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Abstract: It is a significant challenge for high-precision 3D object detection for autonomous vehicles equipped with
multiple sensors in the dusty wilderness. The variable wildernessterrain aggravates the regional feature differences of
detected objects. Additionally, dust particles can blur the object features. To address these issues, this study proposes a 3D
object detection method based on multi-modal feature dynamic fusion and constructs a multi-level feature self-adaptive
fusion module and a feature alignmﬁent augmentation module. The former module dynamically adjusts the model’s
attention to global-level features and regional-level features, leveraging multi-level receptive fields to reduce the impact of
regional variances on recognition performance. The latter module bolsters the feature representation of regions of interest
before multi-modal feature alignment, effectively suppressing interference factors such as dust. Experimental results show
that compared with the average precision of the baseline, that of this approach is improved by 2.79% in the self-built
wilderness dataset and by 1.7% in the hard-level test of the KITTI dataset. This shows our method has good robustness
and precision.
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B SE IR R KN 0.01, ZRE T 40,9, J5 ALK ELR
FHI NMS (3 SRR ), B 4 0.55.
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R AN EORAE. % 2 SR T RRCE AN
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AT 2K 0 B BT R AR E 2K, AT B ARG
TR A, SR 2 U T LS A A0 R B A 1
HIVEA TR b5, WLAP 2.1 TR HE bR 0. 4R 5 VR AE
H S5 B AP (HIX 2] 76.32%, 5 Z AT 51200
be (bh T AKE SR = BRI S, 0T B 3 o 3 T B T
33T A LB, AU T R O ik e
WS 7 i, MR T 2R vk, Horh, AR T L
14 LoGoNet, & LT 2.79%. % T WP AR B 1
TR, 32 H i T AN AR R R I =4 H
FRIME S B — e iE R |

%2 Eﬁ%ﬁh%xbﬁ%iﬁ@ﬁ&mmﬂ%%ﬁw

Ty SR S KZEAP (%)
\SECOND"™ ™ 9018 L 74.12
: PV-RCNNE" 2020 L 74.74
Voxel-R-CNN2” 2021 L 72.85
CasAP? 2022 L 72.31
FocalsConv!'”! 2022 L+C 75.20
LoGoNet™" 2023 L+C 74.25
Ours 2024 L+C 76.32

KITTI £ 4. ASCIETE KITTI AL EE 4 Lt
177 X sREs, Wk 3 Fs (S Lz, C K
8. N TV — 35 A, 755 H A S FB A AR T
i, R ER A — SR R, 5% EER A (PR Fe bR —
H,IREARZHE ToU % 0.7, K 40 AN E 67 B it 5
AP {H. )3 3 A LUE H, 3R B R FE YR 2500 |
JIT M P 20 F) AP (AR BT I HERS R H0 G BT i Tt 5
il PRI — 2, AP #2181 1.7%. R W AR T IR 1)
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) g IRl ¥

SECOND!” 2018 L 88.61  78.62  77.22
PV-RCNNE! 2020 L 92.10 8436 8248
Voxel-R-CNNP 2021 L 9238 8529  82.86
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LoGoNet! 2023  L+C 9204 8504 8431
Ours 2024  L+C 9240 8537  85.74

FEV B L A D S BIRERE A
i SEPRfE I 5, HAA Ry FOETE I, K%, W
B 5 B, 0 Al A FREE TR B8 1 5t SR e
HHK) 3D PR EEAR broR VR Ak A5 R AE A 1L a1 1k

RERI. L E T, RafEx. yy z i B e

I3 R[—2.8, 78.8] m, [-45.8, 55] m, [—4, 1] my A ER
~}24 (0.05, 0.06, 0.3) m, RGB @wﬁzﬁ 1536x2048.
S 48 B 3% 4 AR, 3 T VA AE 45 3 0 F A DR P
BT Hoftr ik,

(a) R ELS (b) R

5 ANEHY g
R4 WL R EANE T AR S R L

I3 T . 22 R 10 e bR 3 I
735 245 2 SR R R, - DX SR G 4 R
S, R B8 B I 2RAE, S — 5 st bR
SCRVFRAR, T8 (X SR A 25 530 L A 50 i A
ARSI 5 IBSAE R 5 SR, 7% AP fF i —
SR TE 0.48%. B HMA 4 47 3t i o 5 T 4 I
B0 20— A R DX R, R 4 2 A R
BRI, 5 08 55 480 3 0 e T DA 25 T 6 e ) R
P K R, 75 54 S 5 il 2 i 4
o B0 % REAE B B T R 15
I PO AR, L2810 T4
L %S ARSI LI s At

ZYRIE [ 3E MRS HRAE X 54 5 REAP (%)
X X 74.25
N x 75.96
N N 76.32

WiRES A S Truck@3D-AP (%)

SECOND™ 2018 L 40.27
PV-RCNNPY 2020 L 54.59
Voxel-R-CNN"? 2021 L 55.37
CasA™ 2022 RL T ¥ T4
FocalsConv!'"” 2022 'y L*C 57.93
LoGoNet*" | 2023 L+C 58.22

Ours 2024 L+C 59.31

B Ab, HET R0 738382 — A RO B R,
4 1 1) 2 BRI I, 0388 25 0 T RO B IX
SSURFAE RV 28 56 92, A SCH MR B T 2505 BEV
541, B2 6 TR 5 M TERIELE T I L, X
SRTTAL 2. 5Y W7 S 41 2% BEV KA A PR (94
Ay B — 5, (L5 25 BEV A5 BRI 0 =4 5 5
PRSI K, B8 6 15 2R AT 0 S AR G0 5 8, AR
ot 480 B A T T R B 1 = SR,
AR R, g "
%6 .#%cﬁxgr}*i%‘%*ﬁﬁw EENA Y

)‘Q{:BEVW% AHHL A X 2% REAP (%)
& x 72.13
x N 74.79

2.4 HEASELG

RSO RS0 TR [ AT AR AR Bk AT, DA
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Jik B A, B2 JRFE IS B R R
RFAEXT SRR . & AE R F e 5 B,

HI3% 5 WA, 0T B @ B8RS BRI e bs, 24
FFAE B3 N fi A BB R 2.3% (R PERESE 25 . B PR B
HE bR R0 52 M T AN S 52, 7R = 4 s R AL B
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AR AT LIS 6, FeaR T B 2R VAN AR SCHR HE 1)
JTETE AR b = 4ER I S b, e B A
3 5l 72 PR AL A A [ T B R B AR [ 4 A2 2 FE R 3%
5, BB KRR (a) BRI 5% (RGB Bl 7). (b) X
LR s 5 (s IR HEC ) R (o) 6 R A = 3 5
M5 H (B br =4EAEIT AL ED). RGB B 5 BUW L 2 30
T AR LSS O, R BN H bR =
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