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Collaborative Perception Based on Point Cloud Spatio-Temporal Feature

Compensation Network for Intelligent Connected Vehicles

Zhang Mingfang, Liu Ying, Ma Jian, He Ye & Wang Li
North China University of Technology, Beijing Key Lab of Urban Intelligent Traffic Control Technology , Beijing 100144

[Abstract] In order to overcome the influence of network latency on the cooperative perception accuracy
and simultaneously improve the point cloud feature expression capability, a cooperative perception method based on
point cloud spatio-temporal feature compensation network for intelligent connected vehicles is proposed. Firstly, the
point-to-pillar feature extraction method is used to process the raw point cloud data, and the local neighborhood fea-
tures of the laser points are then spliced with pillar feature maps. Secondly, the temporal latency compensation mod-
ule based on the PredRNN algorithm is designed to predict the point cloud features of historical frames received
from the surrounding connected vehicles, so as to achieve the synchronization of point cloud features from two vehi-
cles. Thirdly, the spatial feature fusion compensation module is utilized to aggregate the inter-vehicle point cloud
features, and multi-resolution features are fused through the bidirectional multi-scale feature pyramid network. The
output includes vehicle target geometry size, heading angle and other information. Finally, the test results on the
V2V4real dataset and the self-collected dataset demonstrate that the detection accuracy of the proposed method is
superior to classical cooperative perception algorithms. Furthermore, it exhibits good adaptability to various latency
cases and the inference process meets the real-time requirements.
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2.4.2  JCiEA{E AEIR S sent L S

AN G JE RS2 R LR, AL V2Vdreal
A IR AR X L O A Rl A S 5 AR ARk i B )
BINTERE 25 R AL 1R, & 1T, oU BN
0. 5% 0. 7B, £ P[] B3 A A6 10 S 240465 38 347 B

8 T IO RA (PR ) B, 2R WY aot o [+
AE S 4 T A ORI E AR . AR LT F-
Cooper ., V2VNet Fl CoBEVT H B il 5587k | B4 5507k
fE AP@IoU=0.5 I F+ T 1.7%~6.4%, 7 AP@IloU=
0.7 BARTFT 1. 8%~6. 7% , % 2 P 2 T 4 s — A AL
TEFE IR 25 BE A8 A R T ff B il = &S A RS
A AR e A TS B2 T 53 A 3 R R T AR A AR
I £ B8, 3D £ BRI 48 BEAT AR SR I, HR 2340 2k U L
BT A TR I R) A IR AR B b s 22 1 A R
EVE TR TSR (EAS SCE i Y A B (]
WAL Z F F—Cooper B35, A1 /& 4 40 P4 5% SE I
B3R . V2XVIT A 3 fil A 4803 5% FH Transformer [ 2%
BRI GARAERAAE R RG B 5 T S S B 40,
(ENAUSINE 2§ NREMINE RS

&1 FERMAEEEEREXTLL

. PN V2V4real | | EFilkveiizs S
AP@IoU=0. 5 AP@1oU=0.7 | AP@IoU=0.5 | AP@ loU=0.7

Tafn gy Teri A 0. 653 0. 484 0. 606 0. 402 23
Pointpillar''®’ I 0.736 0. 645 0.727 0. 620 25

Cooper'®’ Ui e 0.823 0.731 0.812 0.725 2263
F-Cooper' ! A 0. 846 0.773 0. 840 0. 741 34
V2Vnet!"?! LA 0. 842 0. 801 0. 845 0. 809 58
CoBEVT'? SRR lRIEES 0. 872 0. 822 0. 862 0. 804 61

V2XviT 4! LR lRIEES 0. 894 0. 837 0. 882 0. 834 102

EEERES A 0. 926 0. 868 0.879 0. 856 48

2.4.3 HiBfE RS0 AR

Sk i — 25 56 IF A A B3R 3 T TR B
fiE | 22 A AT 0 26 B R B[] 7, eF AR M B A R
S HE R A5 . 26 2 A [ SE R i JA]
st PR MEREXT L EE 2R . T LUE i F-Cooper Fll
CoBEVT v A6 RS J32 4 2 , it DR 7 1 3k R 430
IR 7% JEGE A7 1R AU 52 5 V2V Net , V2XViT 592
T3 59 R FH 53 B2 0 P A IR0 A ] 45 2 G 50 R e
RV 15 ZE 3R (W 52, A5 PR RE AN L T i P AP A1 5
AR SCRVEAE 3 FhER I (8] 37 5 T PR R R B LT AL
‘R, R TR RE NS A Rk i o p 38 15 SER
| RE R 50HI AN [R) 2 1) 0, A 45 SR o vl . Ry e
Sy M 15 4E 3R 3 5 T U 4 B0k 1 P TR SR 1 g
FIIH V2Vareal B4l 5 #0470, 25 R 401 10 i
K SV =SV, K B 32 ol 4240, SV.-SV,, R i 1k 4
5, SRS IEAE RN B bR 50 A L afERoR H
PRAG N FEHE . AT LA Y+ 3 Fh bl [a) AN B 78 R
[Fi) 4iE 31 ) 2% 1 T X B v b ARG T 50 11 400 5 B

A AT 3R B ] 35 K, V2V Net il V2XViT B3 X155 3
D) A TR 000 5% 25 2 A 348 K T T B 1 A
RERE R FEAE 0. 5 m YL N, JEL N A T P vk
FII ] Pred RNN 45 145 4R 5 2 012 3 A5 4 245 #4 s i
LSRRI 23 TSTM BT 27 21 B 25 1 51 450405 1Y)
A Eh A5 BRI C R | BB IE A BOAMEE 1
JUSIAS AN ERF S B = G LR o
2.4.4 ALK

kg 6 AE A5, — A AT 4 I 4R B IR0 245 A B ot iir A
P [ SR R B () 5% T, o) AR AE 2 U B 4 7 7
Al S B, fF % B e 4 5 B 4 O PointPillar™ |
Second ™" M 4% BEHL V2V 4real BUHGEE AT IEREITAL
SERANR 3PN . AN A EF A B A R 2 AR S
308 g g7, — A AR I X 4 467 S 4 4G I 2 43 i) 4
T 2. 4% F1 1. 4% SERERS 3 #3030 T AR
SCHl T 85 A G R RS B S Ak 4R 254
5 A AR TR RS R [ s AR P 7 5 SR R A
AT RURFAE B I A1 o B3 {5 4 L s ) A 2
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F2 AEEREEEZETE LRI
. V2V4real(AP@IoU=0. 5/0. 7) 1 % 4 (AP@IoU=0. 5/0. 7)

; 100 ms 200 ms 300 ms 100 ms 200 ms 300 ms
F-Cooper''! 0. 697/0. 413 0. 524/0. 346 0.305/0. 173 0. 587/0. 406 0. 484/0. 323 0.302/0. 143
CoBEVT!? 0. 725/0. 443 0. 538/0. 352 0. 446/0. 223 0. 622/0. 423 0. 509/0. 368 0. 422/0. 195

V2VNet 0. 765/0. 480 0. 563/0. 387 0. 484/0. 235 0. 675/0. 462 0. 533/0. 337 0. 475/0. 232

V2xvir+ 0. 776/0. 503 0. 601/0. 437 0. 491/0. 368 0. 671/0. 484 0. 584/0. 389 0. 483/0. 306

ARCE 0. 798/0. 541 0. 713/0. 524 0. 538/0. 426 0. 726/0. 528 0. 636/0. 432 0. 532/0. 372
T,=100 ms
T, =200 ms
T, =300 ms

—
(b) V2XViT
B0 AN R 94 IR s ] 25 14T % 50092 00 R S e s
TR SRy 2 B I S ) A2 3R M AR R X pip ]

JRNARE VA AR R BRI 52 M, X6 928 IR A MEASTHL R 4 31 il
SIS B iZ AR R K Transformer™ , ConvL.STM ',

I 5 TCHE IR AMEAE B 1T X E, PEH V2 Vareal 8

AT IR B, I3 Do 2% 4 SR 15 [1] T, 43 53114 100

FRIEHEHUMZ, | AP@IoU=0.5 | AP@IoU=0.7 | HEHRI[H]/ms

PointPillar''®! 0. 896 0. 853 45
Second ! 0.904 0. 865 52
- 0.926 0. 868 48

200 1300 ms I 4B e, 85 RN 4 s, H
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oA TR

2024 4F (45 46 )45 12 1)

F AT, JORE R MR TR, S S A 0 A
FIE 3R B B 38 R H 0B T R, A L T AER 100 ms,
FEIR 300 ms i AP@IoU=0. 5 fil AP@IoU=0. 7 735 f%
IR T 39% F123. 1%, 1fii Jill A PredRNN iE 3R p 245 e
Jo BT B G5 O BOKG BE oy i AR AR T 24. 9% F
10. 9% ; Transformer £5 51 A Ay 41 38 M2 A5E B i) 5595
FEAS RN RE IR S5 AT Ao e RS B2 25T v T T $ 531k
Jit K] /2 Transformer 2 F 1 {3 5 7 HLHI R $E 50 A DD
ST > AT o S RO O 2R L BB A% T A M M T

DR SR R AR M, (R B R S 4 i K H a2
HHAFIR , S ECIIE 2 5 ConvLSTM Ay ZE R 4=
HBE B B A AN () B 3R 25 T | G N - X5 6 2 L
Fr $2 BG4, 8%~10. 3%, iX & A A ConvLSTM [
KRt B b BUZ RIS Z B2 CICREF R,
SRR LRI AR, I, A SR H PredRNN
SEAE Ry W] [) A2 3R MR, WG B A A8/ DR ) 2%
FE IR 5| R YR DU 5% 22, fie W 2 D[R] A S B

F4 AEIRTEERFMEEIRE BT

N 100 ms 200 ms 300 ms § ‘
HE R MR PR ] /ms
AP@IoU=0.5 | AP@loU=0.7 | AP@IoU=0.5 | AP@loU=0.7 | AP@loU=0.5 | AP@IoU=0.7
X 0.707 0.423 0.535 0.348 0.317 0.192 36
Transformer'>'! 0. 804 0.563 0. 685 0.541 0. 549 0.431 215
ConvLSTM 0.732 0. 445 0.623 0. 484 0.493 0.329 58
A 0.798 0. 541 0.713 0.524 0.538 0. 426 48

ARG A5 (R REAE Fill 5 A5 HR 6T i £ B3 1 iy 2 e
XPIZAEHHEA T AL, W FLE 4 FuseBEVT > il
FPN R4 R4 SR i 5 s . ol LA AL
T 7 I ML Bl A R 4% FuseBEVT Fl 4 7 15 W 4%
FPN, fir $2 58325 0 ~F- X ARG RS B2 43 42 17 5. 2% il
3. 9% , i AR SCIE e 5 | A WL 22 B4 AiE il ) 245
REME A ROR G 240 PR s ARIEAS B, B0 T M 2%
XF 0525 SR B AR A 8 5 4 Ry 1 SCfF B A B A
HE T o

®5 FEESTEHEMEERMAR

Fib P 2% AP@IoU=0.5 | AP@IoU=0.7 | #EHLHF[E]/ms
FuseBEVT?Y 0.902 0.815 50
FPN 24 0. 883 0. 807 43
ARSI 0.926 0. 868 48
:l_-: N
3 2n 1/8

Pt — P T A 2 I 2 R A R 255 A R RE I
R A o R OBk o 1 e R T~ AR 4
W0 25 Xof s 2 B0t EAT AR AR AR B, AR5 dE i T
Pred RNN 532 4 isf ] R ik HiE 38 AMEASEH T 4= R
oK I ZFFAEAR A 5 i 56 T2 () AR AR Rl 1 b B A B
A AR S BER ) R SRR . SCIR AR R BT
AR~ PHE R AE SR BT 125 M s T ARRAIE il 45 M ASE B B
LI U 7 Gy ) SN B NI SR RS S
A ARSI A BE 5 IS [ HE 3R AR A A BE A% A

R fitpE {5 A T SR AR i 2
S 3Lk
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