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FSLW-YOLOvV8n: Lightweight Automotive Seal Defect Detection Based on Improved
YOLOv8n

LI Wen-Chen, ZENG Ying-Hai, GE Jian, YE Zi-Yuan, QIN Qin
(School of Intelligent Manufacturing and Control Engineering, Shanghai Polytechnic University, Shanghai 201209, China)

Abstract: Deep learning algorithms have shown great potential in automotive seal.defect detection, but challenges
remain, such as model complexity and deployment difficulties. Therefore, FSLW-YOLOv8n, a lightweight algorithm for
automotive seal defect detection based on an improved YOLOvVS8n, is proposed in this paper. First, the Bottleneck
structure in the C2f module is optimized by intreducing the Faster block, which improves memory access efficiency and
feature extraction capabilities.__,Meahwilile, the neck network adopts the design concepts of GSConv and Slim-neck,
significantly reducing the parameter count to achieve model lightweight. Additionally, LADH-Head, a lightweight
asymmetric decouple head, is used to further streamline the model structure while improving detection accuracy. Then,
the Wise-IoU loss function is introduced, enhancing overall detection performance by a refined small-object localization
strategy. Finally, the improved algorithm is converted and deployed on the HiSilicon platform, followed by performance
validation. Experimental results show that, compared to the baseline model, mA4P has increased by 2.1%, while calculation
amount, parameter count, and model size have decreased by 55.6%, 42.7%, and 38.3%, respectively. On the HiSilicon
SD3403 embedded platform, the detection speed reaches 31.3 f/s.

Key words: YOLOV8n; automotive seal; defect detection; lightweight; Slim-neck; edge deployment
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W LR B AR EfficientDet-D1M", NanoDet-m,
PL B YOLO &% YOLOv3-tiny!'*'. YOLOv5n.
YOLOvS5s. YOLOv7-tiny fl YOLOvS8n % L5256,
A B TE RS (0 LU 4 R, i R 2 35 SR FH A [ )
R B AN R — AR AR, SR AE RN 3 s, B
B: FSLW-YOLOv8n & Jif& #5318 T EfficientDet-D1;
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H 4R NanoDet-m AR, 5 &M S H R AN T
FSLW-YOLOVS8n, {H 2 K5 B 78.7%, @Ak T4
Y 5 YOLOv3-tiny. YOLOvSn. YOLOVSs.
YOLOv7-tiny Al YOLOvSn 5754 L, mAP@0.5 43 %))
PET 9.9%. 2.5% 2.2%. 7.1% F1 2.1%. 7] L3 B
ASCHEIVEAER B T H A E R R e, o B
N AVIE 5 th i R LN

25 b, AU W R B T INE A TR R I )
BRRBEAS I, FLAEIR I A S 28 i S AR — S B
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i H AR SN A

Ae e AR TR A PR A 15 7% LR
F£3 NHesELs

) mAP@0.5 FLOPS Size
s Parameters
(%) (&) (MB)
EfficientDet-D1 76.4 6.1 6557012 269
NanoDet-m 78.7 0.72 937232 3.8
YOLOV3-tiny 78.0 12.9 8673622 17.2
YOLOv5n 854 4.1 1764577 3.7
YOLOVS5s 85.7 15.8 7020913 14.2
YOLOv7-tiny 80.8 13 6015714 11.7
YOLOV8n (baseline) 85.8 8.1 3006428 6.0
FSLW-YOLOvV8n (Ours) 87.9 3.6 1721908 3.7

3.6 BARFESEE
3.6.1 WMANXTE
ALK F (2 LA F SD3403 V100 Jy 4500

BN RIF R 4. SD3403 V100 42 A Jy#E W =2

TH =) W5 3% 75 3 B9 %V ultra-HD Smart IP Cameéra SOC,
PRI B R RIS 5
s L% DUR% ARM Cortex-AS55 AbFE 3, 4 B Hh 22
28 ik 51 8 5T 4 TOPs INTS, JL 4w 2 $die
AbER B8 SRV SRR A4 R N 2O & 10 9% R A
4 Linux 4.19.90, S R 484 rootfs_glibc_arm64, Al
K E A CANN (compute architecture for neural net-
works) FIfRAA 5.13.t5.0.6050.
3.6.2 MR

PC #ij PyTorch HEZLAE B 1) pt BEA Jo i B B0 &
TEHE R b, AT — RO e b 3, FASAY
FHIFEUE 8 Fion. B RTE PC w2545 1) pt A5 5Y

AN onnx EAY, $ 5 R A vk B Yn B4 (ascend

tensor compiler, ATC) ¥ onnx 17 ¥4 ¥>4 SD3403 V100
R SCRITE2E om BREAL. (E AT BURLAEHE 201, %
N EMBHEAT A B, FF LR T )y 640x640, JF
¥ B A BGR kg al4% 46 i RGB A% 20 AR, A
b jm i I ACL VR 5 S HESEBEAT HERE, HEFRZE R (1)
HEREL L AR R E M H] (NMS) HEAT b3, B R R A
b2 e DU AE A L
3.6.3 MERPERERIIE

R 3 45 DA SR N 30 6 BB B3 05 PR 1) 25 5 3L
SRV S R A IIRS BE N B, O T SRR 4 S AR Y A g
& SD3403 & E R FLSEPERE, e HUE 7 v B A 2%
G 1) AT X L SEe, 113k 4 Fos. SEIR o %
B OO AR B AE HE R 2 . R ORI L RN T T

M # B B AL T YOLOv3-tiny. YOLOv5n Al YOLOvS5s
SR EUARTEAS I TE B2 7 TH s 12 T YOLOV7-tiny HVZ,
{HR AR T 8.3%, BV T 54%; Xif th B2k i Y
AEF AR T T 4.3%, BEAUATUR/N T 21.9%, BAAK I
TP W AR B, (BT 31.3 /s FRORG I B, A% i
T I AT I EL SR, SR &, oot fa B B e 14 R AN
AR I T R R AR, SR B A SR T
ATEERIAR R TT .

R ] e 4

WAER (BGR—RGB)

SEEEH G

X

PR e fi

(pt—onnx)

ATCHEAL 4

(onnx—om)

MHEE e SHRIE e NMSAH

8 MRAE R

K4 BURPEREXN HSLIG

B P (%)  omX/hN(MB)  FPS(f/s)
YOLOV3-tiny 754 17.0 30.3
YOLOvSn 74.4 48 25
YOLOVSs 75.6 14.9 19.6
YOLOV7-tiny 80.1 \ 124 333
YOLOvS8n (baseline) 84.1 73 35.7
FSLW-YOLOvSn (Qurs) = 884 57 313

b

4 L5k

AR ST SRR 3 P SR B A I RS A SRR R o
JE IR R, $ T AT YOLOVS (30 5% FSLW-
YOLOv8n. i id %t 32 M s #EAT AL, ¥ C2f B
i) Bottleneck %5 #] % #:y Faster block, #& JHFAEH2EL
R, B 554 GSConv A Slim-neck ZEFHEAT Fi0 %
AL ER, I K LADH-Head ARG I Sk 1 — 25 K5
FERYEERE, SR 5 ] Wise-ToU & AR5 45 2% iR 2, $2F/)N
H AR 58 AL B8 77 5 A DK BE . o Jm 38 5 A28 B i g Ak
SRR I E R SD3403 ik AP & 1, SEE
T 4.3% MERR RS LA S 31.3 f/s BRI B2 AL
TEVRZE 2 BBl R Pk I A I 20 3 EHUS T — o
R, EEAG I T B2 AR Y e BT 7 AT A SR TR R, R
SRR A 2 B A R I8 3 BY A AT 3 — 2P Ak,
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