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Real-time Semantic Scene Completion Algorithm with Multi-source
Fusion in Complex Traffic Environments

LIN Weixuan', YE Shitong®
(1. College of Artificial Intelligence and Data, Guangzhou Huashang Vocational College, Guangzhou 511300, China;
2. School of Artificial Intelligence, Guangzhou Huashang College, Guangzhou 511300, China)

Abstract: Facing the needs of autonomous driving and intelligent transportation. it is of great significance for the real-
time and accurate reconstruction of 3D semantic scenes around vehicles to ensure traffic safety and optimize travel efficiency.
Aiming at complex traffic environments where there are multiple sources of heterogeneous data, as well as serious occlusion
and variable illumination, this paper proposes a multi-source fusion real-time semantic scene complementation algorithm. By
using a cross-modal self-attention strategy and integrating information from a camera, LiDAR and millimeter-wave radar, the
perception and semantic inference of occluded regions are accurately achieved. Spatio-temporal contextual modeling is used to
capture the dynamic changes of the target in the sequence data, which significantly improves the consistency and completeness
of scene. Experimental results show that the proposed algorithm has significant advantages over mainstream baseline methods
with four-dimensional sparse convolution in both occlusion processing and inference speed.

Keywords: multi-source fusion; semantic scene complementation; spatio-temporal context; real-time sensing; autono-
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FPS = (30)

FEr s N AL PR BT WEC S T e A0 P 3K 28 7 T
FEBR A IFIA] . FPS Ry . AU E B 2 Py .
A b T A 3h 2 B S RE sl .

3.3 IWEAEMGLE

D Kt Ak 2 .

xR BE . FATS — R iR RGB B & 8 R
oy 448448, FEIH—ML B E [0, 1], #OBH K
PR AR AL B, R RSP RE N 0.1 mX0. 1 mX
0.1 mu, IR S S5 5 B2 o AU g A . 22 K B ok Kol
o P A o L A g e f D e — R RO S —
JHAE O 128 X128, JFFAREMLAL B, S8R0 AU B
wmE

& PR B Ak

from torchvision import transforms

image_transform = transforms. Compose([

transforms. Resize((448, 448)),

transforms. ToTensor() ,

transforms. Normalize(mean=[0. 485, 0. 456, 0.406], std=
[0.229, 0.224, 0.225])

D

= WO IR B R R A Ak

def voxelize_point_cloud(points, voxel_size=0. 1) :

coords = np. floor (points [:, : 3] / voxel _ size) . astype
(np. int32)
coords, unique_indices = np. unique(coords, axis=0, return_

index="True)

voxel features = points[ unique_indices, 3]

2) FRAESR ISR XS HL

PG RR A 4 BB B R FI 2 F ResNet-50 9 2 RUE %5
FRRIZ% . WG AL R A ImageNet Il ZhA AL, FpAE
HERE Ny 512, WOt Tk BE R LT 3D i i & BRI 2%
(Minkowski Engine) 544, #iBi& N TikE R 3 X
3X 3, FFMEHERZ N 128, 2K I8 B r Ak $2 BOR H
THEERIM Y, BB R T 3X3, G E TR
P, AR R D 64

3) BRI S S B E

AT YN ZRad B2k F T 3 2oy 2L R A 25 LA
ZRBCE T A A R AdamW, B 1f 5 2] &Ny
le-d, WEIEMBEE N le-d. fH A 5418 k2 o) RiH#%
¥ W& (Cosine Annealing LR), iJllZ: & epoch 2 100, #it
RN 8. PR BB SR TR SR 2R A U S 4
T B =50 S A UG REAT INBGR F . O SR AZ O AR R B
LU

£ Pk REUE X

criterion_semantic = nn. CrossEntropyl.oss()

criterion_occupancy = nn. BCEWithLogitsLoss()

for epoch in range(100) :

for images, lidar_points, radar_data, labels in dataloader:

optimizer. zero_grad()

outputs = model(images, lidar_points, radar_data)

loss_sem = criterion_semantic (outputs[ 'semantics’], labels[’
semantics’])

loss_occ = criterion_occupancy(outputs| ‘occupancy’ ], labels[’
occupancy’])

loss = loss_sem -+ loss_occ

loss. backward()

optimizer. step()

scheduler. stepO)

3.4 KBERSW

AU 5T AT A 2 56 28 6 B vk A0 I Y X kb 4 AR
T1 o R BB BITE SO B DL S BRI HEAT 30 0E . 5ok
FH Y 4 7 B L 4D Minkowski Convolution ™V i# 47
WA LR, i Z TP 48 bR 28 5 S B A B 2% 58l
WEE RIS .

R S AR R N AR RE Sy, Rk T
nuScenes i 5 o 2 IR HE TR AT AN R 4 5%
F bR AH BB A 52 2% i BL . JF N KITTT B dis 48 v i b
7 3 0 5 I I B 5 ) 0 A B R A TE R AT AW A
B & VILE TASCER I MFR-SSC 52k ] I 4E 7 5t
%M 4D Minkowski Convolution (LA F i #& “4D
Mink”) FE4H. 17 N5 %47 # 55 £ 2 H bR £ X i |
bR,
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933 %

# 1 4D Mink 5 MFR—SSC 7 3 £ X 337 5 b 2% L

Sl /46 b 4D Mink MFR-SSC
Vehicle-ToU/ % 68.9 72.5
Vehicle-Completeness/ % 75.2 78.7
Vehicle-Precision/ % 78.6 82.1
Pedestrian-IoU/ % 61.3 64.8
Pedestrian-Completeness/ % 74.9 78. 1
Pedestrian-Precision/ % 72.7 77.3
Cyclist-1oU/ % 59.4 63.2
Cyclist-Completeness/ % 70.1 74.6
Cyclist-Precision/ % 71.8 76.3
Overall-IoU/ % 62.8 65.4
Overall-Completeness/ % 78.5 82.2
Overall-Precision/ % 80. 1 84.6

MR T BT, EZEXH R ESEET.
MFR-SSC #J4 A [\ 8 B B L . F¢7 & # “ Vehicle”
Hl “Pedestrian” X W 28 5 52 18 % 42 fe W AHOCHY H A5 |,
IoU. Completeness M Precision f H, 4D Mink ¥/ %) 3
~5% M T. MBI AL B A, 4D
Mink 32 S % 22 Wil 2= 1 JLAT 22 4k 38 3 2 429147
SRR R I, S s R B AR . R X LA E
ARG R AR AR ZIE R . 20 . A7 APk
TS REINEG R, MFR-SSC {§ B #1385 B 1 &
142 Ry e AL B TT X AN [ I 20 1 R AE R AT ORI . BB A AL
T 2 H AR iz 3 9030 O O8 17 i 22 Wi i — 2ok, 4D
Mink 17 J& 1 i [ 4E B2, H B = XF 2 Fh A% I 2 Hi a1
TR BE Rl . JCYETE 58 42 4 1% J B 20 SEL AP 45 4 R 2K

R Tk — 2 AR E AR AN TR B BT X o p 4 iR
R TE SCHIEE J1 . A SCHE nuScenes 5 KITTT 4 4k
FTE A5 MR A B AT T 2S00 . X A4 A 3R 70000 1) 1
AR — B, UM BERAR R R
7 oa w7 MR R IR RS BT
ZH e (mloU), BIR[AREIAFBETWRE. B3R
78 T MFR-SSC 5 4D Mink 7E B {E M 0. 3 33 %] 0. 9 11
St

MFR-SSC 7£ % & {5 B B {E T /9 mloU ¥ it 4D
Mink, Jf HBE & B (E T & AR B RORT B2 &R A A [\] 72
BER) TR R, AH MER-SSC R 45 1) [ i 537 R -2, ) i B
15 BE A2 1 FAR TH B 45 B W fh 5. MFR-SSC 1£ 45 &
{5 B H F 9 mloU ##3f 4D Mink, I H.Ffi % 1 {8 7+
e IR BORS L H A AN R FE R B, {H MFR-SSC
PRAFE I 88 W B D - 0 A AR R I AR TH H 2%
R Joie % B 8 2w B A B Bt, MFR-SSC
7 mloU ¥y 4D Mink 24 3~4 A~ 43 mi s ULUI7EG
OB F TR ORI Iy, Z RS RE 5 2 R ig Pl

88

86

84

82

mloU/%

801

78T

—e— MFR-SSC N\
| -=- 4D Mink .

0.3 0.4 0.5 0.6 0.7 0.8 0.9
Threshold

P 3 AN [a) B 2 BB ) 1A 3R 0 0 T SOR JE

76

B 320 0 JER N DX, DT B ORS00 Ak 1 1 SO T
R,
e 8 S sk iR b, fBERER (CEOR R
LBRHL. ORI A RO I TS LR 4 R A
e iR I TN o B & N R o N S
6] R DRE BE . AR SCLL 0~100 m 3 B . K et %
Pt 10 m KR40 10 N X B, 784 X BN 4 3 58
THAR R 9L Precision, A SCHE 1 19 MFR-SSC 1 4%
Ji ik AD Mink 2 5. & 4 SR T AN 2

95

=MFR-SSC
==4D Mink

Precision/%
o]
o
T

1
S D O S R S
¢ eSS SN
N S 4§ S QS

Distance Intervals/m

& 4 R [E HE B IX 6] 1 /AR & 9% Precision (%) X}t

PSR AL AR O N 8 8 s LR LA
PR R, MFR-SSC il 4D Mink ¥ fig 35 15 %% & 4
K. AR B A, SaFnREEme. BRI
RE WO AE S M Wk 2 T R SR
BREREAETEHE. £REE N, MFR-SSC | H %
RS T 7 A 25 — SO AT AR R 5 1 4D Mink 24 2~
3 ANE A3 5 1) Precision,  JR 3 X 35 40 38 44 F0 0 75 B 5
MG RE 1. 2 H ARt BAE 50 m RAAh. Ot s =
BT HEE . BARVLALAE LS HES S IR dn iy . =K
FIRERZ AW g g o, e B KR E T
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MRS SE . T A2 2R S PR R I £ TR A S SO s b e Tk - 271 -

. {2 MFR-SSC {8k Lt 4D Mink f9 2 B 45 .

T VA B AR A ) N (8] B BT A S R fE
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Time Window T/frames
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Ko R EFESETA, WAELEENE -2 RET
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A7 AL AR B O T AL b B3
4 ZRIE
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F 37 S Ab AN B RO A B T IO T W AR TR,
HAEZ P kel i A it 1 5 F . REEE R B 47 1018 X
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