CRYES XL Ak X F R (8 AR HAF KR Vol.47,No.6
2026 6 A Journal of Northeastern University ( Natural Science ) Jun. 2026

doi: 10. 12068/j. issn. 1005 — 3026. 2026. 20259062

QHN-YOLO : T [a) 37l 5B & B 5K 47 5= T SR B
il &%

£ om HOF, A x', LR
(1. BEWF TR RATSHZ¥, =/ BY 6505005 2. BUIFLT Y MERMES TR, =/ BYW  650093)

1 B EXTAAL R T B AR 5T A SO | 50T EE B B AR T B A A RS Y [ A, 4 —
T i) it 008 285 () G NS 72 QHIN-YOLO. 1 %% , W @t it Ak A< 4745 B QF Conv LB i S5 A5 45 RS M, DA T R U8
TGO AR i R B R . K KR A IR 25 TR 22 1 YL (HDRAB)R A C3k2 BEH IF4 i C3k2_HDRAB,
FHA B0 2 ROS RAE SR BCS A /NBBERAERE 7 . SR , IRy 22 6 30 4 D Sk (NVPD), AR 52 T4 0%
1R SR B M 7 PR R M SIS SR B Gk S B () mAP 3A 5] 80. 2%, IR HF SR 2. 8x10°, 17 AT
15N 7.1 GFLOPs. 7ESmIERE 40F T, B4 BERT 44 28. 9 ms, 4 I B 15 5] 34. 6 i/s, B4 Tk N AY
SERMRIN R 7). S ARSI T A A B L AR ek , SR T AR 2 1 P R I £ S 000 1z FH PR

X 88 iR YOLOVIL ;8RB BlFG s TR 24 0 5 A AL s w6 &

FESES: TP 3914 XERFRERS: A XEHS: 1005-3026(2026)06-0130-13

QHN-YOLO: Detection Algorithm for Steel Surface Defects
Oriented to Edge Deployment

SONG Peng'*, CHEN Xiao', HE Xuan', KONG De-hao'

(1. Faculty of Civil Aviation and Aeronautics, Kunming University of Science and Technology, Kunming
650500, China; 2. Faculty of Materials Science and Engineering, Kunming University of Science and
Technology, Kunming 650093, China. Corresponding author: CHEN Xiao, E-mail: mitoril027@163.com)

Abstract: To address the issue of missed and false detections of steel surface defects under
conditions of complex textures, weak contrast, and edge deployment, a detection algorithm
oriented to edge deployment named QHN-YOLO was proposed. Firstly, a quantization-friendly
convolution (QFConv) was constructed to replace the original convolution module, so as to
stabilize activation distribution and improve edge deployment efficiency. Secondly, a hybrid
dilated residual attention block (HDRAB) was embedded into the C3k2 module to form
C3k2 HDRAB, which was used to enhance multi-scale feature extraction and small defect
representation ability. Finally, a noise-variance prior detection head (NVPD) was designed to
suppress background interference and improve defect response discriminability. Experimental
results indicate that the mAP of the improved model reaches 80. 2%, with 2. 8x10° parameters
and 7. 1 GFLOPs of floating-point computations. Under edge deployment conditions, the model
inference latency is 28.9 ms, and the detection speed reaches 34. 6 fps, indicating real-time
detection capability in industrial scenarios. The improved model balances detection accuracy
and lightweighting and improves the edge application performance of steel surface defect
detection.
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JEE PG 0 ) K
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NVP Gate 5% 5k DA [] KRR HFAIE [5] v 12 J 5 g
PR SCREAR AR O 2 AR I
b 23 ) A A OG0 S B A . g S JIURE IE 3R 5K
R SR, 1T 3R 1 x 1 B 1R
AT IR A 5 R4, 5 DLIR BE W] g3 8 465 PR A
Jry T AR B AR AL, Fe T A 1 x 1 45 R G 3] PR
18 S 56 9 Sigmoid pREUH — 16 . X N A 115
RN

H{"=¢(BN(Conv,(F.7,))).  (@6)

HP=$(BN(DWConv,,,(H".W,))). @7)

g=05(Conv, ,(H, W,) +b,). (28)

X HY 5 HP U5y 328 b ) 5§ AE

DWConv,, s B K/ NS5 HIRELER W,

Wy, Wy 53 5 D 1153 SO R A B 3 b, O 1 %
VBRI B 5 ke IR EEAS B

25 I NVPD i i 5| AR 1145 45 300 3 2
O3 SCHEAT 23 ) A EE AR E (S0 X
F18) R 1 i 7 A5 38 40 ) T 5 SR o 49 4 R OC 1 o2
RS B E IS BB AL AR T E R —
T [v) 7 S5 M P o 100 23 A TR SR W, BE RS TR
AN R [ e B R I R T i i AR A A
TR T RS FEE, bt R 5 SR Bl 5] R
FTRA .

3 SLgRA R KA

3.1 HIE&E

R T IR FIT AR HE 4 R ) T SR AR SR
NEU-DET #4842V iF 17 50 50 iz B R 4R 17
PRELAT AR LI 6 Bk bE , f 45 2480 (crazing) . Je
Z% ¥ (inclusion) | B 5 (patches) | bk & (pitted
surface) | JE A % 1k } (rolled-in scale) il XI] J&
(scratch) , 4NI&l 6 iz , AP S A0 5 300 5K & A
it 1 800 5K I F- . F5 HR 8: 12 1 1% HL 491005 B 4 R
3 RN GREE R uE A Fni 4 .
3.2 XWiEE

S -5 5T Windows 10 84 R 45, #5 4%
Intel Core i5-13400F CPU (32 GB RAM) K&
NVIDIA GeForce RTX 4060 Ti(16 GB) %% ; iR Ji
2¢ 2 HEZR R H PyTorch 2.3.0(Python 3.10, CUDA
12.1). BN S HO BT < S A R oy B
h 64018 R <6408, i K /NNy 32, AR A K
43005 K F SGD flLfb 4% , ¥ 4h 2% > %4 0.01,
AR ) B AN

BEl6 NEU-DET $R#f & EmERF
Fig. 6 NEU-DET steel surface defects
(a)—34r; (b)—Fe W5 (c)—FEsi;
(d)—IFRAL; () —RARALE; (H—RIR.

ARSI it A R AN 2k, AR
UL i 0] e R A B ) B2 AR AR 22 L I R BV A B
5T 44 8 b AT b i Ak, AR SR A5 3 1 X
R AL, T SR FH O 5K i 0 3 Ak, IR AE T 1) 4%
& i Ay e, LR S R S ik
SIAR & A #WrR2ZE A SCHIGIT GG RS
LB 2k IR AERL AL S B Be A T B AR St
A —AJZ ARl G AT S, (4 R 25 A 5 I 7R 252
K —F, T THERE — B S 45 R T B .
3.3 EMigHR

KT B UEAS SO VA WA RO AR S gk
HIPAL P bR FE A 0 % (P) L B3 (R) - ¥0KG
#2 (AP) CFEIRE TR EE (mAP) S48 15
o R I (v). b A5 B TR A5 BB
(floating point operations, FLOPs) 3 7~ , GFLOPs
FEA AR TG L AT 10° T i is B8 5 A DU ekt B HH g
FRMTR (fps) &7 , RIS Y 45 F0  Ach 2y 5145 o
B AR AR

TP
P=Tpirp (29)
TP
R=TpirN: (30)
K 1
AP = P(R)dR 31
>/ paar. (1)
1
S P ar
mAP = N . (32)
O=HW (C,K*)C,, (33)
__ 1000 (34)
tpre + tinf+ tpost

A TP IR SR TE AR A H SRR I 1 T
TEREAS )Rt 5 FP 7 S PR SRR A (ELRR A L
DRI TEREA AR s FN SR S PR TEREAE
PO EE R IO A SRR AR B B O i, B
{23 GFLOPs; N A SR B AEG H, W C, 753
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A R AT P10 8 B 9 R RGE TE R K
&5 Co M E R 4 2R 2, 530 2R R
U4 FHR ST (V1] RS e B i) 0155 R S Ak B ]
3.4 XFLLEBB A

F 144 T QHN-YOLO 5 YOLO Z 51| i %l
1€ NEU-DET £t 4 L agxf lb g 1 Bk &,
QHN-YOLOV11 7E 47 4% 1 1k L ASE Y A 42 T B
T B I mAP, A 3] T 80.2% , i HA T 42 H 1Y)
3 T A A A A 2 T SR s A T AT 55 v B A AT
1 B[] £ E AR L 5 2k YOLOvIn A [,
QHN-YOLOvI11 ¥ i 2% . A 1] Z K1 mAP 53 5]
T ZE 77.7%, 74.0% F180.2%, [A] It 2 B h
2.6x10° 34 Jin & 2.8x10°, 157 & H 6.3 GFLOPs 1§
B2 7.1 GFLOPs , 3R BB R4 /NI 0 i 4 it

AT T B A 1 RE T

5 H A2 R AR L, QHN-YOLOVI1 £ %
B A 5 YOLOV8n, YOLOVI 2n Z542 3 1
AT U T S RIS B R BT A ARG
[ 5 & 4% A . 5 FSU-YOLO F1 HDFA-
YOLO 45 [f] 7] fif g 45 AR Ak 19 75 45 A8 B, QHN-
YOLOV11 7E A5 5 # mAP B9 [a] AR5 1 S AR Y
BT A Z B U I BR324 L A 2%
MFEFRFV] , QHN-YOLO 7E 214 | JFF 5 A1 AR
b F 55 52 Z B ARG R ) 45 TS B A, 10
BH T 52 7 3 X A 254 L 55 6] bl % I 52 2 S0
o B HRUE NG ) . LR Gk QHN-
YOLO TEAFE 52 2% 2 55 s 00 3508 285 5 vy M =2 ) 512
W1 BRI .

&1 YOLO RIHBINI LG5 R
Table 1 Comparative results of YOLO series models
B 1% A
e g .
A P/%  R/% mAP/% PP T EA o R GFLOPs
£ a3
YOLOv3™ 69.3 72.3 76.0 44.5 86.9 88.7 84.4 58.7 93.2 103.7 282.5
YOLOv3-tiny™ 60.5 66.2 66.1 30.6 84.2 87.3 64.7 55.6 73.8 12.1 19.0
YOLOv5n™ 73.4 70.4 75.7 39.7 86.0 86.8 90.8 59.9 91.2 2.2 5.8
YOLOv6n™! 66.8 70.2 74.2 45.3 81.4 91.4 83.9 53.1 90.3 4.2 11.9
YOLOv8n™ 71.3  73.1 76.9 43. 4 86.9 84.6 92.1 62. 4 92. 1 2.7 6.8
YOLOvOtiny®"  68.9 70.1 75.8 38.4 88.5 91.8 87.3 58.0 90.7 1.7 6.4
YOLOv10n®" 71.3 67.0 73.8 34.8 84.4 90.3 852 58.2 90.0 1.9 5.3
YOLOvlln 67.5 70.1 75.5 40.0 84.3 93.2 86.1 59.6 89.7 2.6 6.3
YOLOv12n™” 67.6 71.8 74.9 39.1 87.5 87.8 81.6 59.7 93.5 2.5 5.8
FSU-YOLO™ — — 79.5  47.2 86.9 94.2 92.9 63.3 92.3 8.6 22.0
HDFA-YOLO™  — — 78.3 50.2 87.0 88.6 87.1 63.7 93.3 — 23.7
QHN-YOLOvV5 69.1 77.7 77.8 48.1 83.6 91.8 90.0 61.7 91.5 2.9 7.5
QHN-YOLOv12 67.6 74.6 76. 4 34.1 84.7 93.7 88.6 62.6 94. 8 2.7 6.8
QHN-YOLOvIl 77.7 74.0 80.2 54.0 86.5 93.3 92.1 63.4 92.0 2.8 7.1

3.5 HBZEIERSH
9 ¥ £ QHN-YOLO 1 QFConv, C3k2_
HDRAB I NVPD 2585k X6} 4 A 2 T Sk 5 46 DU
PERE R TTRR , A SCHLBEE 8 231 il S, 235 A i
N2 TR, I S B 2 LN R 3 TR, Horpey”
FANIZ ISR HIRE AR

TE PR S8 vh No.2 5 A QFConv i , Kl
F 67.5% T & 75.3%, 4 0] F % F 68.5%,
mAP $2 7+ & 77.1%, i A 7E T QFConv 5| A T A
BB 2o AR () S A R R, S T
Mg 5 00 T S SO B S TS AT T T
Xif 4 B S0 B [ 1 i R — ECME  No.3 51 A
C3k2_HDRAB J& , mAP & 7+ % 77.8%, H 2 L0

Rl 9K 288 0 G DN A BE 4 TR T R, W B A
C3k2_HDRAB ifi it 273 3 5% 22 & I 5 4 Jay 9 il
T TC RO SO R AL B G 2 SR8k i
P B BA SR B S5 F S R AVE T No.4 Bl |
ANVPD J&i ,mAP 2T+ % 76.9% , £ 2 Z2 S0 H
e Y 2 b R ORS00 R O S
R VRAG AT BT XA A

TERUEHZH A, A B 52 T I a7 2k
% il .No.5 414 QFConv 5 C3k2 HDRAB J5 ,
mAP 5 77.9%, B IKSE T A IR, EEAE T 51 AWM
C3k2_HDRAB i [i]] T 5 K Jmy #6F b 5 300 25 il
INf, AR 52 T A A A 43413, i QF Conv [
A TR PR S R IR AT AT O JOR R R
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BT 24 R 55 5 0 5% 34 58 6 ) 1 43 AT b AT BB AT
FE—E MR R , P I AU 2 5 (1) $E TR I
B4 K No.6 414 QFConv 5 NVPD J& , mAP Ky
77.3%. Horf, e A SRR B R IRG B2 34 51 66.8%,
Ry AR B T Y R {E, 3% 322 K QFCony
P BETRRE A 40 A, NVPD 1y [ 1 KT )
BN A BRI L, BRSO P A s IS Y
For MKG B2 A P2 T4, (0 i T G5 Ry 1 0 | (A4
THATy 32 BR il . No.7 44 C3k2. HDRAB 5 NVPD
J& . mAP 35 £ 78.4% , A M LT+ 2 76.0%, &
A A A TR B W 5 A ] B RAR

P8 QFConv, C3k2 HDRAB 5 NVPD 7£ ## i 4
FE AR SR AN 4> JEAGHE 3 AN Z R K T B AME
FH A A5 50 A ARG 00 ) S5 5 7 5 5 o ARG I K
B 22 1) A T 5 4 4 ) vk BE R B . 5 I R
QHN-YOLO 1) Z 4 it 5 11 57 1t A 43 51 38 Jn )
2.8x10° 5 7.1 GFLOPs, Z ¥ iy 4% & £ 2ok A
HDRAB 5| A 25453 32, 3 AR FE R K 47
it JE ity O35 8 1 S W e A A R
F2 HRMIERBEHRE

Table 2 Structural configuration of models for
ablation experiments

b Ko SRS 1 40 R 21 58.1% . 1368 NVPD () H Eﬁ*ailﬁ QFConv  C3k2 HDRAB NVPD
R W 4 S AR S U AT . ; _ -
B 5 ARCUERT , 1RO 25 32 2 i A RHIE No. 3 _ J _
FarE e . No. 4 _ _ J
3R AT 5] A S , QHN-YOLO [9 1% No.5 N v —
iR AL THE 77.7% , A FPRFE T2 74.0% , mAP 12 No.6 v - v
T1 %1 80.2% , A% No. 1 43 B T} 10.2% , 3.9% Fl No. 7 — J J
4.7% FETE 6 JSBRIG |- BB R I R x  _QIN-YoLo Y y y

£33 HRLBER
Table 3 Results of ablation experiments
DR B /% o
WESCE  P/%  R/%  mAP/% WE AW B A f/\ s SHE<107 GELOPS
Ak

No. 1 67.5 70.1 75.5 40.0 84.3 93.2 86. 1 59.6 89.7 2.6 6.3
No. 2 75.3  68.5 77. 1 41.6 82.4 91. 4 90.9 62.3 93.8 2.6 6.3
No. 3 74.2  71.0 77.8 46.9 81.3 94. 4 88.9 60.9 94.2 2.7 7.0
No. 4 72.9  69.2 76.9 44. 6 85.6 88.7 85.4 64.4 92.6 2.6 6.4
No. 5 72. 1 71.3 77.9 50.9 83.8 91.5 87.3 63.4 90. 5 2.7 7.0
No. 6 72.1 73.2 77.3 41.0 85.0 91.6 87.2 66. 8 92.3 2.6 6.4
No. 7 68.5 76.0 78. 4 51.1 86. 8 91.5 91.7 58.1 91.0 2.8 7.1
QHN-YOLO 77.7 74.0 80.2 54.0 86.5 93.3 92.1 63.4 92.0 2.8 7.1

3.6 tREFAIM S

H HE QHN-YOLO 5 YOLOv 1 1n [ 5E PEFS:
2% 5% , W NEU-DET %045 5 Hh i 45 28 Bl R AR
HEAT AT RRAR XS EE . HERE 15 B i A BSR4 B R
RS H 64012 K <6408 & B AFEW{E 7 025,58
I LU B R 0.70. &1 7 25 Hy T 1 AhoRE 25 f4) 4G ) 4
A RELR A QHN-YOLO 7E /N Bk L 52
o PRTS 5 5 AR EL B BB T e R S R R 3
A R D, U HAE RS EE TRE IS Rt BT 5 R
) AR o 5 T AR (9 4 A AL, W 4R Y el
HEAT B T R 2415 50 BRI AT S

h T HE— A K QHN-YOLO Ay A6 il 4 fit
AR SR A BE AN 2 T 5 (Grad-CAM)

O B35 T A R R (4 1 B AR AR AE TR A SR L B
3 VLR LA U8 ASE A6 (18 D 7 XI5 AR Sk B
T 6 S E R AT A ) A3 B % 25 SR dn A
8 i . I P SR CE bR 1 EL LB , 21 (B AERR T 2
FIBEH R ] L A 245

HARRT X A S R mk it 24555 1Y) i
FAAEAS , YOLOV In [ s 3800 Xk 2 3 0o A, O
T B ] R S0 DX Sk 8 B A3 X DA i A 1)
T WG 3% £ Wi 1% 3 QHN—-Y OLO NI 75 B 4 4E J& J7 [1]
I R 5 P R W 7, LT S SO A X BRI
A B ARSI A B — B0t o T B R 5k
X L JEE A s 1Y B B AR AR, QHN-YOLO Y LTS +2
B T PN A AR T B AL A S DX 3
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/05 YOLOV 1 In FEHB AR AR A i 81 858 R [
BSOS AR T B 5T S B R k]
WAL LE 0], QHN-YOLO 7E Bt X s 5 £ 75

P 8
%

patches 0.87

potches 0.85

Rk 7~ R o
croz (o oo Pt
QHN-YOLO [

zing

potches 0.83

potches 0.83

S A 5 2 ] — EPE Dy i e TR LR, A
S TT 55 0N BRI 7 5 4 0 B AR RE 1 ) il
M

scrotches 078

scratches 0.76

scrotches 0.67
scrotches 0.65
scrotches 0.41
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pitted..surfoce 0.51
pitted_surfoce 0.46

scrotches 0.68

scrotches 0.62
scrotches 0.59

scratches 0.39
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(d)

7 KRR
Fig.7 Visualization of detection results

(a)—380; (b)—Jed=2W; (o) —FEd; (d)—hkm; (e)—EASEILE; (H—XRIR .

YOLOv11n |

QHN-YOLO |

| REMERSE | | SarsmeemssR

El8 Grad-CAM#& ML Rttt
Fig. 8 Comparison of Grad—CAM detection results
(a)—240; (b)—JR Wy (o)—BEai; (D)—Mal; () —RAZEMK; (H—RIK.

3.7 HMEEBHF

A 2% 1T Sl o RS T 3 R T i S R A T
TE AN 0 A A K TR A, DA S Ab
PHAYESR N PEAE QHN-YOLO 75 % 5 57 FR V- &5
B S BR MR RE L AR Sk T S 3 AMD Ryzen?
7840U 1Y /N AL s B A AR AN & B o
8% 16 L FE ) Zen 4 BEA IR I RERS B AL P2 , 4
i Radeon 780M #% . Jf 5 R gL W fF L 52 B A7 . 78

Windows 11 1 ONNX Runtime [ FAR T, 7] 1
FHAZ 0 AT N AE R AR RA o 5 P e —
BETHE T W & 25 5 2R i AR A
Ak VERE , PR b B 3 B i 0] S 28 FsF ) G 0 3k
SR A5 R NER 4 P

STEG 45 R E I, QHN-YOLO 7E 1% F & 1)
R AR OL T A, 5000 s 1 =t i al 47
PR YOLO R IR S FHHE B B 7 1l 2



% 64 R

4 : QHN—YOLO : & & 3% 0] 3 - 64 40 A4 & Bk 4 e 5ok 141

A AL ARAT 32 B Ly B = 1 B i 24
FIVGE VR AE , ME DL L Tl 37 5 09 P2 4 E5K M
LE T QFConv BEHR ALY , QHN-YOLO 11y
K IR MEAT ARG L {0 mAP AT 44345 i K - . 45
HHF ,QHN-YOLO i s 1 5t PE Ak, #2514

F4 mE

BRI B AR 0, A0 B T 28 34,6 Wi/s, if
FERFAR 2 28.9 ms. S 45U 4 QFConv Y B A 7F
i 3 BE s A, {5 QHN-Y OLO H5 5 768 i 5
ST Z ) SEBL T e, S 7 g 0 B i AT
TPk,

WiEREXTLE

Table 4 Performance comparison in end-to-end experiments

P WARCTER  WAMTIN mAP/%  BEGEx10° IE/ms AT BE /(s
YOLOvl1ln 640%640 1 75.5 2.6 36.0 27.8
YOLOvI1In-QFConv 640%640 1 77.1 2.6 26.4 37.9
QHN-YOLO 640%640 1 80.2 2.8 28.9 34.6
[ 4] Saberironaghi A, Ren J, El-Gindy M. Defect detection
4 Q':lj: i/lj\, methods for industrial products using deep learning
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