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WPk, DATA TEp- G5 LSS & 1y T &
f)ﬁlﬁﬂ?ﬁjﬁlﬁ’ﬂ?ﬁﬁ ?’f V2XSIM J:, I_E:’—(f Olocal = 0.6 m
ijjiu 66.53 % AP 70 sz Ohead — 1.0° ijjilj 75.23 %
AP 70 ﬁ*¥¥£ V2XSET J:, ET:E Olocal = 0.6 m ijj
2 67.22 % AP 79 , TE Oheaqd = 1.0° 353 71.17 % AP
70 o IXFPEREER B T WA EAMY T . HoE, AL
PEG RO 55 M — B UL 2 ST R AR R AIE, A
2R M P U A LA (Rl J 2 i -
73 BRIV SCAN AR Y S B 46 rRARRAE G 5, st 7R R R
IRIIEER SRR, R E SRS R TS AG I
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(a) V2XSim Localization

(b) V2XSim Heading

0.2 0.3 0.4 0.5 0.6
Localization Error Std (m)

(c) V2XSet Localization

0.2 0.4 0.6 0.8 1.0
Heading Error Std (°)
(d) V2XSet Heading

0.2 0.4 0.6 0.8 1.0
Heading Error Std (°)

7702 0.3 0.4 0.5 0.6
Localization Error Std (m)

—o— DATA MRCNet  =#=- FFNet —&— where2comm

Figure 5. A LA BIE MM AR HAR,
4.4. WRIFTT

W FAFHER AR RS . o TR AR
DTk, TERA BRI LT, 7E DAIR-V2X-C KHE4E
AT T . WEE 1 PR, SREEAMLEL, 5IA
IFAM 47k T B W ERESE T, BIHE AP 7o L2THT
3.70 % , AT B U SN RF AR W5 0 58 1 25 44 52 3%
P, RSB T RS B AR E AL, W OD HE—2 4%
kil HEREFE T T 1.96 % AP 50 1 0.62 % AP 7o , K
B FRRAEXT 57 9 T AR B AR R A 24 08 10 5E 7 i
DA, MARAS b T Bt RRAE 22 S ). £E i PHD
TE AP 50 1 AP 7o 435372k T 0.96 % #1 1.25 % 1)
Tt XK, PRSI 23 8] D s = 2 (R
A B8 A ) 3 S a4, R B EBURT A B 3 R AR A AE
FKEEL,
K830 X e B S i S8 . PHD Bk SYE1E AT R 37 5
SERE) B [ IS} P A ] 243 R OO j B . 36 3 145
LW, 50 m BESCHL T EAETERE (79.94 % AP 5 ),
3R T 9 B R A AR BE 2 IR R . B/NT
BE (10 m,30 m ) XEBEMIARRE R AL, TR KA
BE (70 m,90 m ) WJRES| AT ZH R RAEE, MIMBEIR
IR FEAE R o
VRS X 55T ARSI . A T RS B 1 R/ INKT R X 5
PERERIRZ M, SCIRTERA 300 ZFiE 5 LR DAIR-
V2X-C il 4E FybdT, BT — W Be Ay B 7,
%2 WoR, MTHERE DR, WY BRI T —
M B Hrh i B AR 55 10 KN R 16 IR F i
FEVERE (77.81 % AP 50 ), 438 B A Hb Pl A —
MrB: s 0.67 % F1 1.01 % o 4BEhs @6 1A/
F, PERE NI, X R AR HT 11 R/INE iz s 4
AlETR SCfs BAR R Z TR SE P T B A A, 4 )2 i
AN RN, Hean 4 B, R TE/INGE DGR sl i )
RIS, PIFE TR IG PR . PR BB s
SEMERE TR (0 K/INh 4 mERBN 76.64 % AP
50 ), FHECTHBYEBOYE (76.54 % AP 50 ), X2HT
TOUI By B R A B A A AN o X S e IR ST B B
VR 57 0] DAE A 3 2 B 7 4 DN S, AR R S
RS P S I ] — Sk

TEASCH, ARG T —F S AESE DATA, 1%
HE ZEAR T AR AIE 2% PIMVE TR H g 5L ity 5T AR s ) 5 7

—o— V2X-ViT

Config AP 59 AP 7o Config AP 59

Baseline  76.80 59.91 + P. 4+ O.
+ P. 77.54 70T 62.16 T2 + P. + 1.
+ 0. 7852 1726258 267 L O + L

Table 1. %f DAIR-V2X-C L) CDAM #il IFAM #E47 41
TMEFSE. P.: PHD, O.: OD, L: IFAM,

Model Type (AP 50 % )

78.96 1216 62,68 T277
78.30 T1°0 63.65 T34
78.98 T21%64.23 102
+ 1 77.02 79226361 7370 4+ P. 4+ O. + 1.79.94 7314 65.48 7557

w/o  Window Size | (AP 50 % )

PTAM 1 32 16 8

First-Stage (Collab.)

Table 2. FEAFE NA/NT, PIFALISEAAE 300 ZFMER

UEM. “wm.” FIR e,

71.65 76.23 76.68 76.80 76.62 76.54
Two-Stage (Ego & Collab.) 71.65 77.14 77.62 77.81 77.59 76.64

Distance Threshold d;, 10m 30m 50m 70m 90m

Metric (AP 50 % ) 79.33  79.44 79.94 79.18 78.69

Table 3. i X & BUEATHERE (den ).

V. FATIF & THHEX 7 R G R, DAE
FRAE AR B s X 55« BB ) CDAM 3 1o % i Ja
PR 1 2 SRR AT SO0 2 5 | 5 833l % 75 A i AR A
PEECP AT 22 0E 1 PTAM 38 i3 Siihs shie AL i
PR A% g 1 B2 P g I ) — Bk . A R4 55 A ARRAE 2
fill |, TFAM gE—b 388 HiE ke /1, DA KLl
AR, KR 6T B BRI DUEE 45 A S50 e
T DATA AR, fE&FPE &M FikE T SOTA
PEBE, BRAE T FRATLE BB AT H AR AE X 5 RS R S
FIER SN, % ARS8 T EE R KR
H4 (Grant 62271142 F1 U2341206) [ 4%, 245
F TR U35 IRERTA (Grant 4204002501) #)57
B, PARILHE B A& ITR] (Grant BE2023021 Fl
BE2023011-2) #y 37 $%.
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DATA: BRIt 55 PA S

1 O PR B vl B JRFAIE R

Supplementary Material

L BB RN B
L1 SZ AT LR 0 525 5 0

LN PEZTHCFES (OD) SRR R B R IX
oy HBANPMEATR . 5 e b =B R 4L 55— )2
A 256 MMlIE, BN 1 x 1, )RR ReLlU #i
RIG—ZA— M HHEE, RN 1 x 1, Gl e
kbR 25 -

1.2, {2 E Rn ) 2 R EREAL

2 ROBERAE AL PRASTHORE AN [ 25 8] 73 B3 1 RRAE 45 h
TR SHAE (BEV) %K.

BB B 0 6 rp 4R = A RO R ARFAL, 7351
%%/jﬁj@ —Flarge € R64XHXW N Fmiddle S R128X7X% %ﬂ
Fyn € RS R4l BEV RHER(E— >
ARG,

B RIEFRZ L — IR G FR R, DAGE—ZSRIAE
YR, XA ERIEN AR A

Ularge - 61(Earge)7 (15)
Umiddie = ©2(Fmidde), (16)
Usmanl = O3(Fimall), (17)

Hr 01 . Oz Hl O3 70U IE R 1. 2 71 4 H e
2 . A B EH— M EETUZ . e —
LA ReLU JE M, RERFAESR B — DG — i =5 1]
PER H x W OREEIBZERE 128,

AN BEV 3R Y 4 2 X 4t |OR A
##ﬁﬂ[ﬁbjﬁ, /Aiﬁﬂ‘j HBEV = [Ularg87 Umiddlea Usmall] ° /_:E
J5 BEV $REE Hppy € RI®©HXW s 877 frg R
EREE, R —Bun =S m4e . %IrEN T
BEV R AT HERY 3D HARG I 2 R E, Bk
BT ok R RUBE AL 1) 10RL B8 4155 AR /N RUBEFRAE
10072 S

L3 SR APPSR R

BATVAT THEVH B 2 0] S X MR, A it
BHERITEMITAERE., HEAE C A EEHR
S H x WOEHEE, X adorik, RAMEHE D
TN x 1, HRhTEidbite,  weA% H f1 W [H
IR fEMG, f, FORTMEFER], fgu FREE
EAFAE A .

X FEAFHE R &R E, HERAW TR B
Hil, BRITHERATE 3C +2) x Hx W KFik,
(3C —1) x Hx W WINYE, 2x Hx W RIFFzEHM
Hx W KR, S8R ARHITRREARE N O(Cx Hx W)

RV T TR RN B 14 RN

SR (W, WHRTE AR (11) ) N AARHES>
DX, 7R LH /U > [W /L] AN S8 Rhokng (W, 3
WEHRE (12) o) RAWFE X (X W B mEe
RU/2 ), HTAERRAE R TS . TS 25 MR A i 5t
FIATIRF, B4 [((H = 0/1 < [((W =10)/1] A~
o FEIRATSEBL X T 4ERE (H = 256, W =
128,01 =16 ), FMTH [W1| =16 x 8 = 128 AN DA
|W2| =15 x7=105 PHE MO,

XA R RN 1, PR SERTRE C xIx
WRFER (C — 1) x I x LRI, b BT HRE T
2x Cx1x1RFHE. 2x (C—1)x1x1 WM
2x Ix U WPHR THERGHPETE [ x | RERE
AL x L RFeE, 1 MSE $ R T HETRE 1 x L IRIBEE
I x 1 RTe:.

TEXPIRN T ORI T, BT
H -1 W —1

1 ]

S L) |
[(BC +2) x I x1].

o XFFHATHY L ZULESE XKL 2 1.8 (3C+2) x HX W
, B TUHHERES OC x Hx W) o ZEHRHL L
FFTRIE.

L3.1. BHRAT IR

KU 11 SR 14 73 SR 7 YAAE I AR AR X 5% e it 1 LA
BERMS, WHPoR:

B, AT RO R e sh AR It T B 58
W22 M5, (R B AS B i 3t DX 7 o] — 37 St A A
BN TR . YRR T A AR A ik
58, XEEZ a T X Rl R AL AT A

FO, BT TR IR RIS SRR )
FEVHR AR, AR T R SRR A5 (] Y
HHREKEAEN . ZE—DNREBT mxn MEER,
Herm,n <l R RARUPETT R, AR R A
AT E AR LA RESRIRAF S (m x n)/(H x W)
e, SR, FERET 8 AT, MEWESTEHSE
WY RIEIR Z WIS A B DT, TR RAE
FARMWEF A TTERE S, IKF] (mox n)/(Ix 1) « HE 1
KN UNTRAESERE H A1 W, XA STRkcR: 5 2
F o HISLICER XG5 N NGk 1 22 W R 115 50
REUEEE, OV ENTE R (54 H S/ 23 8] DX

S =, MR UK SRS AR T 4T 23 ) A
ST DR/ L RIAS R 12, ALK/ | x
AR RAFAE 2 —A 1 D P s e S FEHH, g H
TEARFAE P B (5 EEANAAT o 2R P 11 A5 R A 2
BIZAE R, AT R o > X Gz sl R LI BT Y
W

SV, BT R T IR TS AT S R
PATIIPRAR . L PATT 11 B A PR I, AR

(18)
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(eI o Vi o TR e < A P 1A = S i
P SRR B S R T IR ANFRATT Y SR a4
RPN, P51 I T X 5 S A A
BE, FFRLEXTT B3 B BRI AT AT 42

L4, SRR 207 s

StructConv #A/ER A AR L1111 3 x 3 B, X5
AL [ B 50 B S AR P A G5 AN Y . AR B RL AT X
FERD LA, [FRHE S S AR ERCE. i
TR AR LE L TSR .

FREPR B OB AU T B A0S A bR
TIASURI AR SRR AR 7R o K 2 445 ) 48 3 A )
fith, [FIEMRER T EA G R

HL- R L EES AR . B A R G O AL 1B
WA BT A T BB AL P ORI ok 35 SRy L B R AE
SR R AIE 32 S Ak 1) 5 38 AoV T 45 X SR AR B

PN ZBR . X R B RUE E B BUAZ A 225 i
BIEAE. RGN E . AN A AL E B
B, ARG o X R AR A R A T
gﬁﬁﬁ@%%,%%%ﬁ$%%m¢ﬁﬂ%m¥ﬂ

THNLER . ZERGEE — 2RO TK %%
TR SR E R e e ELRRAE , AR A R TR T2 IERLE,
HEATRE, TR TN WA TR A A S fE . X
HEZ A a5 1 37 5 b i 3 B SRR I

XA AR . B RUE I — R A HES
AR AR R AR B U . S B R T U A 1 e A
B BHE A, E R, XS A EAE X
5 P P A R B B

RIX BB A R IG5 T g5 gy, (e AR
S5 A IRB I SRRE, 33X 7T RE £ X RS 7= A A
Wi, AT fRYEXA )8, B8 5 AR S S — Al &
() ol -1 IR R, i FE A e PR M AR B S5 1
GO =0 it ) R 1 L oa | e el D R S N2 L e
A Fp [ AT B4 A8 T A B SCR e, PARRARAL AR §E
SER ARG

LB AT RCE A A B AR, R
BAE AR RSB, ATTFEAS B B oph g AR AR 7 4H
I DL AL 4 T Y S5 R 1

LS. wis Al el

1t CDAM #I IFAM i B RTRAG TS @(-) il
N ARG, TR I R 2t
— 3 x 3B, BRI AEELERLEA, RS
ARt EIH—LR ReLU 3I5)2 , #5207 sigmoid
WEE 1 1 B RRA A sl e A

X, () RS AR Bk KBRS, xR 0T
SRS 4 5 i S5 A A8 A s ) 7 B A AR SR £
o BEAT 2K R BGIR RAE 5 T8 RSN R R Z A
RAAPATIS, TEAR TR b P DA

ﬁﬁﬁﬁﬁﬁ IJ_:I‘)%TJE% ‘Cforeg'round m‘[)j\%ﬁ%‘:{fﬁy‘j
S
Eforeground = Zws : Efocal(Msa Mggt)y (19)
s=1
, Hof S ORFHER R AR E SR, M FORiE s
Qb SRV AR IO A ETSE, T M R I FHEIRA:
H PRSI ) B S RS A
T ws &

ME ey (1= ME)
max (Zle Msgt, 1)

’ ;H\:EP Wpos = 2 %EﬁZIKEQ*Xia Wneg = 1 %ﬁﬁézlx
AR . 43 B IEREAS () S R XA AT I — 1K,
FoMEN 1 VAR IEBRPAZE .

A AR RIR Lrocar , WTNFTIR

Lyocal(p,y) =— (y-0.25- (1 —p)* - log(p)
+(1—y)-(1—a)-p*-log(l—p)).
(21)

Vb B 45 S i S Al T S VR e 0 i 1 o
B, (] F A TR 37 S v i R S DX ) [ A S
A 17 R
2. VEANM B 2215 RS2 05 e v
2.1, PR AN B
TE = AP BN B 45 B HEAT T 5586 DAIR-V2X-C
[? ] . V2XSET [? ] 1 V2XSIM [? ] . (i) DAIR-
V2X-C LT 4-Aub w7 £ds, 2 DAIR-V2X
1 —ATF4, 134 39,000 Wi, WI 2 ] PFHEY
B, —AMUE 9,311 Wikt Al T4 VIC-Sync DA
5:2:3 (K ELEIHFR A RS /B0 0E /Tt 4E . FRATR A #h 7
PR (7], AR E N « € [—102.4m,102.4m] Fl
y € [-51.2m,51.2m] . (i) V2XSIM J&f SUMO [? ] il
CARLA [?7 ] J:[FIRL A t RSN B 4 . B4R
10,000 W1 501K FRyERELL , LA 8,000/1,000/1,000
() L B2 RN G /360 / R A o SRS B o €
[—32m,32m] Ml y € [—32m,32m] . (iii) V2XSet Hy
OpenCDA [? | #l CARLA JL[E#H, 2 HAE%
M EE AR VX B4R R BR AR A A 11,447 i, IF-DA
6,694/1,920/2,833 {1 L BT A il 25 / 56 00E /I3 4 o J%
HIFEFERE R = € [-140m, 140m] Fl y € [—40m, 40m]

(20

Ws

2.2, =Bl gr5 10 2k R AL

DATA HEZLR A — MU =y Belll 2R 56w, B A~ Fr
B A L T IR BB, DAE IR PR R 2 T T
e — B, FoTid i 6 A ] 25 ot 3 [ 00 1 4
. CDAM., IFAM RGNk o 2T BLr A A5 s AL
eSSy
Estagel = »Cdet + )\fore ' ﬁforeground + )\domain ' »Cdomain
(22)
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, Y Laer A2 B =ANZHBGER A LR RS IR 2%,
Ldet = l:cls + )\reg ' £reg + /\dir . Ldiry (23)

, Lais 78 432517 Sigmoid Focal Loss, Lreg 7278
T RIHB A € Loss, Law s AT J7 [ 000 Y
BAL Softmax 432K o ML TR E R Areg = 2.0
N )\dir =02, )\fore =04 ﬂ] )\domain =10,

S BB ET N AR I PTAM,  [F] R
GBI I S5 PR R B S

Estach = Edct + )\tcmporal : »thmporalv (24)

, HHRIR Laee RIS — T BAHRITE M2
;E&a ﬁﬁ £temp0ra1 7EEI 3.3.3 %ﬂ{%%ﬁﬁggﬁg*ﬂgﬁ
DHTJ‘I‘ETJX‘_J‘%:J:E%O Eﬁ%? &ﬂ‘]iﬁﬁ /\temporal =1.0 5{%
SRS I R S [R] X6 55 H AR 5200 o

221 rBE 3 RGEM %

e A Wi BE A A8 ) S5 20 AR N A2 i e 4 R O T 28
RS HILABr BT A S8 BR BB & 1R
Hir 5 EERER,
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30 FEHFEE 10 x , BB 40 B, 5 TR B
HRR B e 24> % 0.001 YIIZk 10 2. NI e
AR KINR 20 XATES IR
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BB B ERE S, FEE 6, 8 DATA fEix st
PEEGEIR SN R RAF R WIINERE, T FFNet
A 53000 &85 R S 7R A X A ™ B AE R A5 1T HE R A ME R T
BUIRE A BR. IEAh, PTAM B3 Ehss 5 w7 i
PTAM WGP BE 2232 71, UERH PTAM £ 3R it
R SRR AR . B’ T SRR T
T XALEGE SN DATA F FFNet [1PERE, X SR
RURENS W] I AN R Dk iz sk 3. IR 7 AR
FE DAMEER], | T TR G R AR R FF ] PASE—
AT, XX H 302 3 R e SERAT AL T E R
ik . 1ESCH PTAM 2 )5, DATA 3brexa (&
HHKCPRIEE B 1)) SEBL T (iR M, e T AR 4
JEiB B EALRE 1. FEXFPE LR, FFNet REGSAG &0#H
R EH Oy M AT, (BAEACE LR A ME T TR B
£, RO H 4 ey B O T 8 5 200 SRR B AR
TEAEBIRE o
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W (PMER ). BIZEE % PAEATZ B A X 53X
FER L E T B T =N AS TR A S8 X3 4 S
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HORBPRAR, RIHRECIE AN AR R DA S AR (i 14 SRR
DATA. FFNet il Where2comm #BAE H Z=ATME T m
2 RIS I DI B A 3 s o SR 177, FFNet Al
Where2comm 7£ H F s MMER IS = & 5 S0 XK=
A A, T DATA WILREE T ke MEfE . X 3REH
DATA 3 1b %5 Ji — Z0p: A a] S0 1 — 50 ) 453 6 5%
AR >] T SR AR, FEAAAE B 5 U 22 BE 1Y
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AT, TR LA B L BRI N A A TR
DATA i it 2 > { T AN AR SR AE A S 36, A5 %ot
FETH 7 MR T R ) R B R s kR, RN
JEFE R ESEE T eROKR I MERE . B 9 [RIREERER TR
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_DATA w/ PTAM
TR

DATA w/o PTAM
SN

Figure 6. fER[FAER b il LA A B 5 (
DATA JE7 1 Ho A e i 2 0 A 1
RRLE, AT DATLEE] 2

i L b ) . RN | A5 b e A A B B . 1) 3 P
AP EAGR TR M) THE . R PTAM St st

DATA w/o PTAM DATA w/ PTAM FFNet

sWo0¢

SWwo0s

Figure 7. {ER LR 4 RO (35 2 3 Sk L )0 REHIES TSl A e, Dbl B A ) X
SRR . GURIER T DATA B4 EWIRFRA AT ES), T T HAERb b B B E 2 B A T 4ERE )
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DATA FFNet Where2comm

Fiure 8. DAIR-V2X 'R lﬁ?‘i%é’ﬂﬁ?‘)ﬁﬂco DAIR-V2X E‘J$—%ﬁ$iﬁﬁﬁwﬁ@§%ﬂ%%w%7 RUETFAERIR 25, {5 DATA ¥
PREE TR DA R RN 5 18 8T FFNet F1 Where2comm, ZEVRA WL BE &% T B 5L A S AN AR 43 AE $R B A

Where2comm

Figure 9. 78 V2XSIM EXEA i )y il al 0k 15—~ 5 M- IR G IMEI S 4 V2XSIM BRBirft, DATA il
IR R A, AEACBEERA Y A R B i, SO T SO R RE, LT sed %t F.
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Figure 10. 1£ V2XSET ERIAFIFIER AL, fE—1F
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Symbol

Definition

| Section/Module

3.1 Problem Formulation and Overall Architecture

N Number of agents in collaborative perception | Problem Formu-
system lation

1,7 Subscripts denoting ego agent and collaborative | Problem Formu-
agents, where i # j lation

Xi(t) Latest data of ego agent at current time ¢ Problem Formu-
lation

X;(t—1) Data transmitted by collaborative agents at | Problem Formu-
timestamp ¢t — 7 lation

X,;(t—7—AT) Data of collaborative agent at timestamp ¢ — | Problem Formu-
T—AT lation

T Transmission delay Problem Formu-
lation

AT Time interval Problem Formu-

lation

3.2.1 Proximal-region Hierarchical Downsampling (PHD)

O; Set of all objects observable to ego agent ¢ CDAM-PHD
Niotal Total number of observable objects CDAM-PHD
Ok k -th object CDAM-PHD
orre® Objects within the proximal region CDAM-PHD
d;(ok) Distance from ego agent i to k -th object CDAM-PHD
den, Distance threshold CDAM-PHD
Nproc Number of objects selected from OY"* for sub- | CDAM-PHD
sequent processing
Noaz Predefined maximum number of objects CDAM-PHD
Bout Oriented bounding box of k -th object CDAM-PHD
Bff}f Inner bounding box with scaling factor « CDAM-PHD
(Tk, Yk, 21) Center coordinates of k -th object CDAM-PHD
(hi, wg, l) Dimensions (height, width, length) of k -th ob- | CDAM-PHD
ject
O Orientation of k -th object CDAM-PHD
o} Scaling factor to adjust bounding box dimen- | CDAM-PHD
sions, a € (0,1)
o f’,‘f Point sets in inner and outer regions CDAM-PHD
Bins Bout High and conservative downsampling ratios for | CDAM-PHD
inner and outer regions
FPS(-, ) Farthest Point Sampling operation CDAM-PHD
Z’}C, f’,‘f Downsampled inner and outer regions CDAM-PHD
Py Point clouds of k -th object after hierarchical | CDAM-PHD

downsampling

Table 4. DATA 353 - 55— MEIFRIARM PHD
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Symbol

\ Definition

Section/Module |

3.2.2 Observability-constrained Discriminator (OD)

H;, H; BEV features of ego and collaborative agents CDAM-OD
C.HW Channel dimension, height, and width of features | CDAM-OD
M;, M; Observability maps, M;, M; € RIXHXW CDAM-OD
D(4) Foreground estimator CDAM-OD
H;_ i, M, Collaborative features and observability map pro- | CDAM-OD
jected onto ego coordinates
V Set of valid grids in transformed feature map CDAM-OD
H;"", M;°™ | Complemented feature and observability map CDAM-OD
Iy Indicator function (equals 1 for points in V and 0 | CDAM-OD
for others)
w Observability weighting map, W € RTXHXW CDAM-OD
Laomain Domain alignment objective CDAM-OD
S Set of all spatial positions CDAM-OD
sp One spatial position CDAM-OD
Wtiat Flattened observability weighting map CDAM-OD
Wy Feature extractor (point clouds as input and BEV | CDAM-OD
features as output)
D, Discriminator CDAM-OD
LpcE Binary cross-entropy loss CDAM-OD
Z Domain label (0 for ego agent and 1 for collabora- | CDAM-OD
tive agent)
~ Negative scaling factor in gradient reversal layer ( | CDAM-OD

v=-0.1)

Table 5. DATA 8 CFF53 - 55 %0 WM LA 5185
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Symbol | Definition | Section/Module |

3.3 Progressive Temporal Alignment Module (PTAM)

F;(t,x) Features at collaborative agent at time ¢ and | PTAM
position x

v(t — At, x) Velocity field describing motion of features at | PTAM
time t — At

At Time interval within range of typical transmis- | PTAM
sion delay

Ap Motion field representing velocity, Ap € | PTAM
RQXHX w

£ Temporal scaling factor corresponding to At PTAM

Fj”‘t” Intermediate feature predicted by collaborative | PTAM
agent

Fit—r) Feature from collaborative agent j at time t —7 | PTAM
, as received by ego agent

Ff"t” Intermediate feature from collaborative agent j | PTAM
, as received by ego agent

F;(t) Temporally aligned features PTAM

Flatests Fprev Latest feature and its previous feature PTAM

AF Temporal feature difference, AF = Flutest — | PTAM
Fp’reu

Wsamp Sampling weight, wsgmp € RIXHXW PTAM

Swarp() Bilinear sampling operation PTAM

sl,s2 Superscripts indicating first stage and second | PTAM
stage

AM Motion difference field PTAM

fu Global context vector PTAM

fr Temporal encoding with sinusoidal positional | PTAM

embeddings

3.3.3 Multi-window

Self-supervised Training Strategy

S

Spatial scale index

PTAM Training

hs, ws Feature plane size at spatial scale s PTAM Training

l Window size PTAM Training

Wi, Wa Two complementary window partitioning | PTAM Training
strategies

W/ ! Window with top-left corner at position (m’,n’) | PTAM Training

Wy g Window with top-left corner at position (p’,q") | PTAM Training

Nuyindow Total number of windows PTAM Training

F ft Ground truth features PTAM Training

cos(+,+) Cosine similarity between predictions and | PTAM Training
ground truth features

Lirters LEinal Loss functions for intermediate and final pre- | PTAM Training
dictions at scale s

Liemporal Total temporal alignment loss computed across | PTAM Training

all three scales

Table 6. DATA iE3CFF54 - =7 Wk i) x5 bk
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Symbol

\ Definition

Section/Module |

3.4 Instance-focused Feature Aggregation Module (IFAM)

H, BEV feature of a -th agent, H, € RE*XIxW IFAM
M, Foreground mask, M, = ®(H,) IFAM
HJore Hback Foreground and background features IFAM
Henh Enhanced foreground features after structural con- | IFAM
volution
StructConv(-) | Structural convolution with specialized convolu- | IFAM
tions
Ht Concatenated features, H% € RZOXHXW IFAM
Wi, Wwe Spatial attention and channel attention IFAM
W init Initial attention weights, Wi = W2 @ W¢ [FAM
Wwoeris Verification weights I[FAM
CS Channel shuffle operation IFAM
GConv(-) Group convolution for independent weight genera- | IFAM
tion
Hyerif Verified foreground feature IFAM
Hrelined Individually refined BEV features IFAM
€ Learnable parameter balancing contribution of | IFAM

background features

4. Experiments and General Symbols

AP5o, AP~ Average Precision at IoU thresholds of 0.50 and | Evaluation Met-
0.70 rics

IoU Intersection-over-Union Evaluation Met-
rics

Hposs Tpos Mean and standard deviation for position noise Noise Modeling

Lrots Trot Mean and standard deviation for orientation noise | Noise Modeling

Olocal Standard deviation for localization noise Robustness
Testing

Ohead Standard deviation for heading noise Robustness
Testing

® Element-wise product General Opera-
tions

@ Concatenation operation General Opera-
tions

[] Concatenation along specified dimension General Opera-
tions

[ Cardinality of a set General Opera-
tions

softmax(-) Softmax function Activation
Functions

ReLU(") ReLU activation function Activation
Functions

Sigmoid(+) Sigmoid function Activation
Functions

MLP(+) Multi-layer perceptron Network Struc-
tures

Convyxi() 1 x 1 convolution operation Network Struc-

tures

Table 7. DATA i SCHIFF 5% - SHIUH: IFAM fIE AfFS
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