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Surface Defect Detection in Metal Rods Using Enhanced RT-DETR Algorithm
WANG Zhen-Zhou, LI Cheng-Zhe, SU Jing-Fang, WANG Jian-Chao

(College of Information Science and Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China)

Abstract: To address the issues of missed detection of tiny defects, background interference, and insufficient real-time
performance in surface defect detection of metal rods, an improved RT-DETR-baséd efficient detection algorithm, RDGS-
DETR, is proposed. A lightweight feature extraction moduley called the reparameterized-partial feature network block
(RPFN block), is designed. It integrates structural re-pafameterization with sparse channel computation to reduce
parameter complexity while enhaneing the représentation of micro-crack features. A dynamic feature refinement fusion
module (DFRFM) is also deyeloped, ﬁincorporating the DySample dynamic upsampling operator, which improves multi-
scale feature alignment accuracy in curved surface imaging scenarios by adaptively predicting offsets. Furthermore, a
geometric-sensitive normalized loss (GSNL) is introduced to address the limited sensitivity of traditional loU metrics to
non-overlapping small targets and to reduce regression bias for complex-shaped defects. In addition, a sparse global
interaction attention (SGIA) module is developed, which employs an efficient additive attention mechanism to achieve
global context modeling of defect regions with linear complexity. Experimental results demonstrate that, compared with
the original model, RDGS-DETR improves inference speed by 8.55 f/s and increases mAP@0.5 by 2.8%, while also

verifying its robustness. The algorithm achieves a balance between detection accuracy and real-time performance,
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providing reliable technical support for surface quality inspection of metal rods in intelligent manufacturing scenarios.

Key words: RT-DETR; defect detection; lightweight; feature fusion; small defect feature representation
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24 GB. FEAW B R 1 Fiow.
x1 FEVMEE

Type wE Type wE
GPU RTX 3090 Epoch 300
Python 3.10.14 Batch 24
PyTorch 2.3.0 Learningirate 1x107*
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DRV SE B R 4 i A4 2 T R B £ e Ak
e, SZI X EL T MO LAY R RT-DETR £ 8 7E NEU-
DET ##la 4 B2 #pr i ats, i mAP@O0.5. mAP@
0.5:0.95. FPS. GFLOPs. Z#{& LK 6 Fh&kia M)
AP 8. BRI 48 Bk 2 ik,

AILAE Y, SOl BIERBLRAE 6 FhEkiE AP (HISH
P, Ho, 2, fLHE R . Ak BRAL BEERL
RIIR I AP H 7l # e 1 10.4% 2%, 7.7% 2.7%:
5.6%+ 5.9%, mAP@0.5 A mAP@0.5:0.95 4 Jjl 427+
2.8%. 0.6%. b, 55 16 RT-DETR A LL, oicit 52 i
U HEHE R T (R A, FPS A
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AP (%)
Model - - mAP@0.5 (%) mAP@0.5:0.95 (%) FPS(f/s) GFLOPs Params (MB)
Cra Inc Pat Pis Ris Scr
RT-DETR 589 712 715 715 613 916 72.6 41.8 157.96 57.0 20.09
RDGS-DETR 693 732 852 742 669 975 75.4 42.4 166.51 43.1 14.02
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. w8 3 RSG5
RT-DETR-rI8 " RPFN block DFRFM GSNL SGIA mAP@0.5 (%) FPS (f/s) Params (MB)
B . — — — — 72.6 157.96 20.09
R R — — — 73.9 151.55 14.01
v — N — — 72.8 160.32 19.90
v — — R — 74.1 168.03 19.88
v — — — v 72 177.92 19.88
RN v N — — 73.3 169.52 14.02
RN v — — v 72.7 178.68 14.01
v — N v — 73.8 164.19 19.9
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A RPFN block I, mAP@0.5 $2T+ % 73.9% (+1.3%), =
BEAS P KIRAL, B4 14.01 MB, FPS & %4 151.55

Research and Development fiJf 72 & 257

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20264 55354 21
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[, % P AR AE — e AU LAy #U 5| N DFRFM
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P, S0 B 4 450 B 5 R Ak G\ GSNL Hi Kk iR
G, mAP@0.5 1T+ ZE 74.1% (+1.5%), FPS IKTI &
168.03 f/s, AT IZ A P AL A1 FAE VL BT 5 T IR I A
(T[N, A6 R T

SGIA 55 B AR FH N, 256 P AH 9 JR 4 RT-
DETR A8 KIRTF, i3] 177.92 f/s, 1H mAP@0.5 L3
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R R AR AR 30.1%. HHEFEHEFIAF] 201.69 fs, FR
UERETYER Tt 6.7%, Bk T SO R A [ 37 5t R AT5{R
SI &SR]

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2026 4F #5354 H2 http://www.c-s-a.org.cn HENRgGNH
F 4 SRR
AP (%)
Model mAP@0.5 (%)  mAP@0.5:0.95 (%)  FPS (f/s)
Pu Os Rp W1 Cg Ws Ss Inc Cre Wt
RT-DETR 88.1 71 507 856 842 852 763 504 852 70.7 65.3 30.1 189.04
RDGS-DETR 89.3 72.1 67.5 88,5 86.5 91.7 77 553 872 78.1 68.4 33.1 201.69
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* 5 xSz st

ik mAP@0.5 (%) mAP@0.5:0.95 (%)  FPS (fls)
Hik[21] 75.9 39.2 121.95
SCHR[22] 74.8 38.8
CHR[23] 73.7 — 73.46
SCHR[24] 74.4 _ -
YOLOv7 71.2 37.9 115.52
YOLOv8 71.7 39.2 169.20
YOLOV9 70.4 39.4 150.74
YOLOV10 66.0 37.7 162.03
RT-DETR 72.6 41.8 157.96
RDGS-DETR 75.4 42.4 166.51
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1) 72.6%, WiE# YOLOv7. YOLOvVS % i H bt
ML 22 HO0k LU SR, 72 57 1% (19 mA P@0.5:0.95 17
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G 4 ST A 2 T SR P e W T s P 5 288 36 P 0L 75 3K
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