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Abstract: To address the issue of declining local evidence quality in Internet of Vehicles collaborative
perception, which affects the stability and usability of collaborative fusion results, the fusion process is
modeled as local perception evidence reliability estimation, and a spatiotemporal consistency-based robust
fusion method(STC-RF) is proposed for collaborative perception. First, low-dimensional semantic
evidence is constructed using a target existence heatmap. Subsequently, by comprehensively considering

cross-vehicle spatial consistency, historical occupancy continuity, and negative evidence conflict, Bird’s-
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Eye View(BEV ) grid-level local evidence reliability is generated and injected as a bias into the intermediate

fusion of attention to continuously adjust the fusion contributions of different collaborators at various spatial

positions. Furthermore, a conservative historical occupancy update is adopted to ensure that the historical

time reference continuously participates in the fusion process, reducing the impact of local evidence

fluctuations on the temporal continuity of the collaborative results. Experimental results demonstrate that

under the condition of background evidence degradation, the proposed method improves AP@0. 7 from
82.09% to 86.20% , reduces SSR from 8.21% to 5.53%, and decreases CENR from 0.90% to 0.72%,

indicating that the method enhances the fusion stability under non-ideal collaborative perception conditions.

Key words: internet of vehicles; collaborative perception; perception evidence degradation; spatiotemporal

consistency; robust fusion
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AP A [] T TE A o D[R] 3 5T
{14 G 0 14 B L DA 8 I s AT e 3R ) X P ) U
PE R 1Y 52

H & 1A UL, STC-RF 7E 0L 37 5 T K i il 14
FEMt 2k . STC-RF A H Baseline ( Attentive Fusion)
) AP@O. SﬂIAP@O 7Y TE;SSR 5 CFNR
PR R K U T AT AR 9 R AN 2 2k o B A
HEE .

R1 EHDRBRMGRT AR EG N R
Tab.1 Detection performance of different methods in

standard collaborative perception scenes

AP@O0. 3/ AP@0.5/ AP@0.7/ SSR/ CFNR/

ik
% % % % %
Baseline  93.04 92.69 87.80 5.03 0.57
STC-RF  94.74 94.17 88.11 3.89 0.32

6.2 ARBMIEBERUEXTHEEN

FEBAEE R b 5 AR e 58
AR A (Zero) (T 5t fk (Background ) Fl i i
I 7Y (Fade) 3 il Ak 85 2R A9 A6 DU 1 B8 5 e A6
FEhR o

&2 W, T SEdE R E T, i
Baseline AJ & 35 st A0 A1 w1 TE 45 23 1) 55 3 52 H
PRl & ik . STC-RF A &4 F4#&E T
AP@O. 5 AP@0. 7, 3K T SSR.CFNR,

®2 FRBMIERELER THEHEMELR(L=0.25)

Tab.2 Robustness comparison of different methods under different perception evidence degradation modes ({=0. 25)

J7 ik B AP@0.3/%  AP@0.5/%  AP@0.7/%  SSR/%  CFNR/%
Baseline T4 B R A (Zero) 88. 85 88. 37 82.53 7.56 1.34
Baseline 51k (Background) 87.92 87.55 82.09 8.21 0.90
Baseline it 2 R (Fade) 88.08 87.71 82.46 8.03 0.87
STC-RF SE Az AR B (Zero) 92. 82 92.29 86.16 5.01 0.67
STC-RF 51k (Background ) 92.73 92.18 86. 20 5.53 0.72
STC-RF Wi P £ 0 B (Fade) 92. 54 92.01 85. 89 5.23 0. 50

— %t He 3 R AL AR X L 5 4 Bl 2k AR Ak
@E$Tthkunrjfn%1é95,STL-RFWHM%SSR
P AE 5. 01% 5 15 S4B AL B bR X 08 e o 15

oA, STC-RF B9 AP@O. 74 86. 20% ; i #F
VIR A R B8 E8 4 B AR IEYE , STC-RF 19 CEFNR
3R AP AR AR 0. 5090, X BEEE IR KA ARy
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15 BE NS G2 it Jey PR UE I i 2, Jm 7 T R PR AG T AE A% D8 bR o STC-RF 7E O 45 50 w46 DU kS 2 19

RS 11 5 55 Ak -5 40 g 107 E 4 X B 45 S 1 1 55 [F] Fs BTG T SSR A S il X 3l e G %6, 13 B AR Oy ik
T EHR T S A RN a2 e e IR B R A R FE AT 5 B i 3R Ak TIE 4l X il 445 S 0 £ T R
100 25
s 2282 2002905 1931
90 20 175
. 85.23 85.01 15.0
2 8 82.09 <15 5125
S 80 & !
® 76.07 £10.0
= 75 o 210 8.63 8.59 g0 5,
70 S 554 553 .
1.97
65 25 L82 090 064 072
60 & & & L N 0 & O & ¢ X S & & S ¢ \
& S g 3 & & &8 R
& o F o &‘& < T e S S
RO AN S < O7 YT ¢S A R MRS A AR
¥ & € ¥ €
(a) 1 5LTiR1L, AP@O.7 (b) #HLIRML, SSR (c) HifbiRfk, CFNR
(a) Background degradation, AP@0.7 (b) Background degradation, SSR (c) Background degradation, CFNR
100 25
95 20.0
20 17.5
:2 85.89 15.0
= o
2 82.46 < 15 g 125
3 8071 7650 7660 % Z 100
S 75 101 823 8.20 8.03 .5
70 ; 523 50
65 251 145 1.56 0.87 050
. 1 3 0 £ 0= ¢
& I &QgS o 4;46 & s o ﬂf\‘ 5 &
?® Ry < S < Ry F <8 ?® Ry *F <
(d) #iit iRk, AP@0.7 (e) Witk wE iRk, SSR (f) Wik iRk, CFNR
(d) Fade degradation, AP@0.7 (e) Fade degradation, SSR (f) Fade degradation, CFNR

BT AN [l E R AR 45 07 vk 5 F X e

Fig.1 Robustness comparison of different methods under different evidence-degradation modes

Bl 245 T SOEHRAC T ARk ks SCE S — B R A AP SR AR R T TR E 5
R-f gL, SELIIEMI, STC-RFAER  prHEF m ik ket
A4 1] DX TE) Y PR A B R B R R IIATTIE AL 6.3 BASRIETL X154

1B AR U TE A 23 A T 36 A SC 7 9 X

1 PR AE 5 3 B AR o AR SR T 20 6 O
0.8 A (Fade ) 1B Ak 37 AR Ry 0 18 0 5T 5 B o
M % 3 7] Il , STC-RF # [t Baseline & 7+ T
o 0.6
r AP@O. 5 Fl AP@O. 7, 3 BE % T SSR Al CFNR,
= 04
#3 M FREIERER W (Fade) TR M L3
= Baseline (AP@0.7=82.09%) Tab.3 Performance comparison of different methods under
— HST-RF (AP@0.7=85.01%)
HST-RFe it gradual evidence attenuation degradation (Fade)
0 0.2 0.4 0.6 0.8 1.0
PEIEES . AP@O0. 3/ AP@0.5/ AP@0.7/ SSR/ CFNR/
Ty % % % %
K2 H s bR R AL 1 P-R i & X)L 0 0 0 0 0

Baseline  88.08 87.71 82.46 8.03 0.87
STC-RF  92.54 92.01 85.89  5.23 0.50

Fig.2 Precision-recall curves of different methods under

background-replacement evidence degradation
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22 WY Jeg 0 IE 4l WY 5E 1 R AR B 6% A AKCA LG e )i
RS XoF il G 485 2R 1 52 )
6.4 AREHBBHUTEETHMERETK

R 43 B 5 6 AN TR AR Ak ™ TR RE A 3 N g
BE AR B H AR RS OR B R 8 N EROR IR H

T R e S R = A Y e E

H 3R 40 W, BE % H bRk 4 4 /8 R 50k,
STC-RF iy AP # $2 7+, SSR Ml CEFNR & 4 T
B o X UL STC-RF XF AS [A]HIE 4 18 1k 7™ & B 2
LA AR 1Y IE VL BE ) -

x4 FEBHREHERERBTHMEELLE (Fade)

Tab.4 Performance comparison of different methods under different target-evidence retention coefficients (Fade)

¢ ViR AP@0.3/% AP@O0. 5/ % AP@0.7/% SSR/% CFNR/%

0 Baseline 87. 80 87. 40 81.77 8.29 1.01

0 STC-RF 92.25 91.75 85. 39 5.38 0.56
0.25 STC-RF 92. 54 92.01 85. 89 5.23 0.50
0.50 STC-RF 93. 44 92.94 86. 77 4.71 0.38
0.75 STC-RF 94.15 93.59 87.51 4.26 0.33

F 3R T Hbr k4 A8 B &R B A fb
STC-RF By PERE#aF . Bl C3 K, H br X 38 45
TEPR A 3 22, AP $8 458 A $2 F, SSR A1 CFNR %%

PRTR B, U BA O vk ek AN [ 3B Al ™ R LA R E /Y
STUN VA I BN N iR VAR 1 7. S L N 3 Bk
7 Bl i v Y 3 SR I TR AZ 4K

-~ Baseline

-e- Baseline i
26 -+ Pure attn 10 -+ Pure z:ttn 3.0 : }]?Srs: 2{1;1
94 -+~ V2X-ViT 987 - V2X-ViT 25 -+ V2X-ViT
-# HST-RF 3 -# HST-RF . -= HST-RF
92 8 2.0
R °
= 90 s § 7 h ; 2.0 1.6 1.4 1.4
S8 86.8 i I 5 & 13 14 T
T g6 1854 80 5 : 1.’1\‘\‘\;
i 43 0.9
85.9 -o- Baseline i 0
84 41 -+ Pure attn 05106 oS : 0.6
81.8 83.8 - V2X-ViT . 0.4 03
82 82.5 3{ -=HST-RF 0
0 0.25 0.50 0.75 0 0.25 0.50 0.75 0 0.25 0.50 0.75
EEANNR/HVSHES 4 SRR/ HVSHES 4 SRR/ HISHES 4
(a) (b) (¢)
K13 AN[F HFRIES R B R A STC-RF BPEREAR b a3, (a) AP@O. 7 B H AR IEHE 17 B R B 24k ta# 5 (b) SSREEH

FRUEHE (7 B R AR (b 35 (o) CENRBH H AR UESR (4 8 R A 28 1 3.

Fig.3 Performance trends of STC-RF under different target-evidence retention coefficients. (a) AP@O0. 7 versus target-

evidence retention coefficient; (b) SSR versus target-evidence retention coefficient; (¢) CFNR versus target-evidence

retention coefficient.

H R SE I
o M A T AR TR, AR SCAE T ARSI R

6.5

x5

AN S AR T T N o
5 Baseline #H L, BT STC-RF 28 (&) AP@O. 7

& SLIEHEIR /L THI STC-RF ¥ Bt 338 45 R (£=0. 25)

Tab.5 Ablation results of STC-RF under background-replacement evidence degradation ({=0. 25)

J5 i e E%%'#FH RIEES AP@O0.3/% AP@O0.5/% AP@0.7/% SSR/%  CFNR/%
—H il 5
Baseline X X X 87.92 87.55 82.09 8.21 0.90
STC-RF w/o Memory ~ ~/ X Vo 92.6440.40 92.2040.40 86.02=0.38 7.96+£0.30 1.58=40.07
STC-RF w/o Era N NG X 92.0240.38 91.64-0.39 86.5240.45 8.6640.27 1.6220.08
STC-RF w/o Spatial X NG Vo 92.5340.36 92.05+0.35 86.2140.33 8.31+£0.23 1.7740.11
STC-RF N N/ Vo 92.7340.36 92.1840.37 86.20+0.52 5.53+0.29 0.7240.08
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P15 S 1) B 22— 350 A X A RS R A A K
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Fig.4 Objectness heatmaps of collaborators
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Fig. 5 Historical occupancy memory and heatmap difference
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Local reliability map of collaborator

Fig. 6
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Fig. 7 Reliability-modulated attention weights versus raw attention weights
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