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Abstract; Aiming at the problems of more complicated structure for the baseline YOLOv8n detection algorithm and a
large number of parameters and computational complexity for existing helmet wearing detection algorithms, it is difficult to
be deployed at terminals, a lightweight detection model based on FEV-YOLOv8n is proposed. A lightweight FasterC2{ mod-
ule is designed to improve the backbone network of YOLOv8n, realizing the reduction of parameters and computation com-
plexity of the network; the EMA attention mechanism is introduced into the FasterC2f module, fuses spatial dependence and
positional information, establishes long and short-term dependence relationships, and enhances the attention to the target’s
representation, so as to improve the accuracy of the model’s detection; and the VoVGSCSP is used to improve the neck net-
work, and improve the recognition of occluded targets as well as small targets; Experimental results show that compared
with the YOLOv8n algorithm, the improved YOLOv8n model reaches the map value by 92. 5%, reduces the size by 20% ,
the computation by 18. 5%, and the parameter quantity by 15. 7% , which provides a theoretical reference for the lightweight
of safety helmet wearing detection.
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HEWIF R | Anaconda, CUDA 11.3, CUDNN 8. 6. 0 M IR /s AR /s s | BEE

4.2 HEEESYUERE

SCHb A R B AR R R TN T 22 A R A R )
#idi. SHWD (Safety Helmet Wearing™® ), 3%} %k 4
BTN B 5 O 2 B dh B — A 5 02 7851 sk IK v M
TXT b2 . ZBAG LA HPIRZE: “hat” £
AN 2 A, “person” R B ML L A2 0E . Kk
S BB SR R BN 4 (T0%) . BRIESE (20%) A
WE A0X%) By pIR) 4.

BRI Rt S50 R

D fhtkes: Adam

2) EBRE T PEF: 640 % 640

3) Batchsize & : 32

O BRI 0,001

5) fg# g% 0.000 03

J& 10 %% & Mosaic FIQEUHE 3 o 5 1 . 185700 BiC gk
J& 4% O I RS BTN 45 .
4.3 EMIER

Yl (4 A5 T 55 R TP Al 38 AR R AT PRAG L A IR A
RGO HERA P, A 3OS 5 BT i T B PR AL AR AR O A el R
(Recall) ., #E#G3% (Precision), AP (average precision)
Fl mAP (mean average precison) 4 ffr, #E# T E )
b7 (1 /S W G Y DI 57

P

Precision = TP I FP (14
AEPRGFE %, AL (A5 FiR:

_ P -

Recall = TP - EN (15)

Hop: TP R8I 804 & b IEAEAR B . FP 2OR
BRI E N IEREA 1 B . FN 2R 15 6 2 7 o B FE AR
MR .

AP 8%, Ak (16 W

AP::J‘PRdr (16)

AP JA R FEA NI P-R £ T g0 .
mAP WA Tk, e D Fros:

_ Ls
mAP = — 37" AP, an
mAP J& AP (T4 5 T B

4.4 BELSRRHXTIXE
JNUEW] PConv B FRAYRR AN RAL. BB Hilse . 1E

Conv 22. 447 0.004 49 223 | 77.58 G |147.840 K

Depth-Conv | 22.612 0.004 52 221 | 9.731 G |18.304 K

GSConv 24.796 0.004 96 202 139.762 G|75.712 K

DCNV2 98.214 0.019 64 51 |16.576 G|31.387 K

PConv 11.438 0.002 29 437 1 5.100 G | 9.472 K

MF 2 0] LLFE H, PConv % MY %38 17 i 8] K
11.438 s 58, FHUILE LR 5 F &, PConv 2 P il
BAF . SRR R R, BT PConv LY
FasterC2{ i& I F YOLOVSn [ T W 4 (1 4% 4k .
4.5 MHTEMNEMIER S

YOLOvS [ 25 i 45 % 2% 5 B FIR BE AN /] 40
n. sy omy Lo ILROR[E 45 S5 F R, AR SC LT B A
TR B/NW YOLOvSn W 4% hp 32k, X i FasterC2f,
FasterC2fEMA #1 VoVGSCSP #5 He (1) 80l & 2 4 ok i
B4 AT I A SE 50, IF B AR SR B A uk i T R B &
S MERE AT 55 B o, BRI 25 R 3k 3 iR,

%3 Bk A s 5

mAP@ |params Size
¥ GFLOPS
Hik 0.5/%| /10° /MB
YOLOv8n 92.4 | 3.00 8.1 6

YOLOv8n-FasterC2f(Backbone) 92.2 | 2.65 7.0 5.5

YOLOv8n-FasterC2f

92.0 | 2.30 6.3 4.6
(Backbone+ Neck)

YOLOv8n-FasterC2{EMA

92.3 | 2.65 7.6 4.6
(Backbone)

YOLOv8n-FasterC2{-VoVGSCSP
(repeats=3)

92.0 | 2.53 6.3 5.1

YOLOv8-FasterC2fEMA-Backbone-

92.1 | 2.53 6.8
VoVGSCSP(repeats=3)

w1
—

YOLOv8-FasterC2fEMA-Backbone-

92.5 | 2.37 6.6 4.8
VoVGSCSP(repeats=1)

MFE 3 FE[ LRI, i i FasterC2f i YOLOv8n
BN C2f B 5, S 40ht fl GFLOPS I 3 T [, 52
WMTREARNE PR, (28R 08 B 30 R IR Y 1%
Bl A3 AT e R B H T AR S TRACE b . R BURRIE &
RIIEDL s FEXRRAE X R MG, UK FasterC21 Jj
THAHTME g, [FBTE FasterC2f B3 5] AT EMA ¥
ML B T M4 Cof Bidk, T (1 1k &
T 0. 1% s BEXE/IN B ARKIAT 45, A 30058 N 4% o
VoVGSCSP 5 5 5 3 57 38 W 4% 7 (1 C2f Bid, VoVG-
SCSP B E (I HE S 250 1 B RS B e i, BET 1 28K
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76 TS AL A 5 45

RN, AU 2,37 MB, ASCHE H Y FEV-YOLOvSn #
TUAIET YOLOvSn BRSO 1 W Bk b 7. BERLA 2550
BFEAR T 2100, BRI R R T 18.500, BEAIR
NI/NT 2006, SEBLT 2 AR A N AL A AR Ak

FEV-YOLOv8n 5 YOLOvSn 7£ % 4 I %t s 45 b 1)
PP A 9 B

Precision—Recall Curve

1.0
hat 0.921
person 0. 928
—all classes 0.924 mAP@Q. 5
0.8 F
§0.6F
@
S
(5]
£o0.4f
0.2 F
0 L . L .
0 0.2 0.4 0.6 0.8 1.0
Recall
(a) YOLOV8n 347K J% Il
1.0 Precision—Recall Curve
' hat 0.925
person 0. 924
—all classes 0.925 mAP@O.
0.8
50.6F
@
S
(]
20.4F
0.2
0 L . L .

0 0.2 0.4 0.6 0.8 1.0
Recall
(b) FEV-YOLOV8n-F-¥ 45 I8

9 FEV-YOLOv8n 1l YOLOv8n 1% ¥ 8 1 &

4.6 BRI S
4.6.1  HbpuEdy Kot 5/ B br A

YT O M B R R R 2R YOLOvSn £
A5 SR g X531, e T S S A A H AR R 5 H bR
B R R4 TR R X B, 25 R E 10, 11 TR .

3 e U0 £ A A B, AT L % B FEV-YOLOvSn 1
A WP I 22 4 R R AT 55 AR 4F T YOLOV8n,
i 25 S an il 10 iR o

/N BARR I L, YOLOvVSn H B4 15 46 il 9
T8, FEV-YOLOv8n REH% IE #5125 L an &l 11
FT7R
4.6.2 AR H ARG

TER BT H AR R AT 55 by 1 T R 4 R 0
, FEV-YOLOvS8n 1 YOLOvS #i 7£ 7£ A [5] #2 B 19 T

(a) YOLOv8n

P10 S 2 TR AG N 28R X L

(b) FEV-YOLOv8n

(a) YOLOv8n
B11 Jm /N B bR S A DN 5 R4 L

(b) FEV-YOLOv8n

Aol HU2 YOLOVSn i BUSE K . T K R & T FEV-
YOLOv8n. il &5 R mE 12 frs .

(a) YOLOv8n
Bl 12 25 4R H AR IR X

(b) FEV-YOLOv8n

M A [F] % 4 8 A 3% 5t F 9 FEV-YOLOv8n 0l
YOLOVS [P M R S X Eb T %0, ekt 5 1) FEV-YOLOv8n
RS HE . IR MR T, L R4 H e
$E ., CRIFAH XT3 RS B[R] I3 A W) 1 R 2% 3 5
ST IR R I A SR
4.7 FEV-YOLOvSn 5 Hfth & Xtk &

W T ¥ iiE FEV-YOLOvSn % 1 i 76 &% 5 fb BF 58 7
WA AT, 5 BT R R AL 2| ENES -
B YOLO #F %I & ¥k F 47 45 R *F k. # — 2 FEV-
YOLOv8n Wy RE, SCImas RNk 4 Fiors,

%4 FEV-YOLOvSn 55 fib 55 i it Ho S5 30 4%

Bk mAP@0.5/% | params/10° |size/ MB
YOLOv5-Q™ 93.7 12.69 26.47
YOLO-M3! 89.5 4. 20 8.4

ShuffleNetV2-YOLOv5s"" 63.5 1.40 2.8
MS-YOLO'™ 88. 41 11.59 47.6
Improve-YOLOX" 89.8 10. 32 41.6
YOLOv8n 92.4 3.00 8.1
FEV-YOLOv8n 92.5 2.37 4.8

WA £ 4 WL g R, 5 YOLO-M3 # t,
FEV-YOLOv8n Bl S5 & pdi 2>, SEYRER T T 3
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ANEAY A 5 MS-YOLO 8 Fl Improve- YOLOX 5 %1
A EE . FEV-YOLOv8n #8554 i /N FI 2 550 KR BE M s,
/Ns 5 ShuffleNetV2-YOLOvSs #] t. FEV-YOLOv8n
HAR SRR ML R R /RS K. (H2 7 Y98 B L Shuffle-
NetV2-YOLOvV5s & T 29 A~ H 4> 45 . FEV-YOLOv8n #f]
BT LA B R AR R R I Bk . B T o A
TP R, 2 50 RS Y ) DR /0N 249 0 2 28 ity 35 3 1) 75 oK
[vi) IR PR 4 48 1 7K SF 19 S BORE BE . O T N B AR SC Y
FEV-YOLOv8n 5 H fih 57 75 M HL 4% 09 I 8. 76 mAP
@0. 5, params Fl size =B R VEGEPF AN 48 bR b #EAT AT
WAL A B, W 13 iR .

YOLO-M3

K 13 FEV-YOLOv8n 5 HAb %2 i AR5 12 (9 % 1L

5 HRiE

TE VLA 19 *22 42 W (i S, D00 ASE 780 o, 8 A8 T80 Oy R 4
HENTHEE, RASHER. 4WE M MEL
F . MELATE R A R LK i & il s o1 — B i
KRB R R, FRARIL T RE B, 76 22 4 0 WU R DU
TR o R B A XE LU 2 4 4 SRS AT 55 1 5
Ko ASCE M — B FasterC2f 11 He i1 52 4 fb A5 D 452 7Y
YOLOvSn fyH T M &%, |6 i 78 FasterC2f # 4 th 5] A
EMA @& #3823 35 0 H AR RAE M R E, 75
RGN A R K B . b Ah . BIER RS iR 5] A VoVG-
SCSP #E e C2f e, 4& & Xt 5/ B AR AT 55 F1 %
SEAE S MR I BE J7 . etk FEV-YOLOvSn £ 1 H 5%
AR/ BER. 2R mRE, 5 T E %
LW R E R BO0 R ST 22 4 i R SR DU Y FF oK.
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