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Off-road Localization Using Monocular
Camera and Nodding LiDAR
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Abstract As a key issue of unmanned ground robots, local-
ization faces more challenges in an off-road environment, where
scenes are lack of structure. This paper proposes a visual local-
ization method developed by combining a nodding LiDAR with
a monocular camera, where localization is converted to a prob-
lem of re-projection error minimization between LiDAR-camera
feature correspondences. In order to establish plenty of scene
features while reducing the effects from low-quality ones, two
procedures, i.e. LiDAR-to-camera and camera-to-LiDAR pro-
jections, are developed to generate feature correspondences be-
tween the data of two sensing modalities. Confidence measure
is developed to evaluate the reliability of the established corre-
spondences by assessing the factors such as system error, data
association, occlusion, feature detection and tracking, so as to
improve the robustness in complex situations. An experiment is
conducted in two typical off-road environments using a wheeled
robot with a nodding LiDAR and a monocular camera. The
results show that the proposed method achieves more accurate
localization than the state-of-the-art mono or stereo visual lo-
calization approach.
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Fig.2 System overview
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Fig.3 LiDAR-to-camera correspondence generation
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Fig.7 Projection results of LiDAR points
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Fig.8 Feature tracking and confidence measure results

5.3 FERLER
5.3.1 MEFINE

AR SEUG IR AN 8] 6 (a) FTo, A ERIE I R AR,
ISR 2. BT ARG A IR G T U SR AR T 1 R S,
SEEGIGUN ET4T 30— BR 20 35 K I FI-G 30, DU RIS
RZEAE A FER DT WU HE 5 (odom), orb-SLAM (77
. H orb-mono FIX H orb-stereo), X H libviso (viso-stereo)
FUAS S BAG PG o Il 5 € AL 505 (our + SOT) 457774
gk, Wi 9 Pros.

1EE 9 (a) P e i 2 b, UL HE S0 A M i
RANS FEY B TR RS BERAR, PH i 22 K B H AL 5 A 5505
WA R R, A IRZEBR ASCHHLS WOtEE S
SE AL AEMENIE 5 B WL 8 AL, TR e Al kG
W T H M A SE. ISR BT IR Y = 4z 5,
AT FH 4 A5 R 2 TEVEME R = e 0 RORS R DRI, s

SERTL T # A7 2 B RE (2) {1, Wi o (b) i, M
W KT, ASC A B R LA i AR T A
(I e R 2 %)

10
— odom
....... orb-mono
--e-- OTb-stereo
i --- VisSo-stereo
K, L==our + SOT
6 L
4 L
£
o~
2L
ok
-2 \ N e TS
74 ‘
0 2 4 6 8 10 12
X/m

(@) 4 (X-1) &R
(a) In X-Y direction

(b) RifZ (2) e R
(b) In Z direction

9 IR £ 45 R

Fig.9 Localization results in off-road environment
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Table 1  Results of different localization algorithms (m)
LI FRBE A 1R % A RS ik
4 =4k —YE =4
odom 0.2528 — 3.9004 —
orb-mono 0.9937 0.9937 16.9097 16.9231
orb-stereo 0.5565 1.1419 3.8488 3.8708
viso-stereo 0.2501 0.3644 10.1943 13.1358
our+SOT 0.1031 0.1094 2.3492 2.5889
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Table 2  Correlation of re-projection errors and

localization error

R A B2 (pixel) FENIRZE (m)
orb-stereo 627.00 6.33 1.1419
viso-stereo 621.72 7.69 0.3644
our 612.09 4.32 0.5126
our + S 568.07 4.23 0.4299
our + S + O 318.08 3.77 0.3047
our + S + T 295.92 3.74 0.3100
our + S+ 0+ T 244.52 3.40 0.1094
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