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Abstract

The background of tea disease samples collected in natural scenes is complex, and there is an im-
balance in the number of categories of samples. Combined with the characteristics of tea diseases,
a tea disease identification method based on improved MobileNet V2 is proposed. The coordinate
attention mechanism is introduced into the MobileNet V2 inverted residual structure, so that the
network can focus on the target area, reduce the interference of irrelevant information, and effec-
tively learn the characteristics of tea diseases. At the same time, the cross-entropy loss is replaced
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by the focal loss to solve the problem of poor network training effect caused by the imbalance of
tea disease sample categories. The verification experiment is carried out on the tea disease data
set. The experimental results show that the improved MobileNet V2 network has a recognition
rate of 96.31% and a parameter size of only 2.27 MB, which is more cost-effective than other mod-
els. The improved MobileNet V2 network can efficiently identify tea diseases in the natural envi-
ronment, which provides a new idea for the identification of tea diseases.
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1. 518

HMAE N — P EZE AR, EATSHERRITE S T R R MBI EE L[], SR, FREE
KRG AR E, FEORH 2R E TR, SRRERTHENEFIL. B, GeEmiRnZ
MRS, S SR HUH M B3 i, XD A i e R O A A i R B L

TSR T %508 FERFENTRA, S EWMERm . EETHEVEOR KR, ERGEEFIL
AR R N TR FE R [2] [3]. Fha[4]5F AN AE AR TR RE AU SR M EAL(SVM), X
TESE 575 TR RS BN 81.67% - #2394 [5]55 A FI A K-means 5384} 3 & SR BEA 7> B 4L 2R, FIF SVM
SRS 00 A AE AT IR A, TR BIRE BE A 93.30% . #5 AIZE[6]%F AT A5 i T 3H T AR ESE US @ik SVM
AT, RGN 93.75%. 1548 AL A 2% 21 5 VELE VR AR A0 5 B 0 2B TS B B SR AIE,  F T
BERANA—, HEAEIRNSERMBUERE, N THEEURRIE ] RETCVE S A 00 5 B A @ 1. Bk
TR A9 5 R 2RI

REES D) EA T N THEHURHE, B AT e B AR R A AR AU 2 72 IR [7] [8]. #R7[9]
S NAE ResNet50 H:fili b fl A i B v E B RS AR 7T, T 42 R FE 93.86%. il SCEE[10]
HNEET VGG16 M4k, 5l NILFE%: M SKREHL, XER FHIRAKE A 94.70%, BARAE[11]55 N 1E
ResNet [ H1 5] N SE VR JJ A1 Inception A5, R AEYIR T F NG BN 95.62%. iR 5T AR HUAS
B, (EMNESHEOR, AR T SLB0 F R % shim il & . AT BRI T 3 M in
R g P #1155 0 E R 45, 7F MobileNet V2 [12]H#: A\ AL FRiE R /1(Coordinate Attention, &% CA)
[13], LI H bR DX m A E DA 9 0 265 6] 25 5 35 PRV RFAE SR IURE /0, FE I8 30 w5 R il 28 1) [ By AN 165 )
&4 GINFE SRR (Focal Loss) bR [ 1417 o i 3 UG BUE AT I 5, 28 I Zhid A2 SR 48
THEGP AR, MR AITERE .

2. EfgRESHAE
2.1. EBRRE

SO0 oA P 1) MR B 35 R T 1 5 W AE & RRE X R B B 2 32 I, HRAR IR 1900 7k, b e b
Wi 414 5K FREEBERT 503 K A SO 371 FKEL R IEH I 612 3K, B REA IR IE 1 B
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Figure 1. Tea diseased leaf diagram and normal leaf diagram
1. FHREHARESERHAE

2.2. EfgmaE

REES MG T KRS, B IR 2l A B, ARSLInt O REER M BBk T
BRI sn . MRS . WS TREEXT LU . S IR M s S v B R T e
GEIEERIE LN 1 . W EdEEsE 5 4L 7150 sk MG .. SREEM A EIGN 2736 x 3648, BT
ARV EE RGN B2 4L, U PG R d 2 2 REUURE BIG I, B4R B R T 48—y 224 x 224
B®, 1% 73 BLLBIRENLRI 7 )I RS FIIHIE AR .

Table 1. Sample status after data enhancement

* 1 BEEEREARER

eS| J5i i MG B 7k Hop e s EUE B 5K
A EEDLR 414 1656
AEDEN 503 1803
B 371 1855
IRt 612 1836
Bt 1900 7150

3. &T MobileNet V2 BB EIRBHESR
3.1. MobileNet V2

MobileNet V2 /& 2019 2 i —Fld2 842 2%, VA 7 MobileNet V1 Hr g IR A7y BEE,
FHEI NGB R Z (Inverted residuals) &5 kAT i, DLER S M PERE. MobileNet V2 B4R 25 &kt <] 2
iR, EEH—ANEREKRINA 33 IERZ. 17 N5 51 B ik 2 45 10302 (Bottleneck) LL & — 2 7
x 7 R/NHTF 840 2 (Avgpool ) 74 A% .

Tk 7 25 KL AT BT A A D) 28 A RV R RS R R M E I 5, {8 ) 28 B R P [ B SRR ORAIE R AP IR . A4t
Bk 2 GE M R IE SR T 2 B e IR 4 5 1 8 T 18 B ik 22 4 1 T8I 1 x 1 & S B (Pointwise Convolution,
PWConv) X it NAFAE 4 B 34T 46, FvkiE N TR EE 6 #7 (Depthwise Convolution, DWConv)$2 B % 18 i 155
fiE, BJEAEH 1 x 1 E sU B RN RHELE REEAT 4, W60 | AR ik ZE 5 e R AR IR 4E R, SBLEEHA
TEIES D, WA 2 ] PR AERF SR BUSUR BT I R o A A R B 1 RS AE i 4 2 AR R IR
EZEK, MobileNet V2 Y4{5 B 7% 22 45 46 b B 4 6 A7 5 I AR R R0 pR 30 ReLUG #9281 R £l (Linear) i
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Fr7R o
112x112x32 112x112x16 56x56x24 56x56%24
224x224x3 — — —
Bottleneckl 1 BottleneckZ_l i [ Bottleneck2 2 )
Conv 3x3 = b —1 |
Input 4
14x14x64 14x14x64 28x28%32 28x28x32 28x28x32
14x14x64 14x14x64 14x14x96 14x14%x96 14x14%96
BottleneckS 1 ] ) [ BottleneckS 2 ] ) [ BottleneckS 3
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s=1
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Output

Figure 2. Structure of MobileNet V2 network

2. MobileNet V2 #4544
ﬂ X
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+ F(x)
PW Conv 1x1,
Linear
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Figure 3. Structure of inverted residuals

Bl 3. BERESN

3.2. BIRER NG

RIS X 2608 = ) R T BAR X, Jb TEoRME BT, IRm (s B AP RE .
FMREEREGTEAEFEERIER ST REL, HRMEMNEIRAEX S PE RFZES, @l 5 NAEFRERE
FIATLH$E v DX 28t 255 - BEAREAAE (1) EURKRE P, AV 38 T 1R 40T 5 T 50 X 8 ME R, A AR YR T ST 454
Wik 4 s

ARBRE R I N2, SR — 8R4 AARS BN B B BN IBIEER T, W N RHIE
S3 AT KRN B 5 1) ERSEE AL, SRR N Cx Hx LT C x 1 x W 4 ARFAE R, H A1 W 4351
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DB NRFAE B A R R B8, € O TE 4o B MRFAL B AR B A A N AR AE I — A2 A7 [ I B AR AR &R
HORRE S — D25 IR TR EAE S, 5 125 58 58 R L E A7 F AR X3

S AR R A R ST R B 23 B P i RAAE B8 L Concat #/EHHE8 C x 1 x (H
+ W)RPRHER . FLX, FRHERIEA 1 x L BRUZ, JEIEAEE M C 4EREICN R Clr, &3 —feab At
AL MRS J5 , X SRAT IS RUTE RILEZY) 72 AP TKE, RSP 5109 Cir x Hx LA CIr x 1x W iz
Ja, A 1 x 1 ERZRRHE EETELE T 2 C4E, A Sigmod BRACHEAT R 2R MR -

I 3 I SN SRR s 8] (5 S S AL, S AR BRIE R AN .

Residual CxHxW
CxHx1 | X Avg Pool | [ YAvgPool | Cxixw
I Concat + Conv2d | Caxix(w+H)
L]
I BatchNorm + Non-linear | Caxix(w+H)
spilt *
CxHx1 [ Conv2d | [ Convad | Cx1xw
CxHx1 [ _Sigmoid | [ Sigmoid | = Cx1xW
Ve

Re-weight CxHxW
Output

Figure 4. Structure of Coordinate Attention
4. BEREBR NG

FINAEFRTE T 776 MobileNet V2 8] AR Z= 454 W11 5 fros, i fEE B ES M iR )E — 22
RABBURIRNAEPRE R P, AERI28 3 IE B X%, A0 BAs SR 5, S M mE i o3

X

\i
PW Conv 1x1,
relu6

DW Conv 3x3,
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‘ F(x)
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Figure 5. Inverted residuals of the embedded coordinate attention
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TPREW, FK

3.3. Mk RH
A X457 5% (CrossEntropy loss) & HEL T 4328 8, RNML)Ighs ARk ms, A=0N:
CE(p,)=-log(p,) @

A, p AZG t TRINEAR . b TS U5 K R O BT AR A R OB AR [ 8, 170 AR ST SR 6 £ 1
(RI e 9o FH HAR AL ARSI FEAR A IL S, SRR INZRGE RAE, A S B0 H  mi 5 Kk bR
BB P SRR R A FR R R A U R Bt A 3, BRSSO R AR 5N y F1a IS
SHEF O IAEANE, S8 o FTHRIESREARAEIR R, S8y TR RS FEA A B 1 )
R, AR AE I RIS SEOTEME 2 SRIFEAS, R iR R A A

FL(p,)=-a (1= p,) log(p,) @
b, p SR IO TS, » Ao AEBH, W =0, W FL(p) ST CE(p,) -
4. KWHERS573H
4.1. LI
SR IR R BB W 2 FR.

Table 2. Experimental environment configuration

2 LWIMERE

RAIHEE Windows 10

GPU kA RTX3060
CUDA A 11.0

IR S Python
Pytorch kA 1.7.1

4.2. SKIREERSH

AICRIAE RSP 224 x 224 83 K/NEHME 53 75 %) MobileNteV2 J5 /4 25 1 ek J5 1 9 25
FA_MobileNet FEATYIZRMIGIE, %= ZF batch_size 4> 7% & Jy 0.001 1 16, 1§/ Adam it 5, 200
VAR S5 P 9 28 B0 IE B AE B R R R A AR Al 2R &) 6 FroR, AT AR H S0t I TR N 4 7R 36 UE4E
WHIZR =T MobileNteV2, SR FIR B AR, S0UE T S0dk Ja W48 1A 250

NIAEASCHGE VA A %, #E MobileNet V2 H il AN R G2 SRS 21 &, SE6 45 e 3 Fis.
ATLLAE Y, 7E MobileNet V2 125 o 73 1] 51 N AR 3 AT A0 AR A543 2k bR 250 o) 4% P 56 00 4 1) 131
VTR SR SR UB X 4R 4 FT BT, 0 BT T 1.559%411 0.96%. Fift & 3 Fih 4 53E 5 ) FA_MobileNet X482
REAL T et FH — b SRS 1) DX 28 P e, S5t S 93 5 R TR I HE AR S 4 5 1 2.39%, 45 S 4N 44 i1 0.04MB
BEAIE T 4R N AAARYE T R0 £ R 45 0 R B X 28 M RE SR TH 00 2801

28 3540 Sy B L R, AR S SR B AlaxNet [15]. VGG16 [16]H1 GoogleNet [17]iX = fh AR w2
W25 FA_MobileNet W 25347 Xf FL ke, ASFIMZS L Ranse 4 fros. LA E tH FA_MobileNet
K] 28 %oF 255 I 5 P R S S R B U, TR RIE 96.31%, % AlaxNet. VGG16 #1 GoogleNet 43 il i 8.66-
3.67 F12.16 N/ i, MKESEEAN N 2.27 MB, SEI6R I, FA_MobileNet [ 4% AH 4 T Hofth 9 26 HA &
UFIISE GRSy, BRI RS Bl ) B A% T 5t I A 3 UM I EK
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Figure 6. Variation curve of network validation accuracy and loss. (a) Variation curve of the accuracy; (b) Variation curve
of loss
& 6. MFIIESEERHRFIREET R, (2) EMETILLZ; (b) REETHhZ%
Table 3. Ablation test
= 3. JHRLIALE
o =Xk HE% ZHE
4 AR AR I —
4 Group HEARIER ) CA Focal Loss Accuracy/% Parameters/MB
1 - - 94.02 2.23
2 J - 95.57 2.27
3 - V 94.98 2.23
4 J V 96.41 2.27
e RO RMRNZ TR, Y RNMERZ T
Table 4. Comparison of different network performance
4 TR REELER
Model Accuracy/% Parameters/MB
AlaxNet 87.65 57.03
VGG16 92.69 134.29
GoogLeNet 94.15 5.6
FA_MobileNet 96.31 2.27

5. &hig

AR SCEE XS AT S 2 T TR R HE PR 10 L, 4 H — A B e 0 1Rl P 2% . 7E MobileNet V2
W2 b S NARFRIE S Ty, AN 5 R IE G AR E AR S, BB S5 BP0 ROR I8 99 45 B8 v
SENLZE H AR . T FH A S0 R R O s OB ER R eR B, A R R A I SR AR I A (e, B
W26 R PR RE o 5 AR 28 EAT 0 LE, SIRB6 3 B AR SC Gk I I 2% B RN 2R 1y, 2% S 40 /MR 3
WRIR SR 7N 96.31%F1 2.27 MB,  HL A HE 3 1 5 FH 1
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