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Constraint spoint cloud target recognition system based
on infrared boundary
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(1. Changchun Institute of Technology ,Changchun 130012, China ;2. Changchun China Optical Science and Technology
Museum , Changchun 130117, China;3. Changchun College of Electronic Technology ,Changchun 130061, China)

Abstract ; To improve the recognition accuracy and speed of point cloud targets,a target recognition system combining infra-
red image acquisition and laser scanning is designed,and a point cloud target extraction algorithm based on infrared bound-
ary constraints is proposed in this paper. Firstly ,edge enhancement and infrared features are used to grayscale the infrared
image. Secondly , the target infrared image area is utilized to provide boundary constraints for point cloud target extraction,
and the projection of 2D images to 3D point clouds is achieved by mapping scale functions ,achieving coordinate system a-
lignment. Finally, target recognition is realized using a set of point clouds which meets boundary constraints. The experi-
ments are tested for vehicle targets in complex contexts and the results are compared between the traditional algorithm and
the present algorithm. As the total amount of point clouds increases,the detection rate of traditional algorithm increases from
83.7 % t0 97.6 %. The algorithm in this paper increases from 96.2 % to 98.8 % ,and is less affected by the total amount
of point clouds. This algorithm is effective in rejecting pseudo-targets,so its accuracy is more stable. The detection time of
this algorithm is only 1/3 to 1/4 of the traditional algorithm,and this design has improved both target recognition accuracy
and detection time,and has better practicality.

Keywords : target recognition ;point cloud extraction;infrared characteristics ;boundary constraints
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Fig 1 Point cloud target recognition system based on infrared

boundary constraints
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Fig 2 Flowchart of point cloud target recognition algorithm based

on infrared boundary constraints
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Fig. 4 Original point cloud data and target recognition annotations

np 4 Ca) FroR RO H I 138 T LIRS 4%
A DI B Y 8 s R, DA 2 i 1 o A el LA
WA W P Tl 0 8 o B R AR R X e
DR oA A SO T 8 L 47 Y1 FT A LA AR R ) B A
1, AR T I SR o 8l o AR ERTT =, A
I F AR 8 2 O R IR R, SO SRR S S 05
TR 1 25 = AT SE RS T AR, SR )G 58
J F R B AR 2 DA R 1 A = T R TC AR
JIr LA i 2 B XS B i R 32 45
JEMEET B, WP 4(b) PR, SR HILLANA 524
A, A 3 (d) AR IXEGE R g () AL
FAESH M, , SRR LN EUG — e KA =
Btk v = 2 DI bR I A A T R A L, AT 4R
MRl EBGL Sttt BARPUAE R 4 (b) Ry 2L
HE DI AT RIAT, AT R 5 T 1 H AR U1 5 1
SRRSSPUHIMER L
4.3 RAERR G ERENRK

N T BRI S BN = HARd
W g Rk (R E R o HARFRIEAE B A 2 4
&R0 H AR E, LA VoxelNet 535 Jy 1)) 22 7] )
PR, RIS SR FHT A A 7532 6 [ — & A 2 s
A1 BRG], 552 B3R AT 5000 4510000 3
120000 f5,, FOGTE 8 AR R 15 LLAMEGOR SRR R
AR ZR i A1 23 2R T - 10° 0270 + 10°, 5
SEIAG A ERA RIS TR N 1 FR



1398 WMot 5 4 sh %554 4
x1 ERRAZRIX %
Tab. 1 Target point cloud identification relationship
B -10° 0° +10°
(WAL {ED) {5 ES RS {5k Rk A EX 78

o=/ % 83.5 93. 1 83.7 96.2 82.9 94.0

5000 WEH % 52.9 84. 6 53.5 90.2 52.8 83.4
Hor HH B ]/ ms 878 207 897 184 891 214

o2/ % 94.9 96.2 95.4 98.7 95.6 95.7

10000 e % 72.9 85.3 73.5 93.4 73.4 85.7
Hor HH FF ]/ ms 1298 484 1357 425 1318 510

2=/ % 96.7 96. 8 97.6 98.8 9. 1 95.9

20000 e % 78.4 87.5 78.2 93.6 77.4 86. 8
Hor HH HF ]/ ms 3472 928 3548 849 3451 921

FRAEZE 1 3 EH ot A6 Hh 6 | v ffy S5 ARG H ) [
PEAT T OT LA 2 = B et e s 5k
Rt R K, 83,7 % 3 % 97. 6 % (0°H) |, il
FE ISk 3 R v Al 1 X LR ) S A 1T D) 2% R
AR TS 0 2 B3 1 28 fb AN UK, (R 0 A 17
Ko FH0R /Mg N, I 98. 8 % [ % 96.8 %
6.1 % , 43 Hrik ik 2 i f 25 T BT AN BUG B
M R AR A | DT B AT T s Bk S X33 ) v
JE T R, E A 5 1A AT 5 4% G B ok
N AL HER R RAL TS A i
MR ITE 80 % LU L B AT 3K 93. 6 % | {558
BTN RIS F] 78.2 % o VLB SR 4L AN
LA R H AR X R E bR B S bR OR
B 1 bR O B PR A o580k rh AR H0 51y
H bR (HJE R AL ANl A o v rp % B X I
B4 g1, 25 2 DR R R AR G 20 40 2 o DX 3 e HE I, DT
PR T RGERR . BGREIRNR HAESZ S s
K AR MR B A, 7E 20000 g, SV E AT (R Y 7R
3400 ms D b, AR FRE T B8 o WEH
HEDKIER, B1/NF 950 ms, BA AP SERT R, 1
AR 2 B R AN R IR A A T I 2 s
Xof IO PG HE S 5 R 3, 5000 AR A 4. 1 5 R F]
MR A TR R, h TR S
i, 55 I 30 A DN S S 2 T R 4 A
HP%4 10000 f5 F1 20000 5 )28 243 5 AR
PET SR SB[ U A b2 P 2 B8
L1 = M= S 7 N i 155 4 E o O v
5 8 i

ARSCE XA R = B BT A O F AR RS P00 v

BRI 25 R S B 1 A TR R
fRH T HET LN A AR i F AR R 2R 58 S it
IT o R AR SRS B e XA
15 HARBYZLAM XA TR R, 7 20 65 H AR Y
LI W pR 8, T 24 3R 0 2 b T A I
I E G L, 38 2 50 B O H AR ARG = 4R BUR
WITHI . SCERAS R R TE B R ERR R K
Az IS 1) 5 00 T AL Rk, ik 1 AT AT AR
k.

S 30k

[1] Dlesk A,Vach K,Pavelka K. Photogrammetric co-process-
ing of thermal infrared images and RGB images[ J]. Sen-
sors,2022,22(4) :1655 - 1676.

[2] Pantoja-Rosero B G, Achanta R,Kozinski M, et al. Gener-
ating LOD3 building models from structure-from-motion
and semantic segmentation|[ J ]. Automation in Construc-
tion,2022,141.104430.

[3] Yang Fan,Zhou Hua,Wang Yan,et al. Laser radar image
recognition technology based on data mining[J]. Laser
Journal ,2016,37(7) :39 —42. (in Chinese)
L, JE A, 5. T RIE 2 4 B OE R I8 R R 5
iR [T]. WOtk ,2016,37(7) :39 - 42.

[4] Dubska M, Herout A, Jurdnek R, et al. Fully automatic
roadside camera calibration for traffic surveillance [ J].
IEEE Transactions on Intelligent Transportation Systems.
2014,16(3) :1162 - 1171.

[5] Sochor J, Spatihel J, Herout A. Boxcars: improving fine-
grained recognition of vehicles using 3D bounding boxes

in traffic surveillance [ J]. IEEE Transactions on Intelli-



ot 5 a s

No.12 2024

FRERSE  FETLANA R AR s B R S8

1899

(6]

(7]

(8]

(9]

[11]

gent Transportation Systems,2018,20(1) :97 - 108.
Kumar Das Asit, Jaya Sil. An efficient classifier design in-
tegrating rough set and set oriented database operations
[J]. Applied Soft Computing,2011,11(2) ;2279 —-2285.
Liu Z,Wu Z. SMOKE: Single-stage monocular 3D object
detection via keypoint estimation [ C ]//Proceedings of
the IEEE Computer Vision and Pattern Recognition
(CVPR) ,2020.4604 -4612.
Xue Peilin, Wu Yuan, Yin Guodong, et al. Real-time tar-
get recognition for urban autonomous vehicles based on
information fusion [ J ]. Journal of Mechanical Engineer-
ing,2020,56(12) :165 - 173. (in Chinese)
FEROMR, SR B, 45 LT B RS sk B
ZEisent BERRBILT]. BB AR E40,2020,56 (12)
165 - 173.
VORA S,LANG A H,HELOU B, et al. Pointpainting: Se-
quential fusion for 3D object detection[ C ]//Proceedings
of the IEEE Computer Vision and Pattern Recognition
(CVPR) ,2020:4604 —4612.
Liu Yu,Cai Ying, Rong Dingtao, et al. Calibration between
sparse LIDAR and visible/infrared imaging systems|[ J].
Infrared Technology, 2022, 44 (12) . 1264 — 1272. (in
Chinese)
PURTIE:S 352 SRz I T ik 1 SN I RIS AW ]
AR GE bR 2 IT L ] 20O R, 2022,44 (12)
1264 - 1272.
Quan Xuanyue, Wu Ran, Yang Xinfeng, et al. Fusion tar-

get recognition method of infrared and laser[ J]. Infrared

[12]

[13]

[14]

and Laser Engineering,2018,47(5) :158 - 165. (in Chi-
nese )

AL, S, BB L A L0 S OB RS H bR U
HELT]. a4 506 T2 ,2018,47(5) 158 - 165.
Zhan Yinze ,Zhang Lidong, Qing Ying. Vehicle target rec-
ognition algorithm based on the fusion of lidar and infrared
image[ J]. Laser & Infrared,2021,51(9) ;1238 — 1242.
(in Chinese)

EBEEE , ROLAR , B SR T O E B S LN R
B E AR U (] ot 5 4041,2021,51(9)
1238 - 1242.

Xia Yan. Research on 3D target recognition algorithm
based on infrared features[ J . Infrared Technology,2022,
44(11) :1161 = 1166. (in Chinese)

HHR LT LLAMRAER) =48 HAR UM SR e (] 4L
AMEAR,2022,44(11) ;1161 —1166.

Zhang Yuanhui,Xu Bairui, Zhu Junjiang, et al. 3D Tem-
perature model reconstruction based on fusion of visible
and thermal images[ J]. Acta Metrologica Sinica,2022,43
(2):256 —263. (in Chinese)

SRICHE , IRAT L, R, 55 W] WO 5 R El G 1 =
i B R R A [ )] 9 B AR AR, 2022, 43 (2)
256 -263.

Yang Yanlong, Xu Chao. Fusion reconstruction method for
3D temperature fields on the human body surface[ J]. In-
frared Technology,2022,44(1) :33 —40. (in Chinese)
VR e it — B N IR 3 = 4k i B 3 Y Bl T
JrE[I]. LAMER ,2022,44(1) 233 - 40.



