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Development of Omnidirectional Ranging System
Based on Structured Light Image

s *
& &, ol =&

(Jin Shin' and Sooyeong Yi')

'Seoul National University of Science and Technology

Abstract: In this paper, a ranging system is proposed that is able to measure 360 degree omnmidirectional distances to
environment objects. The ranging system is based on the structured light imaging system with catadioptric ommidirectional
mirror. In order to make the ranging system robust against environmental illumination, efficient structured light image processing
algorithms are developed; sequential integration of difference images with modulated structured light and radial search based on
Bresenham line drawing algorithm. A dedicated FPGA image processor is developed to speed up the overall image processing.
Also the distance equation is derived in the omnidirectional imaging system with a hyperbolic mirror. It is expected that the
omnidirectional ranging system is useful for mapping and localization of mobile robot. Experiments are carried out to verify the

performance of the proposed ranging system.
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Fig. 1. Overall omnidirectional ranging system based on

Camera

structured light image and system configuration.

, 0l = ¢

W 2 F2JE AR AHE AL Hr
ZPSAE BT A gouzg J|EY d2 s
AREE & A9 T Ze] H¥ FE2Fe HEY
TZBYE A9y A=E F3 E421Z1 AolHH10]
1. deek g ke

A vkl o] FAdS JUn A=E F3f A¥F e
2 PEe FANA oA 57t wolA7] wgd
=3 HEL AT F3AY HRoIM FH 7S o
stA "t} ol& 343 -‘ﬂﬁﬂ B =EMe a2 &
o= mggoldd wet & FEFFIuF T 2
% $(difference image)S- /\]71-01] E}E]— TR 29 FE
gaYES AL AT AR dagEe T2l
Bele stants dYHow Asjehe aR) o=
A QAN 723 sFehe stas gAY W, FH
Z el Ad 54 Hltk

9 2& 7% EEYoldd met ¢ IS oA
o2 A AYHFS BRoEr 723 AFske 3
’*501 T’ﬂ%l—?"ﬂ Eh’% x‘jz} "*E“z—‘l—i dede B

nr

=% E}ﬁt}.
2. MU TEY F B

A F2F PPN AYIRE Q7] AE BA
FEG Bk ;ﬂ Fhlietel F4, 2 F3(optical axis)ol

He 723 AA g A=E F

bﬂ°k ffPE} %HHJ Fde Aole 534 FAE 2
AA = T y WO R BMEE Zo] BEo|ARL A
W WJ«] —"roﬂ a3 304 Hol:= ule} go] F=
£ FHo7 3 WAlSKradial) E4o] Hgslth

el Wekz oo gt 7|2AQ WAl g darg
& 19 49 2ol el & Atk BE WEkoz gals)
7] YEME 0° < 0 < 360°] A o]F wkEshd Ak

(a) Original image. (b) Difference image.

(c) 5th integration of differ- (d) 10th integration of differ-

ence images. ence images.

382 72 G AHE 93 E 2
Fig. 2. Result of integration of difference structured light image

processing.



Radial scarch el
» o

» y scarch

#» X scarch

a9 3 Y FEB G AT B 5, & BHO
EHE 7234 3157 9 A

Fig. 3. Radial search for omnidirectional structured light image:
p, denotes pixel distance to the structured light pixel from

the optical axis.

for(r=0;r<r,.;r+=4r) {
z= z,+ rcosd;
y= y,+rsind;
getpizel (round(z ), round(y)); }
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Fig. 4. Basic radial search algorithm.
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Fig. 5. Search based on Bresenham line algorithm.

e=0, y=y;
for(x=xs;x< xe;x-l—-}-) {
getpizel(z,y);
if(e+m < 0.5)
e=¢e+ m;
else
y=y+l,e=e+m—1;

2% 6. Breserham Q32 % 714 G4 T4 1) exjmE.
Fig. 6. Pseudo code for image search method based on Bresenham

algorithm.
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Fig. 7. Radial search based on Bresenham algorithm.
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Table 1. Parameter values at convergent state.
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