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Development of Omnidirectional Ranging System
Based on Structured Light Image
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Abstract: In this paper, a ranging system is proposed that is able to measure 360 degree omnidirectional distances to
environment objects. The ranging system is based on the structured light imaging system with catadioptric omnidirectional
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.

Keywords: omnidirectional image, ranging system, laser structured light

L A2

ol g2 Eo] AEFY3| AsAe FHEE EXTAY
A delgrt Hasith A fﬂ °JE
Lals 0}‘43} 7‘4@’17]”3‘0“’\1 °lE

= 249 Exﬂﬂ = 75}"45}5‘3] g2
F Aok 7%1]%7‘3 wAe] EAR] dEs ZHEe 9%
WAL ASAZAIE 402, HolA 2, F2F J

)] "Eﬂi‘ﬂo QA g AREFS g5
Aol e}, tl-8-F(correspondence) E—Xﬂ uj
Jbgo] Ha i, 3 Aol oFsio2).

2 Az AZATE S A5 AFTARE =
o Age A= l:g— lg_i T;HE;HOE_ 205} @
d= = F Utk 3F
i e B S [

(3) @olA 2Ny =2 AF AUEE /A ST
FE = A o] Ro}, 2 FEF) AEE 7]
A7F Bash, 1gds AR e] 1HlE A7 3

“ :ILZJ’L REhee V—\} S8 A glo] A

Bl Aig A ARt e, deld
P WA A i) el 7 DA
AelZg A2 FHo) ofel it et 2ol A
10) W Aol WA A G} 2

N

* Q= 2K Corresponding Author)

=EFS 2011, 11,24, 57: 2012.1.30., A&
Az, ol MgAErIstigta 7158
(gomlands@naver.conv/suylee@snut.ac.kr)

g 2012.2.7.

Copyright® ICROS 2012

shE]aL 7h4o] A-slx 7] Wil 3ol golsixlrt. uket
A o]E 2R, HOAxH 339 FluElse] Hopo|A P2
33 Jabdol ek A7 FstA o] o)A Ytk

ol FEE ] ALFHS Y TxF FAEE AGAA
AL A%, 3 Wol 753 Y
g5eh= Ao Fejsitt. 78, 9B, A1, 23
HE A 22 59

mlm i

oflt
al
i Y
o
M o
z
%
o
o2
2
2
f

(omnidirectional) 7}lEl= 360 = U SAHEE
g Y FEeR s F W] wEe FF FATIN
AJAA el aRHer 38d F Utk (794 4
AEE A A Hletet AN 23 2APAE
ZFat AT AYAXE NLSHAT, ©lF ol FZHE

283tk 360=
[71914E H(point)H %LJ_%% FEol o3 M= AR

of WA 27sks WS ol &3tk s [8leMe
AeF e A7) 93 22 E AT UeE 939
5

o
o
2
=
N
)

o
o,
it
oflt
Al
o
=2
z
>,
>
N
rir

Ader Lz

AN A AHuEo 8 Txae zAlsls whalm Adg 9
S o83 Ay FxF B4 e By Wy} vof
Aeg FH 2gEel oFstthe 2AFC] Aok 2ER
TZ234 GAS AEshe FFoA 2ol AASHA
2% e Agsh= H&%O] g st



N
[ee)
S
=

el Mgty x99 422338 (telecentric optics)E T8
2 = 22y Agde g 719 Elts ARE
& = A= AT H Y (hyperbolic) A2 Ao, 23k
I AL B w2 AZALAE =ESTh Eg
e vie} o] Ay A=zo o3| ozl Feux] U
EE zte FEF QoA FHEEGS A F4A
g WS Adgh 2 AL gEke s ARE 53
ke Z53 AlAY PSDAIAC] HIg] wlg- B&FHoRE F
H 3Ee AYE 45 F Ao, gEtA o2 EY] A=
A7 AT F8tA A4 2 ¢ ok B =79
TAL g3 2ok WA 11 oA B =FEoA gL
TF2F Q71N AE ARSA AX AT AALE,
aga T3 A el el AEstar, 11 FolA
AE a2 v4, 283 AFAHE AAgh g3
IV Zollx 285 deth

Wall

|
+

Omni-directional \'\
Mirror

Object

Camera—»

; e Embedded Board
Laser Source

(a) Overall omnidirectional ranging system.

Omni-directional
mirror

( Laser
) )

= ,\(/ source

Tmage l )H ON-OFF
modulation

FPGA embedded
To PC
L| USB [—>

image processor
(b) System configuration.

Camera

a9 1L A 723 Q7R AN ARSAH Al=H B
Al2=E] A

Fig. 1. Overall omnidirectional ranging system based on
structured light image and system configuration.

ol = <&
Wk g FRPS AT gAY AL HEY F
AFSAE o= IF gorz Y|E U JEE
AREE 4 A9l 28jar Ao dF 7B 1YY
TEZEYE AUy A=E 53l B2 Aolti{10].
1. Marer g AAk 2|

gk v} Zo] FFdS Ay A=E 53 J43o
2 Tee ZAHAA FoluR] "xr) wolx] 7] W] T
X3 AES A A FAHAA FH 2SI
stA €tk ol& #Aslr] fE B = dAe FRY 2
o BEFolAdd wet d& FxggFuEgdre &
% H(difference image)= Al wel 3= 3g HE
SuEFS AMSAt AGd AR GaEeS FEFl
AFete gavks deF oz Fdlele Ayt Jor=
A Gl A F2Bol sDste SaE ST o, FH
ZEAE AAe 545 B

]
ago] TG wE A dEAeR Aids &
Stk 2 =wellAE A 103704 2493 A AWt
=5 ssith

2. Mgt TEY AN B

. T

WY TEG GoIN ANPRE 97 Aaite WA
&% 23, Aete] F4, 3 B3optical axie)]
2 SariA) P AdE 7

Slof Fch. QuEAl o) Aeole S99 Hag 3]

R o
YFow PASHE Aol BEeIA,

TG 4E
gk shazyE 7

AalM = T2y
W& Gl Agole 28 304 Hole upel o] B
S T4 2 & WAFKradial) B40] A etk

shutel W& goll wigk 71RAHA WARE ' dae
T 39 49 Zo] yehd F ik e o s g8t
7] 93AE 0° < 6 1=

(b) Difference image.

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

ence images. ence images.

Y2 PR G AR G A
Fig. 2. Result of integration of difference structured light image

processing.



wRZ Fab|gt dyst
5
E Radial search - —— Radial scarch
2 » - - «
= s
A N H 1 d
3 g S
g ¥ i
A
¢ % P
Ill o \ P 1
i A
p—— ]
Optical axis’?L\/ *
{
{
‘l\ /
L ” A
\ - ik e g
» X scarch
9 3 A FER Gl Ul AR B p & BFO

ERE 2% 7R 9 e,
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p, denotes pixel distance to the structured light pixel from

the optical axis.
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x = x,+ rcosb;
y= y,+ rsinb;
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.
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if(e+m < 0.5)
e= e+ m;
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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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Fig. 9. Omnidirectional distance measurement based on structured
light image.
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