R 1. 2d Ho]A F=& 93 Pseudo code.
Table 1. Pseudo code for the model-base cons-
truction.

for Hallway H;
for left feature Lx & Lia
for right feature R & R
ASSIGN Basis Points [ L @ R Lia - R
for left feature m (except k & k+1)
COMPUTE Invariant & Error Bound (I, DI)
For j=I-3DI ~ I+3DI
STORE (i, k, I, weight) at H()
End for
end for
for right feature n (except | & I+1)
COMPUTE Invariant & Error Bound (I, DI)
For j=I-3DI ~ I+3DI
STORE (i, k, 1, weight) at H(j)
End for
end for end for end for end for

X 2. 9 24 dugsE.
Table 2. Pseudo code for the matching.

EXTRACT Features & Basis Features in an input image
ASSIGN Basis Points [ bl : bry : bl : br2]

For left feature fm (except Basis point))
COMPUTE Invariant

INDEXING & VOTING

end for

for right feature rf, (except Basis point)
COMPUTE Invariant

INDEXING & VOTING

end for

If Voting # > Threshold
Hypotheses Generation & Verification

Vanishing
Point (xv Yy )

X

Image Center
Extended Virtual (0,0)
Image Plane Projection of
the virtual robot cente
Xy V)

B

Virtual
Robot Center

I9 5 M 2R FAHY 34
Fig. 5. The virtual robot center and its projec—
tion onto the image plane.
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Fig. 6. Definition of risk zone (a) risk zone in
image, (b) risk zone in world.

HIOi- KISS) - NARIZS =2X) RS2 K235 19%. 2

2o AAE vttt 0)AM HoJdE g 4 F3A
Aol FiH X #AE vepdTh
g (FY, M FV) e zo (YER, YFIM)e n)g
BoE ¥ AGe2RyH ddd 5 Ao Al
("Fy, "F) me CEDVENe wy gmszes
By dojAtk iAoz #A4] Taatr) 94 Qa9
Ao oz FojFk 7IFE Y AHo2o HELe v
<7 2o
xIm - WFlm(XW)=WFIm(T(xRW)) (20)

xRIm — RWFRIm(XRW) (21)

xlm - XRIm or wFlm(T(XRW))—) RWFle(xRW) (22)

Bl AAE W3 2AAW JQe. 5 E,g 7t
Zt dA F3 98 Ado 2o gy gate] uhrlg
3 A 83, ENme iR 13 94, AEL ge
7 o] AHojd Hsld Ygdolgta Ak

. _{HIGH if |JER™ —E. | > Threshold
" LOW  otherwise (23)

aHE (+DRA VE FEL Ao E dojd F
At}
- nEM + M,
Evi == 1 (24)
o ={Em if AE, = LOW
A7 A, " |ER it AE, = HIGH
HsE 94 AEQ tatel, 39 AAYE o]83dlo
FAEe HAFH. ZYQ $Ix= ag 7904 vEhd
Zt ABA 7k BAANE o] &3l F A
XW = RWFW(XRW)=RWFW(WFW(XM)) (25)

Frame

(RW F);R:lm’RW Fyl:.[nm) I
RwW

Frame

I(ImFx\:l’ImF;:;)

a9 7. 7 FHEA T AL
Fig. 7. The relationship between each coordinate
system.



Journal of Control, Automation and Systems Engineering, Vol. 5, No. 2, February, 1999 233

oL A8
Age B2x 8704 PR, 58 AFHE o8
ST 98 A4 =7 256 %2400t
1. A 2hH
a9 8 ANE ANS BdFm gk o)X HXR|
£ Sobel@MAE o] &3tgn, A3 AL Gonzalez
912 ol&atdrth 2 theoz Hough WEe) o) &=
YA $HAHES 229 EQFEL 1Y 8
A BE upel go) ol FAESY o] Atk npA
o7 7} ¥o e BEL AMHI} T SAH =3k ¥

g 2EzvE A3 Fol yess dgdedse
FHuo) w3 T WS FUE WAk B
E2ETh 1Y 8T AN 7Ed BR A
goln A%E ReFD A

(a) (b) {c)

Mean

H 50

H 60

T 30

H: 110

——
Column

Variance

(d)
(e)

a8 8 AA"E A (a) 4 °§’z} ® A A=A,
(©) Nzl @) 5AH F&, (e F2AUE
< e Ha ¢ “'}}.

Fig. 8 Results of Procedures of the image pro-
cessing (a) input image, (b) edge detec-
tion, (c) thinning, (d) feature extraction,
(e) mean and variance along the vertical.
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Table 3. Extracted features.

No |Image Coord. | No |Image Coord.| No Iclzzrg;

1 bl ( 76,101) 6 | (103, 82) | 11 | 1f(164,100)
2 br (247,183) 7 | Q105 80) | 12 | (157, 93)
3 bl ( 86, 94) 8 | rf(195,131) | 13 | rf(153, 89)
4 br (220,156) 9 | f(186,122) | 14 | rf(150, 86)
5 I (100, 84) 10 | f(168104) | 15

® 4, AAE EWg
Table 4. Computed invariant.

No. Invariant Index No. | Invariant Index
| Value Value

| o 0,0.72) Ip72 10 (0.15,1) 15
6 (0,0.78) Ip78 11 (0.13,1) 13

7 (0,0.82) 1p82 12 (0.09,1) ™9

8 (0.38,1) P38 13 (0.08,1) m3

9 (0.28,1) 28 14 0.07,1) 7

® 5 713 A wiAE.
Table 5. Hypotheses and matching ratio of each

hypothesis.
No. Hypotheses MR
1 (1,02) 0.73
2 (1,2,2) 0.94

¥ 9 F&H EXFHA 9
(O 53F +: B4 2dH),

Fig. 9. Results of verification (O : point features
+ : projected model points).
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¥ 6 A7 9A 12 A3
Table 6. Result of matching.

No | Image Coordinates (x'™) | World Coordinates (X*)
1 BI(76,101) (-103.5,1151) cm
2 Br(247,183) (1035, 598) cm
3 BI( 86, 94) (-103.5,1318) cm
4 Br (220,156) ( 1035, 688) cm

Robot Position :

X,="F"(x,)

Mo - Xis@t - ArEiZst =K

M5 H2T 199 2

x 9. 943 2E HAA ALY 712HE FHE.
Table 9. The risk zone in the image and the
global coordinates.

No. | Image Coordinates (x®'™) |Robot Coordinates (X®¥)
1 ( 0, V) pixel (=70, 250) cm

2 (H, V) pixel (70, 250) cm

3 #/A VY, )/2) pixel (=70, 640) cm

4 | aaavVtY, )2 pixel ( 70, 640) cm

i xiRIm = RWFRIm (XIRW) or X‘RW = RImFRW (X:Um)

E 7. A7]1 $1A Q94 dx.
Table 7. Result of a self-localization with the exact
ylm
Computed Value
(-2.03, 367.50) cm

True Value

(0, 360) cm

(x, ym™)=(0, 1070950.469)

= mrwd e A7) 4A A4 Fw
Table 8 Result of a self-localization when Yo ®

Computed Value True Value

(-2.14, 367.0) cm
(x>, ym)=(0, o)

(0, 360) cm
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Table 10. Result of pose determination for the
detected obstacle in an image sequence
for hallway L

True obstacle position A:(-40,1610), B:(-15,1610) unit : cm

Robot
Robot | True | ;. . . Error of | Error of
A% | 9% ;:jr Point A | Point B | poine A | Point B

a) | -81030 | 0,1020 -8, 10 | -37,1603 |-17,1603| -3,7 2,7

b) | -10,1068 | 0,1060 | 10, 8 | -34,1587 | -13,1587| -6,13 -2,13

c) | -3,1130 {0,1140 ) -3,-10 | -39,1615 | -17,1615| -1,-5 2,5

d)| 01229 [0,1220| 0,9 | -42,1620 |-20,1620| 2,-10 5,-10

e} | 91293 [0,1300]| -9, -7 | -37,1618 | -13,1618| -3,-8 -2,-8

f) | -7,1369 |0,1380 | -7,-11| -39,1630 | ~14,1630] -1,-20 | -1,-20

Average Error 6.19 Average Error 27105 | 23,105

(a) (b) (© (d)

(e) (3] (g)

28 10. FNE AAL (@YEIE, (b A=A,
(c) A7, (d) F4 ¥3, (o) 7IE
AE A9, () W AA, (@) FAE HA.

Fig. 10. The obstacle detection. (a) input, (b)
image processing, {¢) self-localization, (d)
transformation, (e) reference risk zone, (f)
change detection, (g) obstacle detection.
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