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Localization of Unmanned Ground Vehicle based on Matching of
Ortho-edge Images of 3D Range Data and DSM

Soon-Yong Park” - Sung-In Choi™

ABSTRACT

This paper presents a new localization technique of an UGV(Unmanned Ground Vehicle) by matching ortho-edge images generated
from a DSM (Digital Surface Map) which represents the 3D geometric information of an outdoor navigation environment and 3D range
data which is obtained from a LIDAR (Light Detection and Ranging) sensor mounted at the UGV. Recent UGV localization techniques
mostly try to combine positioning sensors such as GPS (Global Positioning System), IMU (Inertial Measurement Unit), and LIDAR.
Especially, ICP (Iterative Closest Point)-based geometric registration techniques have been developed for UGV localization. However, the
ICP-based geometric registration techniques are subject to fail to register 3D range data between LIDAR and DSM because the sensing
directions of the two data are too different. In this paper, we introduce and match ortho-edge images between two different sensor data,
3D LIDAR and DSM, for the localization of the UGV. Details of new techniques to generating and matching ortho-edge images between
LIDAR and DSM are presented which are followed by experimental results from four different navigation paths. The performance of the
proposed technique is compared to a conventional ICP-based technique.
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Fig. 4. Example of ortho-edge image generation
Fig. 5. Generation steps of ortho-edge image of DSM
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gt dngEo AsS HUlE] AdA B ATl
A ARM W 71ES e AETS ALE S ﬁﬂ"l*‘
[1213]9] A#E A= vwstdrk 24 Aelx A&
ICPE 7Iute] 33 AdtelM AT W& S+s v
= 103], DSMZte] Age 3032 nAgstAch 12l 3%
o A gust DSME AF37IAstel 4 83E 374 o
SHEY & Hgsiath. durd o= ICP Aol A&+
WeASl ok wELE Aae A FAAL 57
Qo 33 AA AR E= DSMY 718ty Ao et
i g2 o fsdEe o3y 2EH 4o AnE
7t Q7% gt ole e dF *E!??.MW Bolazt grh A
ol A Abgg ARe] 32 AT Aue FuEd [12] ¢
(13]ell 4 AH&3F g H ot &t °Z4X}7} OlERES &
Aste] A2E wet FPstAA 3349 LIDAR AlA = A
W 7 ARE 58tk Al 14T GPSE ol &
slo] ol =39 Ground truth #& ¥AS5dAT. 2 =& A Wgte] &g FPon FHaA R Aeet
JME GPSE 5% YXHRE 23 B J|EHeR T Atk
AH-&-3h Tk 32t & Mot Ads] FolEdEE V&
Fig. 12%& A3 AH4E DSMS HoEth a-dA & 71gke] 91x|R124 Atol] wste] FAREAA G
29 ALz ks Ao AR FARRE xSt A o]&gk A F49o Hsol 5 ¢ F Utk A
& EABH T Table 20l& Adel ALEE 4719 H =9 A 718k7INke] B AR w o] 3xkd o
WAl ARE AASATE Table 3014 AR A4 Age] AF7 eS8 ¢ Stk ol 31#dlA 7hEF
Z23}E HoFErh AR P45 AYF 4 F3 HEel st uke} Zo] ICP7]We] AR-E 7 33 AgA R 1
of F W AF A3E HoFa vk A¥2 ICP &4 Atelo] WHEAAHRE R o2 Fated o RHE 3}
FE 2t AU 45E HAFETh T 3R HR SHES 4 g AEZ Y O AFE
Atolel Al &R ES] +7F BEFE AH] AEg=I FF th owkek F 32k AR AR A BEErE
g9 HojErh AR P29 ASE dedom u$dSTt of Mee ol Aol AHfEdsE F AR
Be A5 A7t o vmPds & F vk ol 34 AAY 25 APz Qste] BE&HY Aere
HEe d&A 7 d=stA B A4S ICP 54 4 3% A @tk Table 314 2@ 7+ A2 'Exp-1'9 74
Table 2. Navigation path information
Path P-1 P-2 P-3 P-4
Total frames 970 650 549 1130
DSM resolution (pixel) 1677x1441 969x2713 11251336 961x820
DSM accuracy (m) 1.0 1.0 1.0 1.0

Table 3. Localization results of four experimental paths

No. of correspondences Localization error (m) Computation time (msec)

T | onente | P | omomie | P | ostoose
b1 Exp.-1 21 7 51.9 6.0 246 293
Exp.-2 34 87 58 4.3 282 305
oo Exp.-1 253 296 35.6 6.3 291 328
Exp.-2 I6) 54 9.6 84 259 274
b3 Exp.-1 41 45 411 38.8 233 278
Exp.-2 66 65 6.2 6.2 253 250
P-4 Exp.-1 440 424 34 12.1 328 499
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