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Map Uncertainty Perception and Topological Relationship Reasoning
Integrating Standard Map Priors

ZHANG Xiang, PENG Li
(School of Internet of Things, Jiangnan University, Wuxi 214215, Jiangsu, China)

[Abstract] Autonomous driving scene understanding is one of the critical components of autonomous driving
technology. Map perception and topological relationship inference are essential parts of scene understanding. Map
perception tasks mainly include road element perception and traffic element perception. Topological relationship
reasoning builds topological relationships between’ perception results based on map perception. However,
traditional methods face challenges in map perception performance when sensors are occluded, or the perception
range exceeds the sensor’s limit. Additionally,' since topological relationship inference in driving scenes relies on
map perception results, errors in map.perception can further impact the accuracy of topological relationship
inference. To address this, a map pefrception uncertainty modeling method incorporating standard map priors is
proposed, along with robust topological relationship inference based on map perception uncertainty. First, by
introducing high-precision map_prior information, the method effectively enhances map perception performance in
occluded scenarios. Next, the map perception results are modeled using the Laplace distribution to achieve
uncertainty modeling of map perception. Finally, a probabilistic topological relationship inference method is proposed
based on the map perception results and their uncertainties, which effectively improves the accuracy of topological
relationship construction. Extensive experiments conducted on public datasets demonstrate that the proposed method
outperforms comparative methods in both map perception and topological relationship inference tasks.
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J T A SCH B R AR/ 2 512 X 714 1R
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F FPNU il B &A% 45 AR, DI 25 i A S fil
Adam AL #% , 14524 21 R 0. 001, 2% 2] AR 4k,
KA LR KRS, Ll 25 24 4> Epoch, 7E I %k
b AR AR SO T R 1 0 R A 4 B AL AR
59 BEDLENEL BEAILE 5% 55 . AS SO BT A )
AR Ty i o G T B T 2R R T A A ) 1) B 4K
O 200 A, 28 oo R A I Y 2 i ) HcE
100 A, DX s A 100 iy A 980 1) £ $0 i o 300 4>, 7
6 Pt NVIDIA A100 GPU By 5 T YII A AL, Il 25
i #2H Batch Size S 1,
3.4 ZWHER

ASCHE OpenLaneV2 $0¥4E b 47T 5250, %
T 2Lk rERe. SClmas Rk 1 for,
Horp RN IR R AR I 8 bR, 7 R R
YOLOvV8 i f75cn g, MRPTLIE A
SCHR S B 5 VA A B T BRI A8 JT A | 1 %
JCE R C R IERE GH B 0K 5 288 o R MR Fh
KAMEHEZ N5 LIS TR mTERe . 7EiE
BEICRATIAE 55 L, A SCHIT 4 7 2 78 2 18 2 D A

DX 3RS DU AT 45 b 43 0 A T 0. 379 A1 0. 267 Ay
mAP, A LT e 4 19 3£ 48 U7 15 LaneSegNet 4351 2
70,095 1 0. 03, X EF 25 TAR A b & Se 58
DA KGH T2 AR B PR . ARG b R Se 6 mT LA
5 BlR 7R o Gy b P AR T R T R A B RO AR, B Y
18 T R 22 B PS E  455 780 BB 08 MR H ARG 1 18] S5 56
W T R A0 DA RO e A R L e
4% 70 2R 0 A 2 P AR D) T L) B A TR 2 > B B
R I RFE R 7 o DA T T BRAS FRY AT S B , 46 A5 7Y
R o R e k. FEF AN S RIEFT S5 L
ARSI AT A6 T T R MR I 5 FR 9 B AIE #E T
F 52 s R M ¢ REHAT 55 Lo A T
0.322 1 0. 239 ) mAP, A+ T Fe b 19 FE 4L Ty
LaneSegNet #2537 0. 077 HI1 0. 026, X F 54525
F AT 55 o 0 PG B T AR SGE A 5] AR RS
i P S8 T S 0T 2R A AS B M AR A AR T
T8 % T 2 A A U B o DT SR T A 5 B AR T
HEBR I RRAE 22, 3 3 7 40 F0 5 28 9 38 109 o 1 1
]S}, 7 X T R AEA T AN P S L I e &R
e PRAS B n LA 8 T R ORI AR B AR
T AR T D 6 FR A R W R A
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Table 1 Comparison of experimental results

Wik HTM% T'pep Toer e Toer_, Trop I'rop Torus
STSU ResNet-50 0.116 0.018
VectorMapNet ResNet-50 0..132 — — 0. 028 — —
MapTR ResNet-50 0.103 0. 021
TopoNet ResNet-50 0.196 0.452 0.181 0.122 0.218 0.329
TopoMLP ResNet-50 0.253 0. 464 0.203 0.163 0. 197 0. 354
LaneSegNet ResNet-50 0. 284 0. 459 0. 237 0. 245 0.213 0. 387
Ours ResNet-50 0.379 0. 486 0. 267 0.322 0.239 0.438
Ours Swinl 0. 429 0.521 0. 292 0.378 0. 281 0. 477
Ours * Swinl 0.429 0.713 0. 292 0.378 0. 309 0.521

N T HRIEA IR T I 46 XA AR P R 1 5 o L AR
SCAFE SwinLPY F AT T 5086, W3R 1 sl LA
AR SO R 7 A Swinl IS T S SR AL RE.
X FEAFEE T Swinl B SR (1) RFAE A BE F7 : SwinL
TE AL BRI FRASES A 42 15, T LA G 4t 2 3] S 85040 19
SYARRRAE T4 R AL IZ AL RE F7 . IS, % B3
ACIE T FR A AT 55 vh R 3 B AG D 4y A 3% D /N H
i AR SR YOLOVS ™ 304758 M e KM . A
# 1A RIE I i YOLOVS $E17 2838 7o E K
AT LAFE 5 230 7T 3R A 1 B TR B 4R e 3 K T R

MAEITC R Z R OC R AERL A PEBE  (HIZ 7 LT
12 S Bt ) o A U1 2
3.5 HRASKIE

KT RFARSCHT T L A R 5T T 24
THRENSZES , AR SCHE LaneSegNet fFERE FZE A 5] A
T b 1 56 9 R B 0 2R AN A T A, DR AR I
FEhl B I ATE T HER A HH T OC R A RLABIH, 43 5]
TTER, SLIRAERWME 2 fiR. W& 2 P
HE o b Se A AR T T T B T R A Y P RE
T8 PR IC R WA E P A SR T 1 T R A
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PR T R I DG R 4 S A VA 1 L R TR 9
IR MR — AR T T b5 SRR A HE
Mo ARSCIR B9 3 FhOT A RS [ T 2 o) I B

BRIV IER R 3R R AR B2 AL RE ) - AT i g AL
RPN PR HE AN FhOC R HEBRVERE , ik T A3
FITIEBIARE.

R2 HELWER

Table 2 Results of ablation experiment

7:7?2 I DET_| I DET _te I DET_a I TOP_II I TOP_lt 1 OLUS
LaneSegNet 0. 284 0. 459 0. 237 0. 245 0.213 0. 387
bR b A S e 0. 362 0.476 0. 259 0. 296 0. 227 0.398
AN A 0.377 0. 478 0. 267 0. 308 0.231 0. 422
RN G R A 0. 379 0. 486 0. 267 0.322 0. 239 0. 438
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AL ST, W 3 Fras . #E OpenlaneV2 $¥E 4
.4 5I{# ] LaneSegNet £ LaneSegNet fill & Fr ki
iS58 1) 5 7 (SD Map) JBALE Bt K o M EH
CIRDY. & RS BUREAWN 7 ich: A C3 Bint o Bt 1RGSR 451
PRI TR W7 BRI IR . DT 4 = 1 B T R K
W HERAYE . [RIE . 438 P 0 FR 52 B PY  , AA A]
DIAR R bk b 5] 21 S0 4T 18 B T R A, DR
R PERE . FEULIEAE L AR SCHE— DX IE RO R
AN M B R AT Tl Ak 0 BT, & 4 Fi .
ARSCHERNA BAs b B S 5 i JE Ak L, (i F A A3 AN
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DL B, 24308 % T 2R T T AT DL B o ABS AR AGH ) 14 1) 1 Jh

()RR

(b)GT

(c)SD Map

TCFR AN PEBLA , 100 > 18 3% T 3R 52 BN $ ul % 1E
% JEF i SRR o ASE ARG I 0% 18 {8 T 2 AN E
PERS R o XU, AR SO 77k AT LA 50k X JE
TCER AN P AT 5L, AT A2 v 10 8% 5T 3R A
(I HERAPE RIS AR . [RDERT o 3 PN ff o 1 R A5E vk
AT LAE By R A 2 o] 380 A0 6 B R AE 278, AT A
PRABE AT SR o B TS ARYAS I 1) At 1 R e
WE 5 Frzs, AR SCXE T A A A i B
LaneSegNet AW A 72 P 842 9 LaneSegNet
A Mgk, MBI AT LUE Y i A AN e 1 A
f1) LaneSegNet 7E I 2547 {145 25 T i 38 B2 FTAe S0k
JERPL, HAEVNZRIS R 2% B/ SR BT A AN e
AR LaneSegNet FJ LUTE 4f 2 >J B EHE 1 73 A
FRIE 32 S R A2 AL RE TT .

( il

(d)LaneSegNet (e)Ours

3 BAREBELEEANE R TR

Fig.3 Visualization of detection results fused with standard map priors
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Fig.4 Visualization of uncertainty modeling for road element perception
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Fig.5 Comparison of the decrease in loss value before and

after adding uncertainty modeling
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