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Lidar Point Cloud Descriptor with Rotation and Translation Invariance in
Dynamic Environment
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Abstract Descriptors in lidar closed-loop detection algorithms such as Intensity ScanContext (ISC) are easily disturbed by
carrier rotation and translation variations, and their invariance is weak, which leads to poor closed-loop effect. In view of
these problems, a lidar point cloud descriptor with rotation and translation invariance in an urban dynamic environment is
proposed. Firstly, in terms of point cloud processing, a ground point segmentation algorithm based on angular images is
used to remove ground points in point cloud data, and a dynamic target elimination algorithm based on curved voxel
clustering is adopted to realize point cloud segmentation and remove dynamic targets. Secondly, Coordinate system
transformation of point clouds are carried out based on quaternions collected by an inertial measurement unit, and the point
clouds in all frames are unified under the same heading angle, so as to realize the rotation invariance of the descriptor. In
addition, the relative position relationship between the static targets in the point clouds and the normal plane where the
moving direction of the carrier is located is used to determine the rendering center of the descriptor, so as to realize the
translation invariance of the descriptor. Finally, the proposed descriptor is used for closed-loop detection, and the
consistency of the closed-loop detection results is verified according to the spatial structure of the point cloud data. The
experimental results under the KITTI public dataset show that the proposed method can achieve closed-loop detection more
quickly and accurately in an urban dynamic environment. Compared with that of the ISC algorithm, the recall rate of the
proposed method is improved by 8. 58 percentage points at an accuracy of 100%, and the average time consumption is
reduced by 12. 90%.
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Fig. 2 Curved voxel structure

Az, g o B 20 AR 32 B o, R AR I R

T P () o M R T R
FEF T B I B, A DL ST O 2 b ke 3
BN 2B R A I T E R TALE o JE
Sy A FURL T AL T ol i A 2N
X~ bel(x,)zp(l‘/

Er s M[L/]>:

p(x‘, x, L E, u,)p(x/,l)z /JP<E,‘ .T,>E(.T,), (4)
wS“Zp(E/ I(,"')>= z N(E{J*I(,") Uy 0'2>,
/wo.HEV—T,““‘y:‘D

(5)

3wl KR 2 (AT 5 Dk WL 5 0 £ 1
BN (o] o 0%) 5 R0 L FH 7 B

(b)

BOJ5 AR AT A A R OB T REX,. A
H AR OB T 1 D /N B E K R T % 2108
1M 3h A5 B AR FORE T 19 D ok FLARLCER B0/, o 3 5 0 &
BB . 30 1L SR B R ARE Oy v R TR HEAT R AR
57 RS EE XS4 F AR 70% 1 S 1R
S % 53 80 B A R 30 A HBR BB 3h 7S H AR 9
M

] 3 2 WA B AT X . B 3(a) R
JE I 25 2 B L B O T AR B 1 T A A4 b
WS A BFRA B F3(b) 2215 4 H] 7
LK 5 B B 25 A R 9 5 25 AR P ] —
I A 5 DL [ B8 6 75 o 3F LR 3(a) L (b) AT LA
L BRI S E 2 R, BB HAR A
B {1 2 2 B0t %

3 sz b BRGS0 Lo (a) 5L 2 25 85 () 20 5045 3 245 F AR S BR AR 18]

Fig. 3

Comparison of results before and after point cloud processing. (a) Original cloud; (b) result after segmentation and dynamic

target elimination

4 el 5V B ANk S B

ISC PA 20 A 0 4 38 - B SR K JLAnT 5 58 B {5 A 485
AT DLk B4 R i 04 DC R (H O RO 2% e i
FPEREANAS M | 7 38 2] )2 1) P 2F sl A8 38 7 88 S5 AR fL A,
LA AR VT 0 T B R IR R R s . PR, AR S
TE ISC AR D4 38 7 B S hk b8 0 T —Fh oA e 5%
FISEFE AN AR M 0 4 Ry ik 1 o
4.1 MHEATHINIEE

ISC 5 DA 24 A 0 4 Je 4185 348 080 10 ol FH 28004 Ak bR R

A R 2 A T AR bR R X IR T 1) 5 3
R IE T3 18] — 20, 5 2 B 2 Wl A e e i e 2R ek
M5 BT A2 R0 4 R i 0k - R AR A o D W R P A
I 8 T B e B AN S AR ORI IMU ) i i
35 4% 20 24 BT W 25 B 1) A, O 8 G X LY T 2
) 465 WU AT 25 AT 100) 73 =22 22 S 3 R B A £, 5 1)
A A 63 08 18 2 M AL AR AR BE AT AL e BT AT iR
F14 A b 8 L 150 3 B3 28 PR 5 — EHL A Bl 2804 1) 2 i 742
A, BT 8 45 Fh i 2 080 BT 2B B AY 4 JRy i 3 1 FL A e
A

2401007-4



% 42% F 24 H1/2022 £ 12 B/RFFR

B A (I A 2 a2 TAL B A A2 B
WS P, % ik b R A M 0 5 2 500 P IMU R
B B K R, H R WO K g =
(ge @0 g0 g ] Mo gu WEW g W HE
L U T B Sy B AR SR R 1 S A
Nw,

_arcsin { 2( G qy — q:,q%)il_
anw, 2 ( Gw. 4z, + Q,qu:,)
arctan
an, - 1—2<q?’+(]?> s (6)
QPilch, 2(%- q. + (1‘1((1‘\‘)
arctan . .
1=2(¢'+¢’) |

U Qua s Quon, T Q e, 73 1) 4 2 I Z0) AR 8 285 BR AL £
OPIREIPEEIN | w e = R R 1A E

SR 38 J AN W L A8 2 T 2 5 28 B A 1 A Qe
5 WU WL 2, 58 220 B 150 ) Qe B 22 (L, 755 2 24 AT IS 221 £

F4 D L A 0, =R
0= Qyuv, — Quaw,o (7)
F AL A8 0, Jn A 21 04 T e 6 1 R X o = Kl P/
PEAT IR , [ 45 P/ Ak Ak bs 207 1) 46 48 45 2 JRy A s 2R
J7 I PR FF — B, A b R AR S B 5Lz 80 P BE AR
i@ e T AR A, FH L2 R

(p) =R(p1) =

cos@d, —sind, 0 Off % X

sind, cosd, O O yz/" _ y,,’,’ ) (8)
0 0 1 Of] 2 2;
0 0 0 1] 7,

Bl 4R TBIERNEM S =B ZRER. 7ER
4Ca)mp, i = A bR R (AR AR R ) O-X,Y, Z,, 78 ¥
Jei A bR R (S ANAR | Ak A Al 5 0 46 ot A b 28 [ 4 )
B A FR 2R ) O-X, Y, Zoo WNE 4(b) B, 38 3 IMU %¢
ARG, O-X,)Y, Z b R AL R T O-X,Y, Z, 2 bR
T, IR8 Thes AR ROER .

K4 BIERTE M s bR 2R B (OB IERT; (DB IER

Fig. 4 Schematic diagram of point cloud coordinate system before and after correction. (a) Before correction; (b) after correction
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Fig. 7 Comparison of invariance performance. (a) Rotation; (b) translation; (c) rotation+ translation
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Fig. 8 Precision-recall curves for four different sequences. (a) KITTI 00; (b) KITTI 02; (¢c) KITTI05; (d) KITTI 08
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Fig. 9 Precision-recall curves for two different sequences. (a) KITTI 00; (b) KITTI 08
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Table 1 Recall values of each algorithm at 100% precision

unit: %
Sequence ISC SC Proposed
KITTI 00 88.5 86.7 90.3
KITTI 02 51.6 39.5 63.9
KITTI 05 87.6 83.8 90.6
KITTI 08 36.4 28.5 53.6
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Table 2 Average running time of different algorithms

unit: ms
Algorithm Getting descriptor Matching Sum
Proposed 1.73 12.79 14.52
ISC 1.58 15. 09 16.67
SC 22.13 73.01 95. 14
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