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ABSTRACT: The work aims to propose a method of detecting improper operations in logistics with lightweight and en-
hanced countermeasures in view of the difficulty in effectively identifying improper operations in logistics under
the background of complex and strong noise. Based on YOLOVS, the lightweight GhostC3 module was offered, and the
lightweight countermeasure module was proposed with the idea of countermeasure learning. The C3 module in the origi-
nal structure was changed into the lightweight GhostC3 module, the Conv module was changed into the LAconv module,
and the positioning loss was changed into CIOU loss. Finally, through experimental verification, the method proposed had
an excellent detection effect against improper operations under the background of complex and strong noise. Compared
with YOLOVS, the average detection accuracy of the method proposed increased by 1.69%, the number of model parame-
ters decreased by 45.14%, and the detection speed was improved by 2.46%. The method proposed has the characteristics
of a low number of parameters, fast detection speed, and high accuracy. It is advanced and practical for the detection of
improper operations in logistics under the background of complex and strong noise, and fully meets the detection needs of
improper operations in logistics.
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Fig.1 YOLOVS network structure
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Tab.1 Experimental environment configuration
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BIERS Ubuntu 18.04
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CPU 3xXeon E5-2678 v3
GPU NVIDIA Tesla K80
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Fig.8 Schematic diagram of data set

3.2.2 HIEHRE

ANFIZEH P Bl fd ] Labelimg B bl T H
PEATHRTE, R PITE R E o 3 28, it e |
Jod7s . PR, 2R 0 RS, FER Kick; 2
o VARENYS, $R%0 Throw; 251 2 URERES, r2E
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Tab.2 Example of data annotation

L L S AR AR N
FRE AR Ta B =
x Hih v il
Kick (0) 0.370258 0.495199 0.084 977 0.159 122
Throw (1) 0.410091 0.508 880 0.170 713 0.217 213

Trample (2) 0.492 413 0.850949 0.151 745 0.219 512
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Tab.3 Comparison of ablation experiment

F GhostC3 LAconv CIOU V- 2aH B X /% ZHE/10° Ao I B (] /ms
Base 94.5 6.69 203
Btk 1 J 92.9 471 16.7
itk 2 J 96.6 5.67 22.9
ik 3 \ 95.1 6.69 20.5
ATy J J \ 96.1 3.67 19.8

WA Bk 1 oAk C3 BB R GhostC3 5
it 2 ¥ Conv HBEHUE A LAcony s eitilk 3 4
¥ GIOU #12k REUE A CIOU ik s, H3 4 1T
A, RSO IE T YRS B YA R = HAER 96.1%, S
B /N 3.67x10°, AR A48 N 19.8 ms, B
it 1 AT Base MU I X0 EEXEREIL T 1.6%,
SRR T 1.98x10°, Kt [AR#A T 3.6 ms; 24
iF 2 M3 T Base MU IF- YR EYEHE R T 2.1%,
SRR FCT 1.02x10°, Klpf A3 T 2.6 ms; Bk
i 3 FHET Base WUAS 11 YRS BE A E 4 T 0.6%,
SRR AR, KR RN T 0.3 ms; ARSIk
FHEL T Base WRAS [ - 2005 B4 (E R =5 1.6%, S5UE
AR T 3.02x10°, KR F#AR T 0.5 ms. HILEES
AIUL AR SRR S ARG O 2 B A T Base RRASAN
Hofl etk vk, AR SO AT 2 M T R R
TR

3.4.2 ¥ttbsLiE

Ry BB i R s B S OO 45 AR (R AR 3, SR FH AT
F% 38 A8 M I S A A [ A9 S A58 T AT 2%, I

SREERANE 9 TR 4 s,
100.0
97571 .ZFjU'ﬂi
95.0 ' YOLOVS @
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I B fms

K9 SEEERX L
Fig.9 Comparison of experimental results
1) FERBIRE BT . A SCO7 A 0 1) - S48 32
YIE K 96.1%, . YOLOv3—tiny!'” . YOLOx—tiny?*,

YOLOV3!"  YOLOv3-spp!'"**! SSD*) | Centernet®” |
YOLOvS5 B~V 2485 B B {E 43l i 14.3% . 3.5%.
6.7%. 5.8%. 7%. 5.7%. 1.6%.

R4 ZHRERILE

Tab.4 Comparison of experimental results

Ap/%
7Y Amar/%

B LUK R s
YOLOV3-tiny 81.8 73.9 78.7 92.8
YOLOx-tiny 92.6 84 943 99.5
YOLOV3 89.4 80.7 92.9 94.5

YOLOv3-SPP 90.3 82.7 93.2 95
SSD 89.1 80 88.2 99.2
Centernet 90.4 84.2 90.6 96.5
YOLOV5 94.5 91.9 92.1 99.5
ARSIk 96.1 89.6 97.5 99.5

2) TESECR RN . AN SR
3.67x10°, I YOLOv3—tiny, YOLOx—tiny. YOLOV3 .
YOLOv3—-spp. SSD. Centernet, YOLOvV5 IS4
SRR T 1.17%10°, 4.6x10°, 54.67x10°, 55.45x10°,
20.86x10°, 28.04x10°, 3.02x10°,

3) FERTI A [E) 5 T o AR S I B K B R A R
W 19.8 ms, b YOLOv3, YOLOv3—spp. SSD.
Centernet ., YOLOvS {9 A I B 6] 43 BIAIK T 62.5 .
68.5.73.2.59.0.5 ms, It YOLOv3—tiny , YOLOxtiny
ARSI ] ] W 75 1 6.9, 5.7 ms.

4) FERATE BRI RUIRG BE D7 T . Angk 4 P
AN, AR OO R R BRI B T ORI H
YOLOv3-tiny ., YOLOx-tiny , YOLOvV3.YOLOv3-spp.
SSD. Centernet ¥ EHME DM E T 15.7%.
5.6%. 8.9%. 6.9%. 9.6%. 5.4%, {HLIt YOLOVS f
S AHE FE IE AR T 2.3%.0 A S5 By A7 A6 i 7
ks BE 4 {H HE YOLOv3—tiny . YOLOx—tiny , YOLOV3 .
YOLOv3-spp. SSD. Centernet, YOLOvV5 A FH4E
FEME 9 T 18.8%. 3.2%. 4.6%. 4.3%. 9.3%.
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6.9% . 5.4% . AN STk BREEAS I %) S 20K R Y (E L
YOLOV3—-tiny, YOLOvV3 ., YOLOvV3—spp. SSD. Centernet
HSE PR FEEE Y I T 6.7%. 5% 4.5%. 0.3%. 3%.

2t A YOLOvV3-tiny . YOLOx-tiny
YOLOvV3, YOLOv3—spp. SSD. Centernet, YOLOvV5S
SGITIRAE - YOG B . SRk I A DU s ] RS
B R RS MR E RIS B2 5 T A RS BE A5 AR S
T RE S RIS, R 96.1%, BB HERE
UG FE B 2 8 A1 3 T AL, 280 s/ H
{E4 3.67x10°, HPAsKE R4 R 19.8 ms, B
T YOLOv3—tiny . YOLOx—tiny ARG 25 . [HI,
AR L1 T 245 5 A6 A THT ) 22 2% v M L e A T S 1)
R R, FEPRIET- 200G BE AL = T e T, A3k

iick 0.29

ﬁm

L il

R AT T AL 7Y S 50 R N B (3]
3.43 RNLERDH

G b SRR R OR , anfEl 10 BN EE
HOR R 2 2 3005 B AT I . HerP & 102 %5 KR 5
EAT AR IR, 2K YOLOvVS B kA il it i
MRKIG, HEE AR w1 Rh, AR AR SR
ARSI I A7 R EERAE AL [ 10b g
K FEATHRIRCR,, ACEE (B #EfRR
B SR AT A, I ELFUINAE A 07 B R, il Ak
LR ST YOLOVS Bk (A£K) 1. K 10c 2%
R SEHAT N BRI A5, AR SO KRS W o 1
YOLOVS BE Y o SOAS SCHE A 8 d X bt 1)y ik i /b
TRk, BT ARIIEE T .

a HFX (BH)
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Fig.10 Detection results
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