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Abstract: Objective To address the challenges of difficult detection of tiny tangential defects, strong background noise interference,
and the difficulties in deploying general detection models on low-computing-power edge devices in pharmaceutical capsule production
lines, an improved lightweight object detection algorithm is proposed. Methods Using YOLOv8n as the baseline architecture,
targeted optimizations are performed through a three-pronged strategy. A coordinate attention (CA) mechanism is embedded in the
backbone network to enhance the model’s spatial perception capability for tiny tangential defects and edge micro-defects of capsules.
A C2f GhostConv module is designed to reconstruct the neck network, utilizing Ghost convolution (“primary convolution + cheap
operations”) to enhance fine-grained feature representation. Depthwise separable convolution (DWConv) is comprehensively adopted
to replace the standard convolution in the backbone, decoupling spatial convolution and channel fusion into two independent steps,
thereby achieving deep compression of parameter count and computational load. Results On an industrial dataset containing 1 204
images of various capsule defects, DWG-CA-YOLOvV8 achieves a mean Average Precision (mAP@0.5) of 90.5%, demonstrating high-

precision localization and accurate classification for six defect types and normal capsules, meeting the reliability required for industrial
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real-time detection. The model’s parameter count is reduced to 2.10 M, and the floating-point operations (FLOPs) to 5.9 G, representing

reductions of 30.2% and 28.1%, respectively, significantly improving lightweight performance. Conclusion This study successfully

achieves synergistic optimization of detection accuracy and model complexity, providing a scalable and low-cost lightweight solution

for real-time online quality control of pharmaceutical production lines.

Key words: machine vision; capsule defect detection; YOLOvV8; Ghost convolution; lightweight network
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Fig. 1 Schematic diagram of capsule defect detection
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Fig.2 Samples of capsules in different states
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R P/% R/% mMAP@50%/%  mAP@50-95%/%  Params/M GFLOPs
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Fig. 8 Detection results of capsule defect

GB SHIRDAERE P85 T 1) 5 R IE ] 7 HAE T
VA2 G AN 2B 1 v BE AT AT o AT 5 D S F ok A 1)
SENEL AT R A | —FhiEg B KA AR Ty
Fo AR FURE i — PR R FIEAE N TO0 R )&
B, JF R L 5 S ] g FE O 4 4 ) 3
(programmable logic controller, PLC) ¥ #il] 2 4t KA
FEER R
RIBAE PP IR AL b5

SEE

[1] Vijayakumar A, Vairavasundaram S, Koilraj J A S, et al.
Real-time visual intelligence for defect detection in
pharmaceutical packaging [J]. Sci Rep, 2024, 14: 18811.

[21 #5, FOU, BE, & R TRHERE 515 X5 T
25 PR 4 R T SR B A T (0] v SLER B IS R A
2025, 31(1): 158-170.

[3]1 WangZ Q, Tao Q, Zhong Z J, et al. Enhancing YOLOv8n
with Mamba-like linear attention for defect detection and
coating thickness analysis of irregular film tablet [J]. Int J
Pharm, 2025, 678: 125704.

[4] dh, BB, REERE, 5. HETIRELY S Tolksk
PR gt (3] thENLRLE, 2024, 51(10): 261-
275.

[B] #M%, &8, BRI, 5. ol YOLOV8 fEH 4K A B
FIFEAARE R RSN (7], REZ, 2025, 56(1):
216-226.

[6] ZER#K, RZM, KIEHE, 5. SO CFCN-
YOLO &L [J]. B st E 24, 2025, 48(6):
1439-1450.



* 6886

PED 2026£9H B57% B 178 Chinese Traditional and Herbal Drugs 2026 September Vol. 57 No. 17

[7]

(8]

(9]

[10]

[11]

[12]

[13]

Gu Q, Han Z G, Kong S, et al. DCYOLO: Dual negative
weighting label assignment and cross-layer decouple head
for YOLO in remote sensing images [J]. Expert Syst Appl,
2025,281: 127595.

Yao J L, Xu S, Huang F J, et al. Improved lightweight
infrared road target detection method based on YOLOVS
[1]. Infrared Phys Technol, 2024, 141: 105497.

Sapkota R, Flores-Calero M, Qureshi R, et al. YOLO
advances to its genesis: A decadal and comprehensive
review of the you only look once (YOLO) series [J]. Artif
Intell Rev, 2025, 58(9): 274.

Hou Q B, Zhou D Q, Feng J S. Coordinate attention for
efficient mobile network design [A] // 2021 IEEE/CVF
Conference on Computer Vision and Pattern Recognition
(CVPR) [C]. Nashville: IEEE, 2021: 13708-13717.

Xie C, Zhu H'Y, Fei Y Q. Deep coordinate attention
network for single image super-resolution [J]. IET Image
Process, 2022, 16(1): 273-284.

i, ZUPE, BEFE, 55, T FLH-YOLOVS 4t
WS EFRAS IR [7]. R AR 2R, 2025, 38(4):
658-667.

R, PR, ESLHR, 45 ET YOLOvSn [ &1L

[14]

[15]

[16]

[17]

[18]

[19]

[20]

IGMEE [7]. DUCHE THIR, 2025, 48(5): 79-85.
AR, KRR, %L, 5 T GCDB-YOLOVS ff]
BTN T Ig s iE TAE N A 773 (0], B
REAR, 2025, 50(10): 4553-4568.

Wang QL,HuZ Y, Li ET, et al. YOLOLS: A lightweight
and high-precision power insulator defect detection
network for real-time edge deployment [J]. Energies,
2025, 18(7): 1668.

FbesE, THG, WER. Tt YOLOvS i
SREARTI [J]. B FMIERR, 2025, 48(14): 154-161.
Yu Z H, Liang H Z, Ye O, et al. ESOD-YOLOVS8: Small
object detection enhanced with auto-disturbance rejection
convolution [J]. Expert Syst Appl, 2026, 296: 129046.
Han H, Zhu F Z, Zhu B, et al. Target detection of remote
sensing image based on an improved YOLOVS [J]. IEEE
Geosci Remote Sens Lett, 2023, 20: 6011605.

Holzinger A, Langs G, Denk H, et al. Causability and
explainability of artificial intelligence in medicine [J].
WIREs Data Min Knowl, 2019, 9(4): e1312.

Liu H I, Galindo M, Xie H X, et al. Lightweight deep
learning for resource-constrained environments: A survey
[J]. ACM Comput Surv, 2024, 56(10): 1-42.

[FrtEmat  &oME]



