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Localization method for intelligent vehicles based on map
representation from 3D point cloud polarization
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Abstract; A method to improve the localization accuracy of intelligent vehicles was proposed by using map
representation model from three-dimensional (3D) point cloud polarization. The point cloud polarization image was
used as the node in this model, and the global position representation of the node could be realized through high-
precision Global Positioning System ( GPS) and Euler angle. The 2D and 3D features of the point cloud were then
extracted from the polarization image to realize the multi-scale feature representation of the node, and the numerical
description and virtual reconstruction of the road scene were realized through a series of polarization nodes. During
the localization process, the 3D laser point cloud was in real-time acquired for polarization representation, and
multi-scale feature matching was carried out with map nodes to realize the map localization of the intelligent
vehicles. Specifically, map nodes were first filtered through GPS matching or topological localization based on the
stability condition of the GPS signal of the intelligent vehicle, and a localization candidate set was obtained for the
coarse localization. Then, the nearest map node was detected by matching the 2D point cloud features of the
polarization image from the candidate set to complete the node localization. Finally, for the metric localization, the
position of the intelligent vehicle was calculated by using the 3D point cloud feature matching results and the global
position of the nearest map node. The experiment was carried out in two typical scenarios. The node localization
accuracy rate was 98.7% , the average localization error was 21.4 cm, and the maximum localization error was 42.
9 cm. Results show that the proposed algorithm has the advantages of high positioning accuracy, strong robustness,
low cost, and simple calculation process.

Keywords: intelligent transportation; polarization map; scene representation; map localization; data fusion;

localization for intelligent vehicles

BEE N TR RE KRB . =B WM&t Bleado RN HAE(E 3 B RE I 36 5E ,, e
RO H BB RS E AR AR Rk
WFS B : 2020 —05 22 JE AR PR TR M A, 1 T LIDAR ELAT =00

E£mA: FEZRELAVEIT (2018YFB1600801 ) ; T PR ili H #A Rl — 2 % - 2 . 2 S
ey et VST S, e B A M KR R Al 7SS0l 4 B

(2020010601012165 ,2020010602011973 ,2020010602012003 ) E’J%ﬁr‘zz s JEH o E ﬁfj‘% T {%//1 ﬁlﬁ E(J H‘E \]ﬁ KHE ,fj jj‘i% 7{1
fEE R WIEIB(1979—) , 5 3%, T LA R
BIEEE . 5B, zzhu@ whut. edu. cn

SLAM ( simultaneous localization and mapping )., SLAM
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Fig. 1 Flow chart of the system
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Fig.2 Polarization map
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Fig.5 Coarse localization based on topology

BT s YRR S BE N . BT
ARG 15 8 519 RO R = B e Ak i Ak B9
HEAT Y B 1Ak B, 4 HRUS Ah B 14 7 e i) SURF
F1 ORB 4 JRyReAiE, 773 55 1 61 i A R) o LUk DG i
FRE T SR A2 v 25 R 1) SURF Fl1 ORB 42 Ja) ¢
ik, R T 5 A TR AN R AL T =2 ] R AR, AR S
PEH T IBCRRAE VC B Sk, BRI D) fRa
SCSWIE N R 5 iE 4T SURF Fl ORB 4 J&) REAIE
VCHC;2) 315 SURF F1 ORB 4 iF FE 25 fin kL 414 , BE
BE AN, DR TR AR P T 22 1) A AR B vy, LA
HHEAKXN

1 ny
dp = — X Z .:ldfi (6)
n, i

ERE RS o IIASURS Ak DT E 3004388 o o PRI A IX 3 el
o3 B XIS BN REAE T HEAT DR T, ) FH VC PCAFAIE
[ P9 B A LA DA A [ B R Ak B 5, B
WER LR IS TSR] R AR RURE . d i WH-
KINN 303530 drc a0 ) 1 4 s, WH-KINN 5803k 3 i
FUARAE AR DA IR P 3] BT, 2355 AR ik D 75
SE CRAR R T el R I A IE A R

BT N m YR R R E N . H Tl Ry
TENETY R S8 B 5 RS R = 52 B, T ik
5 i BT FAR ] , 5 20 R R, o A1 s T A
TR AEAT R 2 T PR A A B Y A R AR T R
fiE L EI AT A SRk e Bt 300 o 2 A4, LU IE
T 7 S R i Al 4 T 4% ) A A R T oy
AR, PEE 7 24330 A et 30 2 0 A58 1T 79 R A1E DG 5 T
B PR R AE AR GPS Bzl A B 25
P s FZH A3 158 5 52 (S F MRV B2 B0 P s X DL JE 25
T REAT AR B IE, i B R R AR I, LA S5 e
AW R AL, MR 2k E LI, BL GPS



55 8

BARIEC, 25 =2 o WA R AR R 58 R 4 e 3 Jy vk - 107 -

TR -0 A 67 1, i AL RE A5 25 AR s i i 23
MR EPEALL TR AAN
X

after — Xhefore ~ Xe

Yatter = Ybefore ~ Ve (7)

Zafter = Zhefore ~ Ze
Pt = 1 Fpetore > Voetore » Zhetore | B TERT Y 25 A
PPt = 1 Fater's Yatter s Zatier | HAEIEJE Y 125 28 AR
P, =1{x.,y..2. | A GPS ZINHLBLAL 5 B A 20k
e ESH . TRl B RS AVE R S 2 X A bR K
L-M BRI 2 61 w15 il e 3 e ) e 2 1)
R FPFRS ) T, 4545 i T M 11 39 5 i 22 JR (o
5B, BRI L 4R OL BN SEUE AL

2 EZmER

S A PR R 37 S R AT 1) B e el X PA
PRERER, ULIE 6 (a) , %A T 600 m, 4 o 1 AR

W EGPSEESHL

15 000 m®;2) BTl bel X A BR B2k, LI 6 (b)), %
R KON 891 m, 78 35 I AN 20 900 m*, A Ak ]
¥R Velodyne VLP-16 LiDAR 541 &1 G454
RTK F AR K 58 WL, £ 4k 72 i >k F Velodyne VLP-16
LiDAR 5338 GPS WLk 52 i, VLP-16 LiDAR
1) Fee I 3 FEL Ry 100 m, K5 B2k 3 em, 16 2530
L, T EA N 30°( £15°) B THER 2°,
KA R 360° KM A0 BERATE 0. 1° ~ 0. 4
PEATRERE A SCUE B 0 10 Haz, KV 143
BERN 0.2 A BT 0 TAEHE K10 Hz, 25 5
RTK $ ARG W MG EE A 1 em; 55 GPS 420411
SENKEE N 10 m; KL RGE Mz B -6 M EA 2.8
GHz i7-7700HQ CPU WYZEiCA LI, St 1 SR
W ES B 8h AR A4 LR PS5 WL 6(c) ;3%
52 SRR BRI AR I A, L B I
Kl 6(d),

EEGPS
BB

H6 SRHRSTFA

Fig.6 Experimental scenarios and platforms
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Fig.7 Localization results of campus
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