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Design of an intelligent classification system for domestic garbage based on improved YOLOVS5 algorithm
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Abstract: This research proposes a design strategy for an intelligent classification system for domestic garbage based on the
improved YOLOVS algorithm. The aim is to enhance both real-time and accuracy in garbage category identification during the
domestic garbage sorting process, addressing the issues of difficult domestic garbage classification, low resource recycling
rate, and serious environmental pollution. The algorithm uses YOLOvVS as the base network, replaces the C3 module in the
original YOLOvS5 architecture with the C3Ghost module of GhostNet, employs an updated loss function SloU, and utilizes the
cascade structure of the Ghost convolution combined with the CBAM attention mechanism to achieve the dual goals of
lightweighting the backbone network and improving the model performance. The experimental results demonstrated that the
algorithm reduced the weight of the network from 7.111 M to 4.039 M compared with the YOLOvS base network. Additionally,
it improved the frame rate from 73.8 FPS to 82.0 FPS, lightened the model by 50%, enhanced portability to mobile devices,
and exhibitsed robust performance and detection capabilities. The system employs a single box with multiple points of

interaction, integrating technologies such as infrared sensing, laser distance measurement, image recognition, motor drive
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and others to develop an intelligent classification dustbin featuring automated opening and closing, bag-breaking, sorting,

separation of oil and water residue, and overflow feedback capabilities. The bin is capable of effectively handling a wide range

of domestic garbage materials. It can effectively process all types of domestic garbage while preventing contact with potential

pathogens and enabling intelligent garbage classification. This system not only reduces labor costs but also facilitates material

recycling, thereby protecting the human ecological environment.

Keywords: YOLOvVS; lightweight; attention mechanism; domestic garbage; intelligent classification
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Figure 1~ Overall composition of the intelligent classification system for

domestic garbage

Py VA A T 2% 8k T BIL A% A0 58 B X AR 37 S 3% ik
Aokl 5 72 A, 4 H bp Kk R BEA7 B0 5, K AR T
B 3 P8 A 16 B AR N R 8 5 R UM R G 5 T
TR E 2 ] AR X B 3 P8 sk A7 R0 A0 23 26l i A
I8 {5 ORE 3 S 25 R R ik BRI o 2R R 58 s B oy 2k
G o JE A R ) I 4 AR X B 3 A AT 2
Ak P 2 G g S I G AR PRz 38 AT I £ £ LUK
By 1 46 2 E XA PN B3R R AT s 4, L 7 BILAS e 3R
B AR B0 B AR B I A A B R BIE B ALK F
EEFA.

1.2 2% TAERE

A B R BB R ARG TAE AR A 2 R .
R B 57 3 22 Wi A% 2 " e Sy /s By ) ol o A% 6
BB PR 22 T 0y B B AT SRS B, e B Y B
it AW OR K 2R 8 5 2 B 2 oy R HUE AL AR L



234 HooBE

T §43 %

U 2 I, B B R A5ORE S ad M B Sk Ak
e AR K DN 2, Bl 2 T 18R 2R G2 #h PCBIL Ak B X b
Pt A7 73 28 5 PCHURE B3 70 S 19 15 B AL X B
AR L B3R o I R GRS TR B 73 2 25 2R A AL
WEBIE PR o PRI TE SR A% 2 Y B AT o AR
) A S A S I Xk % A D9 A A A i S A
i 446 2 " A7 o A A7 5 A N 2 TR Al i e A
MARGAL R B FHEA, e WA E IR KRS
AR TAR AR

BT
i~ Ja R RS
A

MERIRS: g

bl
it

S A
i AR B A

AT T AR

A E LG

P2 RN R RO 2 RS A
Figure 2 Structure of the intelligent classification system for domestic

garbage

2 RGETHMAXEREA
2.1 YOLOvS A%

YOLO Z 51 5 1 A6 H bn 6 I B3 A5 1 712 1
B . BAR YOLO 241 & BT W & A W
YOLOv7" . YOLOv8"' , {H YOLOv5 #5 %1 H 47 % /N iy
AL I D (1 T B R D R R W A R R A K
B H AR A AT 55, HAE A% 18 GPU 2 75 £7 76 1 1% L
M H R, U H R PC SR ) CPU S >, M B
YOLOv7 Fl YOLOvS, B i& S fE#% gh % % Fisf7, H
YOLOv7 A1 YOLOv8 B ifi & &2 2% W 1k i 18 51, i
YOLOvS 535 A /NP 44 1 K, 35 2% fiff FH AR 45870
WiE A T AW SR RE 4 K R G ITT . YOLOVS
FEHR A ET 0L E 4 A L4l AT, T 7R
YOLOv5n, YOLOv5s., YOLOv5m. YOLOv5l A
YOLOvSx 2204 i F o 330 20 20 4 75 ) 2% TR J3E A1 RRAE
P 58 BE 7 A T AS 6] 9 Ao 34 8 ) 2 30 4 e il A
R8T R ARG . Ol T U AR X E B RS AR 1 S PR
2R, S s RS 0 R T B FRATTEE R T AR RS
BE/IN K TN S A YOLOVSs /E S SRl 3 .

AL it A TR A RS TR R R PR A Ak R B Ry A
T B R BB o R RGN AE T M Ay AR L T
CIETANE S
2.2 B ETHEL

GhostNet' " & —F iz i fb il 22 I 26 20 0, B 76 7E
e VA M AR B3 AR 2 R) BRSSP A, FH DA e A
B8 TR B i 22 X 28 S RUST R R Bk o AR 5 i
FH GhostNet £ H 8 46 i 4f 1) YOLOvS 4244 Hf i) #5341
PRI 48 Sk FEAT BB, XA BEE N Tl E 2 A
& B2 22 [a] S 52 A ok /AR R ) 1 4R AR 24 B T )
M, BALR ST A [ R T HER e . X
Xof S R FH ARG 0 G Ay EE el AR A 2 B B
b, (A5 50 AU BE 08 T G b R TR SR BRI A A B
FEFVRAZ PR AE TR S B RE A R R G b kS
YOLOvS Z5#4 W &l 3 fF 7 o

A
640X 640X 3

80X80X255

{ Coneat
Concat i
C3Ghost | [ c3Ghost  ————{ GhostConv
G )
Concat 20%20%255
GhostCony. [ c3Ghost ————{ GhostCon
Neck Head

B3 dhikE i YOLOvS 4544
Figure 3 The improved YOLOVS structure

2.3 BER MRSt
2.3.1 Ghost &

GhostNet 1 56 F] FH /2 5 1) 45 B % 6 A 9 Re AiE
P AT R AIE 32 B, SR I aF — 25 6 3 o0 R A R i AT
LA b is B B R A PR R AR AR A A R
N

Xt F oA EAZ, Hob e hoow SR A T TE B, 23 )
Xof IO A A G 0 o e B TR . — ORI, R A
ANFRAE S 9 AR B BUZ B 5T LS (1)

Y=X#f+b (1)

X+ RRBREBR b ERRME ;Y e R R
B R AE WS AT n AN GE s f e RV RN B X
— 2B YRR o AN YR w2 R AR Y R RN
B BE WS L b X kS BRI A £ I A% KN T 1 6 R
AR FLOPs 3, AT LISy n X h' X w' X ¢ X k %
k38R ILJTAS B Rk U8 A 0 A5 n B i R

’



5% 4 3]

W3R, 45 U 9 YOLOVS B35 T 9 AR 3% B R e R i ik i) 235

il AER K. 2 Ghost 3 LT, 74 & 94~ %L
Hn=mx s, MHZHEELZL(2).

G="Xxhxwxexkxkx(s-1)x2xhx

S N
w' X exdxd (2)
BEE AR (3):
C SC
R ve1 ™ )

X AT7 D T AR SRR A 2 o JRAS < BT
SURAINE Rb T oy A S L /(DS R o o (R AW = o
MG AT 2, S8 BUAE AT ROk /b 5 B is SR Y [ i,
SRR PERE . Bl 4k Ghost B AR S BT 2

ik
B l
m Conv b, i

A

B 4 Ghost % B 55 B i it

Figure 4 The Ghost convolution implementation process

2.3.2 CBAMERE HHLH

CBAM [ 7E fif A% 2 45 B 28 I 45 1 b AN [)
ROEE JEMRA T {5 B RS, BB AT 28
HEAONH EEEE M REE S, BEEEN
FH T 388 5 AN [5) 30 38 R AE R i M B T
P& 7S 8] AN 6] 467 B OGBS B . CBAM H 27 3¢
R A3 2H B < 38 3 VE BB H (CAM) A3 [ 3 2R
(SAM) , UNE 5 Ffzs o 3% 2 A e ml DU A 31 3 AL
22 M 2% (CNN) YN [R]JZ2 H, DL 5 R AE 0

HAREE  SmamE i L RRAE

E'5 CBAM R SHLHI45H

Figure 5 CBAM attention mechanistic structure

GRTIBERES -8 8L U= W ishii Bu Aol R RN S
VRT3 B 18 0H A 2 R AR AR R s o R, i 4 iE
B2 (R ) 5~ Bl i EZ A . R
Jei X A E O TR T G R P DL SR AT
fY 38 I8 5 B o CAM 32§ SCHE I RE , T SAM 5 3 13X
Bl O B RR AR Y 25 A E A o J8 T R R R Y 2 5

W (4):
M,(F)= O'(f7”(Concat(Angool(F), Maxpool(F))))

(4)
Ko WAL o BLRREL; F ol i AFRIE R s 2 )2 8%
FIHL MLP Hy 2414 )22 H1 14> ReLU i oR K0 1L .
235 ) T A B 4 I (5):
M(F)= O'(f7X7(Concat(Ang00[(F),Maxpool(F))))

(5)

Koo f 77 RN G R KNHR TXT ;5 Concat 7R i
B AE

m I, CBAM A L 5 25 b 81 44 45 41F 18] v 454 3 18
2 (B A Y R DT B R o B R 2 4% 1) R
TIERE J7 A RE
2.3.3 Ghost %5 CBAM 14 25 1 WL 9 1k 45 44

Ghost & F1 5 CBAM {4 3% J1 AL i 90 3k 25 ¥4 52 By
AU 6 Fras . FH CBAM il 7 & 1 ALK A
() 8 AF 138 3 4 Jmy 7 3 3 Ak, A5 80 440l E 1 2 R
SEAAE SR T T A — 2 4 34 B R Ok A N T TR R
FUE , P38 35 Sigmoid pRER AR BT I AT S48, 31X 2L AL
250w B B i AR A 1A B A T A5 2R
PR AE X B 28 H AR FRAEAE B 8T K Tk, AT A5 B A
B FEIEE . Ghost BB 5 CBAM T & 1 AL 156 11
SR 545 A T Ghost % BURI CBAM 7 22 J1 ALl (1)
g

B 6 Ghost ¥ 15 CBAM i 2 1 L1 4 16k 25 49

Figure 6  Structure of the Ghost convolution combined with the CBAM

attention mechanism cascade

T %, Ghost 45 R AR AU 3 /b T K i (1977 5 T iz
GEL DRAIE T S5 2 R AR TR 3 28 RO AR 5 U, 7R 40 I
R R IE TR A7 M4 AR, AR L A AR T 1 2o R
K I CBAM G 3 4 2 7 HLHORUE T I A 35 43 5 AE 5]
B JoT g, 7 4 AR AR LR A] e X H b 10T 0 il o R
2.4 MMk B

R TIPSR R B e e T O il Dl A
s £ AN - 7 T 0, I ik 2D 7 57 RS I A R A U



236 HooBE

T §43 %

XFF YOLOvS SR T 5587 B9 458 5% pR £ SToU ' i AS J2&
PRAER) CloU. CloU M — 25 A 2 5 2 1 S5 iR o )
iy R 8 T B L B0 B R R BE B 1T SToU A LA TE
Ui b, S5 W 5 B v B A KT B A2 AR BT AR AT
BT E,MAECU, SIoUM KM EEAFELIT 4
AN Z s R AR A BB B RUAS A B IR AR 2, Fil ToU
A, SToU pREL AT EoR 2 (6)

SIoU = 1 - Tou + 274 (6)
i1 BE A (5 L (7)
A = 1—-2ﬁn2(amsm(x)—{z) (7)
Hrp
x=%, (8)

A oy M THTECSEEUAE 5 TN ATE 19 vt a5 22 18] A9 1
B 5 C,, oy 8 26 TR HE 1 M T A HE b 22 1] Y
R

HET A B AR B R R A A B CILEK(9)

A= e(AfZ)X(%): B e(A*Z)X(%]Z (9)

2 C10) RE ST i T L 52 A (19 7K - A8 4 A1 3 B AR
T 5 S0 A A F O a5 2 18] 8 4 R

.- mdx(bfi, bny) - min(bf;’ bf')) (10)

/(ﬁ;—bm)2+(bi-bwy
S s e, g TS G 5 T & PO R KRR R
b b, B £ o0 500K P AT 1A 5 b i b
Shy Ml T L S 0 R KT R AR AR o
FERIEA Q1 5E SCRA(TD) -

CJu-wel \° -] \°
1 —e mznx(u-.uv“‘) + 1 —e mux(h.h“‘) (11)

FUH 2 R 0 SRy b T B S HE A9 5 RN R B w0 AT R R
OO ALE f19 B8 5 R v B 5 A BRI 0 (E M T R TE
TR B A B, 76 A 8] 9 £ 4 b i (8 BUE 7E 2~
40,

) =

ToU i A 5 LK (12) -
_ANB
IoU = TUB (12)

A A S B #4181 AR 5 B Ay i T ECRCAE B9 T AR
ABETE T, FATILEE B i A SToU 4 2% p& B n] LA

P w2k ARG BE o 78 H AR Az 0 v, A 2 ) 450 K R KR

Hofl 5 2 A G BE 48 A5 : Objectness (B 5 ¥ ) 1

Classification (4328 ) , X B35 f5 O Y (H 4 /)N , £ m H g
o DU R 43 25 A A5 R E R . E ISRt R b R AR
G 75 SRS 79 5 G o A 3 AR RAR B SR e, 2
[] 2 TH B R FE H bR A I A2 AT 55 B RET

TE SloU R B, AT E T8 bR b AT T BT, LA
2 R B ] i A B . SToU PRI 35 45 i 1 B
FLPUI A ] RO Bk B 1 0RG 32, 3 A A B0 K 1 5o
AN [ e o R E 1 ke A 0 A 55 I 0 A M, e
AT HE R YOLOVS B AL (/RS B2 &4 1
3 LITAbIE
3.1 HBHELAE

YOLOvS 55 2 3k B £ v] 8¢ 1 BHR 4y A AL
LRI BB FEAR AT 22 S f 2k . B T AR
WA E 2 o 1o R b A A R N
PTBA R T — R 9B R4 7 ik AL 46 B F 44
HHR AR DA R R W B A . B dE
AL T A5 Bl AR T S R R FE AR TR 35 T 45 R B
t JE AR AR o 38 2 X 3 2 R AR AT bR v A
O35, T LA 3 AR 20 R 4 A A AR 3 A DI B
P, A LR % B 47 b B AR R A TR R S 0 3
A AL T 18495 9k B A, A 4G AT [m] i by 3 | J6f
AR A E S I AN A R B T T 45 SR [ Y %
A2, HoA 15 a2 I 2k 4E (train) F1ES IE 4R (val) AY HE 441
J8:2,

T A= T S YO8 46 vl T A5 EHRORT json
25 A Y B AE 3 S A AR 0% T R AL bR A ST A IR
A~ ER AL E  BEER AL AR R . BAR AR
2B SRNE TR
3.2 FEBRIRFERE

AR FIE JETE Windows10 R G F #4791 %k, 2R
Pytorch ¥ 5 22 S HE Y | 45 215 5 N Python3. 8, CUDA
Al Cudnn BLA 54351 R 11. 3 F1 7. 5, &8 K & NVIDIA
GeForce GTX3060, it 7£ 6GB, CPU N Intel Core® i7-
11800H /\#Z AL HiL &% .
4 ZWHEBERSH

J T A A SCBE R B IR BUR BRI IR o 2 R
}9°0. 0001, 3 K/ (Batchsize) '8 0 8. 4k
i 1) 38 2 SGD (BE LA B T B ), U 2R %8 8 (Epoch)
BAE A 1500 PIZRa TR F A% 5% 08 K7 ¥ R 0o )
o X — LR S AR U i B rh B W AR S R
By A - b AT SRS 7 AN [R] ) U1 5 B B o et
A S8 E MO SR, AT AR5 2] — A TE R



2000-
1750-
1500-
$1250-
£1000
= 750-
500-
250-I ! I
6 o 3 z
classes

R, A5 BRI YOLOVS Bk N A A 36 B R R S R A ik 1T 237
1.0- 1.0
08- 0.8-
0.6- 0.6-
1
~ + e
04- 0.4- |
i |
02- 0.2- ﬂr?
00-, | TITVANGPNURRET o MERTTEE HN. T,
00 02 04 06 08 1.0 00 02 04 06 08 10
X TEE

|7 Hom gyl pide

Figure 7 Visualization of the data set
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Table 2 Experimental comparison of different algorithms

F - K A % GFLOPS/s D 4k B TR FPS/(vi/s) P e
YOLOv3 83.2 3.1 135 237957468
YOLOv4 84.8 3.3 14.7 256347894
YOLOvS 83.4 16.2 73.8 7111327
Faster R-CNN 87.1 18 8.0 5472334176
SSD 80.1 5.7 25.0 150213546
CenterNet 79.3 7.4 33.0 285426812
YOLOV5 + Ghost—-CBAM + SloU 80.5 18.9 82.0 4039271
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