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Two-Dimensional Depth Data Measurement using an Active

Omni-Directional Range Sensor
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(In-Soo Joung, and Hyung-Suck Cho)

Abstract : Most autonomous mobile robots view only things in front of them, and as a result, they may collide
with objects moving from the side or behind. To overcome this problem, an active omni-directional range sensor
system has been built that can obtain an omni-directional depth map through the use of a laser conic plane and
a conic mirror. In the navigation of the mobile robot, the proposed sensor system produces a laser conic plane by
rotating the laser point source at high speed; this creates a two-dimensional depth map, in real time, once an
image is captured. The results obtained from experiment show that the proposed sensor system is very efficient,
and can be utilized for navigation of a mobile robot in an unknown environment.
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Fig. 1. The schematic diagram of the proposed
sensor system.
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Fig. 2. The proposed sensor system, mounted on
a mobile robot.
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Fig. 3. Basic coordinate system for depth mea-
surement.
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Table 1. Calibration results of the system para-
meter H;.
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value, mm 533.4 532.8 535.7
L CGLO. <100 0
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value, mm 536.1 534.6 536.1
(x,y,2), m|(20, 20, 0.39) | (0, -2.0, 0.39) [(-2.0, 2.0, 0.39)
value, mm 533.9 539.2 537.1
Mean, mm 535.09
Standard deviation (¢ ) 1.8686
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Table 2. Expenimental results for measurement
accuracy of the proposed sensor system.

real distance mean error max. error |error/distance
(mm) (mm) (mm) x100 (%)

600 ! 21.3 344 335
700 125 | 315 1.79
80 | 128 30.7 1.60
900 | »5 490 2.61
1000 24.4 445 2.44
1100 20.8 490 271
1200 25.3 46.0 2.10
1300 29.4 0.0 2.26
| 1400 354 576 2.53
1500 28.7 52:8 1.92
1600 306 57.0 191
1700 29.2 49.8 1.72
1800 24.4 436 1.35
1900 22.9 594 1.21
2000 15.1 39.0 0.76
2100 25.8 441 1.23
2200 32.6 60.2 1.48
2300 33.6 57.4 1.68
2400 38.2 79.2 1.59

2500 21.8 72.0 1.11 ]
2600 389 68.0 1.50
2700 36.4 64.4 1.35
2800 40.5 69.3 1.45
2900 48 676 154
3000 54.6 96.0 1.82
‘Total mean 30.1 - 1.74
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Table 3. Specifications of the implemented sensor

system.
ITEM SPECIFICATION
S—
634nm, 12mW

que léﬁér ~ &P(gwer :l‘ech.)
. . vertex angle( e)=113°,
Conic mirror

. H = 60mm
CCD camera 1/2 (SONY)
Band-pass filter 630nm
Focal length 7.5mm
Effective measurable height Omm-681mm
Effective measurable distance 0.6m-3m
L Resolution of distance 12.5mm-54.5mm
Distance between floor
and laser (Hp) 390.0mm
Distance between floor 535, 1mm

and lens center (H))

Distance between floor 0
and vertex of conic mirror (H) 640. _l

Laser rotating speed over 1800rpm

Resolution of laser swing angle 0.2°

AA Ao} Al Alz=Hlel oF FHE A soetE
A HeFa Qlth ) 8(d)e A7) 43 Ans 4
A Aol Ui =98 A BAZ dehd Ffolt
o] RHEG A sleld] 1 HE ZA Holesr 9
A3 Yar o= B AN AxHle 23 Hrr) Erie
424 UE & JA AFEY 9 ZAT 23 B
A3 1Y 8(e)9k #o] HAl Agldl m& =4 o3 (4
A A= @& - 38 AR e =AE R A9y
OF olFERE FAoZ o Jm WAL e 99 Y
A9l HF A 3 LAe 21.3mmola Ao 73
2271 78.0mmeolATk. tlEo] 18 8(e)d] Ao 23
2322 e A=) B8E 1 23 237 ARXE A
< ¢ F ded ole 2P o5 BodFE 1Y 69
3 Ag Bl uidt A9 dXges & 4 AUk
olo] 1 &3 2x9 YU e EAE HE S
g

AR, 219 3 BN A dolelEs Talu
7] fiEiMe 4 Al gt Sy P4 He S
E3lok sh=ul, ol3 FH AAE HAFAAM -2 HA
9 exp} WA £ Ao =4, dPde F4o EA
o] mEXx R3H FAHE #HolA W Zxo) iy 2
A2 Qs AA A4 ARy e 9 AAA B
o} AR, 17 8(b)9} 2o] Y% ALS Fil TP o
4 Heste Fd Ao dFd Azs Hsked &
A AHEEtn Qe A" 3F gxnEFdMe wzde
05° oz #F3A B 449 uwejzto g9
shtel HA HE Fol Az ZAY] o8] 1 AZE
Agkgity. 2y GeM e HAEL HasHgor B
250 QlolA AA Bde] 3l wAT 5 Ut



(a) (b)

Distance error , cm

et Actual Data
= | Measured Data

Y A
Obstacle 1 Obstacle 2
{ cylinder } 2504 { square pillar )
ned Door
2004 E::;‘ Ope
15014
Gl
st
— ~—»
-150 -100 -50 0 50 00 150 X
~50
-100T
Wall Wall
-150-
2004
2ol
Unit : cm
-300-

Measured distance, cm

50 100 150 200 250 300
Real distance, cm

{d)

; H i ; H ; H ; H
120 140 160 180 200 220 240 260 280
Real distance , cm

(e)

a¥ 8 FHEHC Wi 23 Al A A (a)
AYPEH, (b) F3E 44, © 2349 A
73 A8, (d AA Al 9% Ay &
Az, (@ A Al gig A &3 oA

Fig. 8 Experimental results of two—dimensional
depth data measurement. (a) the envi-
ronment, (b) captured image, (c) mea-
sured two-dimensional depth data, (d)
real distance vs. measured distance, (e)
real distance vs. measurement error.
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