MRS ISSN 1003-3254, CODEN CSAOBN E-mail: csa@iscas.ac.cn
Computer Systems & Applications,2022,31(4):68—80 [doi: 10.15888/j.cnki.csa.008433] http://www.c-s-a.org.cn
O E RGBT TR . Tel: +86-10-62661041

B YOLOvVS &7 $M A i [ A8 ©
T kg, g, ko

(L ZREFIR 5 B 5 UL 2R, UF 250101)

(AR B RE R SRR H SR 00 =, VP 250101)

B 5kig %, E-mail: yczhang@sdjzu.edu.cn

O PR B AT WA AT SR SR ATRL, o AR B A I R L IR R I3, o B A AR B R AN
AT HOIRTT. AR AF A S T A . BARRUEANG — . A AR E . i 5 7 RS SAFTHT 2 1A 76 S 124 25
AL Bt BRI, SR T R G  YOLOVS BEAUAMEZY, DAREAR A AR AN B PR IRASR . RA . B0t 400 19 i T 40
PEERFRER . A A TF I K B A HLAE A5 o [ R AE 25 55 1) i) R, 1 00 07 o TS0 42, {36 P 1 B BhAmidvdaxsd 4
PR HEAT AR, 1K FH HAH 16 i S50 80 39 o 1 BB SR AT A B 2 7 YOLOVS H i W9 2%, 3907 [|] <8 - 2%
1t (spatial pyramid pooling, SPP) Mi/)N H AN, BASRESE K () 4RAE B A6 AR B - BE A (feature pyramid
network, FPN) Fl§42 R A& M 4% (path aggregation network, PAN) it 2 FRUERHE Bl &, 52 m 25 4/ B AR RS 2.
7f Data Fountain %Wﬁﬁﬁ'ﬁﬁ%iﬁﬁ%ﬁ H AR A st T 2 A R SEER At R I, B A o B
YOLOVS5-P2 A5 XA, i ] (144 00 R0 SR e 3, 404 3 o TR ~F- 20K B2 )M (mean average precision, mAP) i3] | 99.9%,
LT YOLOV3. YOLOv4. ScaledYOLOv4 BL K& YOLOvVS F i VE, AL mAP 53 5T T 9.6% 7.9%-
7.0%. 1.1%, ££ 1) FLSEPREE A T 2EA7 WA #6 B8e € R I, EMAR B T S aa B A MRS FE 42 7 1
2.1%. WIHEE YOLOVS (1) 3=/ 2% v SPP A A7 BRI IG Iner il J= B Re % i 25 SR T+ 2 45 /N H A RS B2, BE 4 (1)
SR 5577 v 1] R R AL, BUAS 99.9% FAISF- 50 FE 34 1AL

KRR VR JE % ) YOLOVS; Hdls 3 o A0 TH 28 %6 45/ B ARAS I Al 7 v, AR ph e o 4%

5l FME R T, 5KE 8, VAR, TR BT 203 YOLOVS S3035% 10 40 5 o T A I+ ML R 4287 FH ,2022,31(4):68—-80. hnp:"//wxévw.c-s-a.org.cn/1003-
3254/8433.html

%
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Abstract: A steel bar is anindispensable structural material in the infrastructure industry, and accurate counting of steel
bars is an essential link in bé)th the steel-bar production process and the construction site. There are some problems in
steel-bar bundles, such as dense end faces, non-uniform diameter scale, end-face boundary adhesion, fusion of end face
and background, and end-face occlusion. To solve the above problems, this study proposes an improved YOLOv5 model
framework to reduce the missed detection rate and the false detection rate of dense small targets. Considering the scarcity
of the steel-bar end face dataset, the absence of a large public dataset in this field, and the weak feature of the steel-bar
end face, we built a steel-bar end face dataset with the semi-automatic labeling method for dataset labeling and the data
enhancement algorithm for dataset expansion. Moreover, the backbone network in YOLOvVS was modified, and the spatial

pyramid pooling (SPP) and the small target detection layer were added to obtain larger feature maps. The feature pyramid
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network (FPN) and path aggregation network (PAN) were used to fuse multi-scale feature images to improve the accuracy
of dense small target detection. Several groups of control tests were designed based on the Data Fountain steel-bar
stocktaking competition dataset and the self-built steel bar dataset. The experimental results show that the improved
algorithm YOLOvVS5-P2 model has the best performance on the steel-bar end face detection, and the mean average
precision (mAP) of the steel-bar end face reaches 99.9%. Compared with the mainstream algorithms of YOLOV3,
YOLOvV4, ScaledYOLOv4, and YOLOVS, the proposed model has its mAP increased by 9.6%, 7.9%, 7.0%, and 1.1%,
respectively. When tested in the real environment of factories, the model has stable performance, and its detection
accuracy is improved by 2.1% compared with the original model on the test dataset. The position modification of the SPP
module in the backbone network of YOLOVS5 and the adding of detection layers can all significantly improve the detection
accuracy of dense small targets with better edge feature extraction of the steel-bar end face and an mAP df 99.9%.

Key words: deep learning; YOLOVS; data enhancement; rebar counting; dense senall target detection; detection method;
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@3.80 GHz 4bF 2%, NVIDIA GTX 2080 Ti . 32 GB
RAM. 3 TB HUMAEAL, #:1F R 402 Windows 10 64 £
ARG, dmFEiE 5 N Python, IR 2% SIHEZE N PyTorch,
GPU Jini# £y CUDA10.2 Al CUDNNS.0.
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3.1 RENIZ

YOLOVS 4 B 1145 0 A5 284 A58 Y PR R 55 2 ST HE 4
4 PyTorch. YOLOvS BE I Gk IMI 46 S 50 e A A1
1k 2848 FHBENLES B2 T B% SGDP?! FIl 43 5% 2 3] 3 R Tk
TEME KA LRI 2%, WIUH5~ 21 % (learning rate) 4 0.01, 5
ZIE PR FE N 0.001, EAIREL (epochs) ¥ 1000. #Hh4b
R/ (batch size) N 8, Sh&E K F R 0.937, fig N1
SIHEER N 640%640, BB TKFBUE Apox = 0.05+ Acont = 1v
Aets = 0.5+ Aobj = Iv Anoobj = 0.5.

R R L5k NG R I, [F YOLOv4 L2l
KH T Mosaic™!. Cutout™! &5 7532, IbAMEAfE A T &
BB, SURFEE . XL WAL S, g s
BEMLAE . BENLEHY (random crop). #F%. Weft. Bl
PR B 25 Hiifs 1 5 7 =X
3.2 KBRS -

iILﬁE&iH%dFV&%@FAﬁ 1 1
KFERE T KR B’Jﬁﬂmﬂffﬁim PEfE éf‘a jj
T A A i T2 /0N E AR RS I RICR, 7R R AR
W 2% BN P2 KAE=, IFAE head JEHEINEE 4 /\ﬁmtlj
2. 5EMEHE RN, S0 YOLOVS-P2 fAY )
mAP F1 FPS WiZE 1 Fiw.

1 RIS B ARSI E B g

WA Aug.  K-means fiHHZEZ  FPS  mdP (%)
YOLOV5x v N 3 35 98.8
YOLOV5-P2 v \ 4 28 99.9

TE: IR R BB BARAE, “w Ron R AE A, N R

fe 1 ], Stk fE AR E 3 T 48 P2 Kk

B Head #1505 4 20T, BRI 040 A5 GE R K, |

{E Neck J= B H 24 BURFE, 42717 /) FAS R
&, mAP 1 1 98.8% #2271 3199.9%, Precision H‘ﬂﬁﬁﬁﬁ:
T 80% Ci itk JEERTH B 95%. T I 5 AT T FAAIK,
ITE ear
9T R B TE B R 1 B AR IR BT KN, AR SCHE

T 6 Z5% 7 22 A SPP ik, 153
YOLOvS5-SPP 5, 48 K 852 B $2 1 8 2 (A 4FAIE, R4
THER A5t T /1> EARAS RS 2. X6 El g SRk 2 B,

2 B SPP RLHAL B I A SR

WA MR K-means Backbone 6~7 SPP FPS mAP (%)
YOLOV5x N " 35 98.8
YOLOV5-SPP S v 33 99.8

T ML BB SR A, <w TR ARAT A, N R

76 EitLEiR Special Issue

AR ST ARSI s 2 R A i T 7 2 5 S U1 2R B
P8 b, K R N D ) A T U AE PRSP 20K E ¥ ME
mAP AE A RO ) B BR .

N T R BT (R W5 AR I 2 R i DA S A A
R 2 AR AR $R OB, R S0t A S R AL (A D 2
HIREAE B (feature map) #E4T 17 ATAL4L. Wi 10 R,
HrbE 10(a) AJREL B 10(b)-El 10(d) AR iEH R )
2 T ARAL 45 51, P 10(e)—F 10(h) e A5 AL 4G
JZPTRLROR. tesodt A (1] 10(b)s B 10(e). BIZNH
FRREAE T LA Hh it T 10(e) I T RLAL ROR B
t, 55 E 0 R B %] BT RE6 2, B BRI H e
BFREFE, PO R AR BT 55/, RS AR T/ H R
Kol R

AR TR AR 5 R 4R YOLOVS R A 347 5%}
E4h, 3£ 5 YOLOvV3. YOLOvV3-SPP L2 YOLOv4
A ScaledYOLOv4™ %5 3= i S i H ARG I 47230473
RRSEIG 0T L, 25 RN 3 Biizs. &, Augmentation X
TR AT HAE G 98, K-means A5 L2 75 %4l 4

HEAT L, epoch R INZREAR I IREL, 18 L 126 A [F
FA AR B SR B0 5t SR I RUR
AT K-means T2 A7 BRI SAHEN [10, 13],

[16, 301, [33, 23], [30, 611, [62, 45], [59, 119], [116, 90],
[156, 198], [373, 326], #4T K-means 52 J& 4 S AE
4 [18, 30], [18, 34], [19, 23], [19, 2*7],‘*[20, 31], [22, 29],
[22, 33], [32, 42],.[39, 67], YOLOv5-P2 %A F fr) 4
BAEN (17, 31, 'il7 221, [18, 271, [19, 32], [19, 30], [20,
24], 120, 365 [21, 28], [21, 311, [24, 33], [33, 43], [39, 67].

R BRI AR b, A SR
YVEAE Precision DA mAP YWHUS &AL, R K 0
(1) T RO R ARV S A IS BRI
#%, M 15 21 58 4T A B M Rz AL AHELT YOLOV3,
YOLOv4 BRL ARG T SILU BUG k4, 5
Lekey-ReLU AL, SILU #f B2 5238, fR 5 R 14 5 4
H IS £ 3R 45 B (2) Neck W45 5 YOLOvV4 14
RUMBAAAR LS ] SPP 5 PANet 4544, SPP FIH 4 4
WABAZ KNS 3R 13x131 9x9, 5x5, 1x1 BEATALHE,
255 K BE 23 B8 H B R 2 1 R SCHRAE, 2SR ST R
TESEH, WAL J5 FRBEAT HE S ; PANet 45442 —Fh s 12
HURRAE sl oy B 50, W RREHE FoRFE . S5
MES, Z G HT PR HE, AN SCRIRIE R
H Mosaic #4858, 78 1 i £, 39 Kb/ B s
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Hoi: BEHLAE A 2 5K K REALE B, HoE I BEHL4E omT RS SN H AR BCRA TR KT, IX e 1
PASRASAR 22 /N H b5, iM% & ek S 7. i@ id L B L ARSI ZR R

(c) JRAEAY P4 |2 (d) JFALAL PS 2

S i -

(e) k)5 P2 24 (f) Bt )5 3 )22

K10 RHEEATALLL

Wik 3 HETR, 205 UK 3 H bk A AL R 4 epoch 4 200. YOLOvV4 #5745 YOLOv4-CSP £
FH AR [ ) 8 S AT UL 25, b YOLOv3 #E4Y ¥ITE Linux 5 NG, i YOLOv4 BB 1A
YOLOv3-SPP A1) 7E Windows 10 345 T #EAT 1), % B R N 608x608, YOLOvV4-CSP A 4 A & R
NEF REE N 640%640, batch size A 8 IR HTEAR K %4 640%640, batch size 24 4, YIZRTEARIKEL epoch

Special Issue & itZ5ik 77

© PEBSERRENTT  hupdiwww.e-s-a.org.en


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

i E R %N

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

20224F #5314 H 4

o 500. Y545 BN AL 5 I 7E 330 skilliX4E ik E &
{5 BEZ 4L conf=0.15, ERKAB P B{H 10U=0.45 i
TR 1S3 mAP 185 LK FPS.

BILL 45 T 3 AN 3 i 1A DU 2R 1K) mA P A LA

J& P-R i £2 [, gl 28 1 /8% YOLOvS-P2 #i%
g2 2 /AR YOLOvVS B, 40 (il 28 3 /0%
YOLOv3 #8Y. Hy it 2k &1 v] &N fedk 5 1) YOLOvS-P2 #
BRI B T 53 A PR AN L.

T3 ARG IRV Rk S B0 A WK B X Lt
A A AR R image size batch size ~ Augmentation Epoch K-means FPS mAP (%) mAP@0.5:0.9 (%)
YOLOV3 640 8 N 200 . 62.5 90.3 69.4
YOLOV3 640 8 " 200 J 62.5 86.9 66.6
YOLOV3 640 8 N 200 S 62.5 93.5 72.7
YOLOv3-SPP 640 8 N 200 » 58.8 93.1 73.6
YOLOV3-SPP 640 8 . 200 v 58.8 86.61 | 66.6
YOLOV3-SPP 640 8 N 200 S 58.8, 93.5 = 72.1
YOLOv4* 608 4 N 500 = g 517 92.0 -
YOLOvV4-CSP* 640 4 N 500 § N s5o@ 92.9 73.4
YOLOVSSs 640 8 v 500 y Ve 71 85.2 57.9
YOLOV5x 640 4 \ 500 & W 35 98.8 80.2
YOLOV5-P2(ours) 640 4 \ “ 1500 S 28 99.9 85.8

I T AN IR, <o TR AR, “\/”ﬁ%ﬁﬁﬁj “PRIRARAT I < FRAE Linux R GE I R

Al

1.0 -
ih
25
08 | !
ek 3
< 06|
8
&
Q
2
&~ 04 |
— Rebar 0.999
= All classes 0.999 mAP@0.5
02 | Rebar 0.988
) = All classes 0.988 mAP@0.5
— Rebar 0.903
= All classes 0.988 mAP@0.5
0 1 1 1
0 0.2 0.4 0.6 0.8 1.0
Recall
11 AR PR #iZk 5 mAP {H

12 45 T ARG 5 ) YOLOVS-P2 #5584
IR 2, 2R mAP@0.5 K HEZ Precision.
B[ 2 Recall AR N ZR4E " BAF4E () B b5 5 6 B HE S5
S, BT AR SO A B 2 BRI B8 B 4 2
PN EYS

1§ TensorBoard Xt Il R F2 AT /T A4k, W AEAL
S5 R 13 PR, BB RN 640%640, batch-
size=8 W I ZR I £ . ] 13(a) &2 mAP@0.5 (IOU=
0.5) £k, BRI 10U=0.5 i, i+ 5T A B 8 —K
AP 1H; & 13(b) & mAP@0.5:0.9 £k K& FIR7E IOU
AFEBE (M 0.5 2] 0.9, 2K 0.05) (1) mAP 1H; Kl 13(c)
FoR ISR TRMAE S 26 1 1] 13(d) RoniRir % H
Frdi ok it 2 I ] 13(e) RS0 iE A I AE 453 2K itf 26 &,
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13(0) Fon il ZRE B Anti ok th £2 &

B 13 AT LLE H, ot J5 IS BEBYTE mAP
@0.5 M2k (Hhk 1. #Zk 2) LK mAP@0.5:0.95 HiZk
Pl R BB A, X 1A R A W S ) 1 AR . & 13
2k 1 /& YOLOvS-P2 #8!, fik 2 /3K YOLOvS-
SPP B fh2k 3 0 YOLOvVSx B, f#hzk 4 /0%
YOLOvV3 #55, fi2k 5 143& YOLOvSs #5584, 75 Il x4
I LA R B E 451 2K #h 28 I H YOLOvS-P2 B (il 48
1) F YOLOvS-SPP #E71 (ih 4k 2) 451 2% 511K, 15 B A Y
TIWHE 5 F S HE SRR y . "

Kl 12 éaty T BB — B VIR 3 R,
5 B 2 A AR 15 B B B2 1B conf=0.15, NMS ]
5 LOU=0.25 4505 S5 T RO 4 8L PRI P ] DA 38,
X H AR FAEAERGIE 1S OL, YOLOv3. YOLOVS th
PRIRRS, D0 JS 1 YOLOvVS-P2 U RS 6% HERA A I HH, 5t
AH S0 S5 AT /s H A R 25 R A AR K 7t

134T MBS HORE — S I % 3 P
A4, ¥F Data Fountain i #0541 1% & B 15 & RW1E
conf=0.15, NMS {f 10U=0.25 4R 5 s T k6 300 ) 2
R, B H i 2n 15 ERT LLE H, YOLOvV3 A28 AT YOLOVS
SAFAEIERS . SRR sm i B A A IR . R O, 1
YOLOvS5-P2 452 B i A 00 2140 5555 B A, 1 B el
b5 AR TR T A H i A R I B A AR SR I O P A
RO,

M 5 YOLOvS-P2 BEAUAH G T et BT YOLOvS
AL, S0 T 4% BRI P2 SRAE )R, FHAE head JZHE N
4N E, BHASEPR RS B EFEE, B AHE
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9 NHEINE] T 12 A, JBREZ B I/ INRFAE B R K RES 1R T I PR Mosaic 1 95 DL 28 51 2 1R, PRI x5
XN HARIIR I AR, 5 YOLOV3 BARLH LA A T3 b H AR I RCRA BRI TT

0.10 0.40 pr— 1.0
0.04
0.0 0.35 0.9 0.99
: 0.02
2 5 0.30 " § 08 S 0.98
8008 g 05 g 0 g § 0.97
0.07 ~0.02 07 0.96
0.20 0o
-0.04 0.6 95
0.06 0.15
0 500 1000 0 500 1000 -0.05 0 0.05 0 500 1000 0 500 1000
Epoch Epoch Epoch Epoch \ Epoch
(a) Box (b) Objectness (c) Classification (d) Precision \ " (e) Recall
o ] il
1.000
0.075 032 0.04 f 0.8
0.975 -
0.070 0.30 0.02 Y 0,950 207
2 %028 2 e b
5 0065 = o6 g0 < 0.925 §)0 6
0.060 ’ —0.02 g <
-0.04
0.055 0.22 0.0 0.875 0.4
0 500" 1000% T 0 500 1000 -0.05 0 0.05 0 500 1000 0 500 1000
Epoch ¥ Epoch Epoch Epoch Epoch
(f) Val box (g) Val objectness (h) Val classification (i) mAP@0.5 (j) mAP@0.5: 0.95
12 YOLOv5-P2 # A1 45 iHh 2k B
1.00 mzk2  [ZE | 0.09
0.98 H— =L Dl = -1 090 | . % 5
0.96 (M 2k 3 085 | 0.08 k""“““wﬂm
v
- 0.94 2 080 | 0.07 Mw-{vwm-ﬁm—'ww
S 092 @ 075 | , 006 K HirZs 1
9 o090 | = S 2005 f T |
§ 0.88 Mk 4 g) 0.70 = 0.04 2k 3
0.86 3 065 0.03
0.84 AN e e 0.60 0.02 | :
0.82 .r’f- 0.55 \0.01-' - 2% 4
£ , , , - ~ 0 b , , , ,
0 100 200 300 400 500 0 100 200 300, 400 - 500 0 100 200 300 400 500
Epoch Epoch:‘ a Epoch
(a) mAP@0.5 HhZk & (b)) mAP@0.5:0.9 Lk H (c) VIZEE box (THIIAE) i 5% i £ &
|
0.7 } 0.08 0.7 F
2% 2 %2
06 | ek 2 0.07 N - A 0.6 i
05 P %3 8'32 M/{ dl 0.5 P HI%3
. e w (). AR 7] T Me——
204t gy | 8 (S—i | 204} s
2 = 0.04 - 2k
03 - i 2% 4 0.03 L 0.3 L
53 \ Z —
0.2 piiZ T 002 | e 0.2 piizk ————
0.1 - 001 | % S — 0.1 |
0 : : : : 0 : : : : 0 : : : :
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
Epoch Epoch Epoch
(d) BEIFEE obj (B br) Bk ik A (e) B UEHE box (TRUNAE) 451 5% ith & () WIZR4E obj (HAxR) 185k 2k A

K13 SRR 2 il 4 0) L

9 30t A B0 i AR AR R T R R I ORAR ] BB R SRS 2 AT DR A5 2 i 45 R Ak 4 Toms,
PE, £ 330 5KUIZRER b v B AR [R] A BAS B (R A AR AR oA Ja 0 SA AR R AE DI B _EAGH N B VRAG SR AR AR R
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B BRI, IERA A T O RT3 T T 2.1%.

4 F5RE

) 5 A F ARt AN — b AR, RS AEL PR
MR S A B ERE AN TR AR A EE
B AR A SR 8 A A5 i 0 P AR A, R T S I
YOLOvS HERIHESE, Vvt 1 — P40 7 o 0 A 20 5
ARSI EE TR (1) B H RN B S
HL SRR L 3 5 S 4 (0 1) L, B 1 — > 3 A i
MRS, FEHKYE. BEESRR. REOEBRT.
BE L3 BY 55 J7 R AT S 38 i {5 FH VI 2R 2R 0 2
AT H bR, (2) @I S YOLOVS 45 25 14
{5 A R AIE U SZ P K, IR AR B & I 4% (PANGet) B
PR HUE 2 1) B AR A ZRFE, TS T T %5 5/ H b
(RS ARG . SIZH6 85 SRR IR, A S 75 3 A A 9 i 10 e )
I mAP Fl Precision %T‘éﬁi’ﬂlﬁﬁﬁ%%: eI 2
S IR A 00 £ 32 Aty b S5 5 B TR 5 4 A A A 1 R
R . ARk TAR K 2 R it — 20 2ot 0 28 25 R R )2 T
LR IEAT SR, AR CRAERS £ 0 Al bt e 0 T

R4 AEMRE L ARG EE X
. W R R R RRE EmR
B (i) (5K) (5K) (%) (%) (%)
YOLOV3 20 99 224 606 30 6394
YOLOVS 8 6 316 242 181 9577
YOLOVS-P2 6 1 323 181 03 97.89
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