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Automatic grading of potato shape and size based on visual Transformer
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Abstract: [ Objective ]| Aiming at the problems of low accuracy
and poor robustness in the previous classification methods based
on artificial features. [ Methods | A strong generalization
automatic classification method of potato shape and size was
proposed in this study. First, two potato ViT models were built
based on Transformer model to complete potato shape grading
and size grading tasks in parallel. Secondly, a robust model was
trained by using migration strategy and data augmentation
method. Finally, the effectiveness of this method in potato

grading was verified by quantitative analysis of test sets.
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[Results | The experimental results show that the potato ViT

model achieves 96. 36% and 94. 75% for potato shape
classification, and 89.66% and 85.16% for size grading in terms
of accuracy and pr, index. The classification accuracy was better
than VGG16, ResNet50 and MobileNetV3 network models.
[Conclusion] The results shows that it is feasible to apply the
proposed method for the real-time and accurate detection of
potato shape and size. The results of this study can provide
theoretical and technical support for potato intelligent grading.
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Figure 3 Potato shape and size hierarchical network model

A
w— B P . mm;
h—FEM& B & s cm;

N F18 = 4 5 B
jﬂTLIﬂ:éﬁ[ﬁ]f? 4%%1AIT%EE#?BT i — 4k
[E]f%iﬁ%»/\ﬁi?%ﬂ“ﬁﬂ:
1ER W’ (2)
.
p—H B RF . mm;
w><h)
P X p ,mm;
2.2.2 ZMEAZ R 22 LR R LR

BGH «, W3 D didic Azs ], VIT BORDRE # A [ &
B A — HEGIRES A ZRBENMIT R,
TR AR B S AR R HEAT e A R g B g 2 ) R
7B AR I 3, 4 L 3 B He s A b, DGR B L
F R BRGS0 R B S TR A B R 2 2 )
B —4E ) E A Transformer 28 % 25 5 A, i (3)
fimRE,

20 = [T e s X1 E3x,E 50+

A

;an]+Epos’ (3)

52 B RARIC 5
x, — 5 n A EHR P RHAE 2 5
JEE RO
Epo— WM EF B EERTVY,
2.2.3 Transformer 4if5#F Transformer Zf 545 £ %
2 K TE B IR H (MSA) Tl 4 % 2 5 157 % S Je (MLP) P A
DB B, BAR S5 M I E 4 7R . S T B B

FMAR TR ZMKZANERLR EBDZE T HE
MSA BB, 785 A~ MSA F1 MLP 1 3k 36 #1 R %6 75 fin
Layer Norm (LN) 4b ¥, [H 1k, 28 / 2 MSA (¥ fir th %
RN

2 =My (L)) +20s

2 =M (Ly(z")) 42",

K.

5 L JZ W i as  JE L =1,
Transformer 7 L JZ2#Ri%#s;

4)
(©))

7L7

LyCe)— 10— 4bEF;
Map C o ) ——Z 3L FE B L2 0 45 5
M p (o )—4 3% B a2 4 B 4 65

S R O ICT 2 #23 HIEC
CONROE SR -wik ¢ 3L
N

’
Z

3 ALRES R S0 b
HEAESHIEESNERR

R U 25 A 33K 3 7E Ubuntu 18,04 R 48 F ot
17 W R GG . GPU 3 NVIDIA GeForce RTX 3090,
CPU 4 Intel XEON, fr A5 fA5#84# J Pytorch S8 % AE
BRI python 4 5 (4 F R TR BE 40 28 R 46 2, AR 5

3.1

Z, & LZ

Layer Norm(LN)

MSAREH
Layer Norm(LN)

B 4 Transformer %Eﬂz%%%ik #

Figure 4 Transformer encoder module structure

113



114

iz 5 R # STORAGE TRANSPORTATION & PRESERVATION

SRR E RS 2 R 0,001, W RECH 0.1,
batch size 7 8, Ul Zh4e 4k 200, N T 3% PotatoViT B
97 fL . F7 R s v BRI 250 3 BB

(1) B 5 H) A ImageNet 545 % )l Zk PotatoViT £
T R A AR B A

(2) BEIEREARERINEAREAEGRH 1A BIEE,
38 3 A B 2 1 R Rl B B X A I A AL AT — 2B
Y5 ARAFH L o AR A,

(3) FI| FH 0 e A 2 R R /N BE A 43 391 — R 24
34y AR i LA B BT 43 PN RN A AL
3.2 MEIEMIBER

RS B0 B8 A [ R RS F A5 0 0 o B SR 35 AR 4
it PotatoViT BRI 43 PERE . ARl 4 2588 1 20 25 Fn Tl
WAL A, T OB A 53 BB (T BB (F ) |
ERAME (T BB P (F o) 4 b2, B3 3 3L dn
H(6) ~ = (D PR 2,

A __ LT, (6)
“ T,+T,+F,+F,’

JR— %
CT,+F,’

R= T ®
- T,+F,’

2P + R

\=PTR (9

A

A WETHH

P— K50

R—A %

T,— EBH R A IE AR A B A

F, FER UM Y IE AR AR B

T, — EBH Y TR A B

F, FE IR U B SRR A B

Fi—H®®R F, 185,

T VA 4 A T AE T A 6 v ) TR L X A
F B35 P HE g, #4502 Q0O BTRT

20 F

MF M

K

M-—— % AR A I Kkt
3.3 SDEBEFEMN
3.3.1  SrEROEME XA R R SE R B R TE A
Potato ViT 4 2 B 75 224 BG4 #1 2 A 8] RO 09 R e
I 43 0 B AR S 38 = a) 2 8 A T HE 51 I i A ) 2% 48
B EBRSE Cp) BH U5 i AP B, p B/ I
JPHK R ZIRER . A T i % Potato ViT 458 £ £t &1 B )
SESBK p WE N 16X 16 Fl 32X 32 PRl JE IF R IR

, 1o

BE2738 | 2024 £ 7 A | RS

B, IR0 X N 2 B AR B 4y 4 8 PotatoViT-16 Fl
PotatoViT-32, & 1 it T W Bl 4 B 3w ) 5 58 35 508
FRNHAEE ., p BN 16X 16 B, BT 4 9 e
RFNEAL F 45350 948 (ur, D 500K 96,36 %,94.75%
AT p BB R 32X 32 B AIEE T 2.82,4.03 2~ H 4
B TEIUNY G L, p BB R 16X 16 B 1 i 1 256 A4S Y
Fo MM e, 2090 89.66%,85.16 %, 58 F p &
32X 32 IFAYIRE T 3.28,4.26 N E A . IR LE R L
B, p BN 16X 16 I, Potato ViT 1 B RE W% A AL 2 9L &
FY B BIE KNG AT 55 B B ) e B R s R AT
R, J5 S 56 7P 3 B PotatoViT-16 75k 2r AR

£1 AABERRTTEIHRERRSLEE TS
Table 1 Potato shape grading accuracy evaluation under
different block size %

16 X16 32X32
JE AR - -
Yfﬁﬁfﬁﬁ HFy {ﬁ;ﬁ@%E HFy
BT > % 96.36 94.75 93.54 90.72
KNG 89.66 85.16 86.38 80.90

3.3.2 PotatoViT B I3 FAFBEEIEAG N R I PotatoViT
A S e — 26 T 4% S 1 Y00 P R 25 S M o R I K
£ FH ] PotatoViT-16 F28 @ N7 IR HE B, 3 2 B,
T 5 4 I A 8% T 00 Iz e T A R AR R 1 B AR B, TR
T R o % R 8 A T A A 0 S B QB0 H A
N R TS EUR RO . B R PR I F AR AR R
fir PotatoViT-16 ## f) Th 54 2 53 RS 1. B AOKRE , 1
TE 2 50 R A B I ® . PR AL F L 4r Bk B 97.49%,
98.98%,98.23% ,3 MM fe bty & TR B AR . KA
NG I3 288 500 22 10 5% 0 7 ARE 3, T W 2 AR AR U 1 B e
PRI, T2 T PR T B AR A v 28 R A T ) 2K ) 2%
AN CRRAE X A BEAR R BOR B AR ) R B W, il 2
W, Potato ViT-16 & B X 8IE 43 G )& 7T 17 19 , BE % 1l J&
DR BAEL PR K

[ #E . Bl PotatoViT-16 B Gt T K/ IR 8
BRI ANFe 3 TR, R 3 FTRLAE H L BRI 3 28R AR 1
PBIRT BERR% . P VR FIF, Y3k 380 % KL 1 fH 2

% 2 PotatoViT-16 HEWER S RIEE
Table 2 Potato shape classification accuracy of

PotatoViT-16 model

3 T 1) R AR 2
Y — P/% R/% Fi/%
e 1 [54) W %
e 252 10 0 96.18  91.97  94.02
1 152 20 201 2 90.13  93.93  91.99
i34 2 3 194 97.49  98.98  98.23




&M | Vol.40, No.7

£ 3 PotatoViT-16 B KN RIEE

Table 3 Size classification accuracy of

PotatoViT-16 model %
T () R AR %5
KN P/% R/% Fi/%
x LY /h
x 224 25 11 86.15  89.24  87.67
i 18 208 21 84.21  82.21  83.20
7N 9 20 168 85.28  84.00  84.63

3 HBEAR Z A A7 AR A IR U RE AR, v S5 RORE AR B R U
REGNFEARA/NE AR B Z . h T ERE
AL 25 22 B AL . 32 BI04 1 BR L A AL SR e ¢ &
RN SRR T S A, fff 15 5 4% 38 /N 4 GO i 4%
AR T ZI A4

3.3.3  RNIA) W E5ASL AL 1 A3 GORS BEDPAL B T IR A TN
ZK(MCNN)FECHM TR L Afn s X5 T, BT
IS ERFFE 4R (9 PotatoViT-16 5 7H By 8 M 5 = 5 B
HTOMC R ) CNN W %6 B B VGG16, ResNet50 Fil
MobileNetV3 # 17 T b 3. £ b 3 09 3 Al 2 A v,
VGG16 2 & 2 M 4%, ResNet50 & & J2 M %, T
MobileNetV3 & AL 9 4 . F] Al 15 4% 5531 25 48 43 51
St bk 4 RS AL YR AT I 2, SR 5 A 03t 4R X R T A A
B P RE AT IT AN , 36 4 BR TR FIRERY pp FOUEG R 0 1L
B 38 b X 3 45 2R 0 43 A FT LU Y, MobileNetV3 Jig
R B SCIE A AR 4 AR B 2% . 1T ResNet50
B8 2% BALTT I TR IR 90 46 J22 8000 38 L i HL 3R 5K 9 R AE A
B R AN Y 4 KRB S PotatoViT-16 # 7 4 jiT ,
PotatoViT-16 5 X 2P 43 9 A K /N 43 G 10 #E R 25 5 34
T At X Ll R 2% L B 4% S50 B S VE B ROR e PR B ) B
REAR B R/NRT B 2

R4 TEMEEBISLE
Table 4 Comparison of different network models %
_— IV 9 KNG

RS HFy e % HEy
VGG16 94.13 91.58 85.14 78.97
ResNet50 95.86 94.03 89.01 84.14
MobileNetV3 91.13 87.24 80.12 72.59
PotatoViT-16 96.36 94.75 89.66 85.16

4 gh

(D) WFFEIR T PO Fb o3 B 3R W X VT A A oy GRS B
BORSM . (0H 16X 16 53 He e i OB e B R A0 P, 755
TR T 5232 43 B ems W] B RS R R 16 X
16 53 A Th 4 3 9K KRN AT 5

(2) PotatoViT-16 5 B J& — R $2 B 2 J& F5 AF 1 3R R

BRPE  ETFTME Transformer WEREEREXNEHF R

HRABL Y, i g 398 5 4 JR) AR AIF B2 B, X SR A G KN 4
B VA 2R K %) 96,36 %0,89.66 % . 4R 4% HL % WL R 5T 4R
1Y PotatoViT-16 # % 5 f£ 45 DCNN 8 #UAH Lk B A 5
R BIPERE . {H PotatoViT-16 #5151 % 5 4 3 K /N 4321
FEBR R IR R — BOR R BTORS AR, B 0 B A
B EMR AT PR R TR BB R, TG ik A K R SE PR A TR
SO ER AR AR B 5T T ok 0t — A5 ik 4% A5
R GE R FHZ 48 T 28 B AME 5 /N R T i SRR AE
ZAT 55 2 2] S L AR AR I [R) 25 T

S ik

(1] M AR, @A, MR, 5. /N SR ER R gt S
IR [J]. RAVEBEIE, 2019, 41(12): 130-134.

XIAO W Z, GAO Y C, CHEN H X, et al. Design and test of a small
potato pickup and grading machine [J]. Journal of Agricultural
Mechanization Research, 2019, 41(12): 130-134.

[2] F i, TG R, AR, 5. 55T SN BE Y T 4 B A0 T i
i B A [I]. HHFEHL AR 5 R, 2018, 54(5): 165-169.

XIANG J, HE Z L, TANG L Y, et al. Research of potato quality
detection technology based on computer vision[J]. Comp Engin
Appl, 2018, 54(5): 165-169.

B fLZ e, wWerH, 2243, 55 B T HLAS AL 3E 1Y 1) 4% 38 o4 B

ARG TT 0] ARl TR 24, 2012, 28(17): 143-148.
KONG Y L, GAO X Y, LI H L, et al. Potato grading method of
mass and shapes based on machine vision[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2012, 28 ( 17):
143-148.

[4] SU Q H, KONDO N S, LI M Z, et al. Potato quality grading based
on machine vision and 3D shape analysis [J]. Computers and
Electronics in Agriculture, 2018, 152: 261-268.

[5] ELLFE, REMR U, BRARAR, 5. JE THLSE B RHIES B

B BT ANIB MR 4 0 Wk [T, ARk TR AR, 2016, 32(8):
272-277.
WANG H J, XIONG J T, LI Z Z, et al. Potato grading method of
weight and shape based on imaging characteristics parameters in
machine vision system[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2016, 32(8): 272-277.

[6] AR, Ak 4, #RHe, 4. B THLE L SE A9 T B A Ak 4 2k Ty
HESHICHI] P EARPLEER, 2015, 36(5): 145-150.

DENG L M, DU H W, XU Y, et al. Implementation of intelligent
potato grading method based on vision [J]. Journal of Chinese
Agricultural Mechanization, 2015, 36(5): 145-150.

[71SHI R, LI T X, YAMAGUCHI Y S. An attribution-based pruning
method for real-time mango detection with YOLO network [J].
Computers and Electronics in Agriculture, 2020, 169: 105214.

[8] WU L, MA J, ZHAO Y H, et al. Apple detection in complex scene
using the improved YOLOv4 model [J]. Agronomy, 2021, 11
(3): 476.

115



116

iz 5 R # STORAGE TRANSPORTATION & PRESERVATION

[9] 4% 18, 25 40K, % 58, %, 3 T et DeepLabv3+ AY%: i fb1E
Y2 R B [T AT K S 2 R CH SRR D), 2024, 42

(D: 117-125.

QU F H, LT J Q, YANG Y, et al. Lightweight crop and weed
recognition method based onimporved DeepLabv3+ [J]. Journal of
Shihezi University (Natural Science), 2024, 42(1): 117-125.

[10] WU D H, LU S C, JIANG M, et al. Using channel pruning-based
YOLO v4 deep learning algorithm for the real-time and accurate
detection of apple flowers in natural environments[J]. Computers
and Electronics in Agriculture, 2020, 178: 105742.

[11] XIONG J T, LIU Z, CHEN S M, et al. Visual detection of green
mangoes by an unmanned aerial vehicle in orchards based on a
deep learning method [J]. Biosystems Engineering, 2020, 194:
261-272.

[12] ¥ 2%, 154, skt fe, 45 JE T 5200 4 TR0 45 1 15 4% 25 41 358 Bk
B T S 3], & S BH2F, 2021, 42(10): 284-289.

YANG S, FENG Q, ZHANG J H, et al. Non-destructive
classification of potato external defects based on lightweight
convolutional network[J]. Food Science, 2021, 42(10): 284-289.

[13] FERUe, MR, HE A%, 55 2 T IR 2 20 1 15 8% S5 W 4G
WJ7 B WEFE[T]. BN 24 BE 241, 2018, 38(3): 61-66.

WANG C L, HUANG Y F, ZHUANG X M, et al. Research on-
method methodmethod potato on deep potato [J]. Journal of
Huizhou University, 2018, 38(3): 61-66.

[14] sRIE ), TRARAR, 2, 5. R S Yolov4 #5176 Il & 2%
WEEF 8 5[] Al TR 24, 2021, 37(22): 170-178.
ZHANG Z G, ZHANG Z D, LI J N, et al. Potato detection in
complex environment based on improved YoloV4 model [J].
Transactions of the Chinese Society of Agricultural Engineering,
2021, 37(22): 170-178.

[15] 52057, FEJEAR, BAR. 5L T 4 B 28 I 44 10 Th 4% 3 2 IR AG T
WA FE ] P AR AL 2R, 2022, 43(6): 159-165.

SHI F Q, WANG H L, HUANG H. Research on potato buds

BE2738 | 2024 £ 7 A | RS

detection and recognition based on convolutional neural network
[J]. Journal of Chinese Agricultural Mechanization, 2022, 43(6):
159-165.

[16] S 9%, F g, ek, 4. 3 T i1k Transformer [ 4% fiY 43 (4

A S 52 A% S TR D). Rk TR 2= 4R, 2021, 37(14):
163-170.
JIA W K, MENG H, MA X H, et al. Efficient detection model of
green target fruit based on optimized Transformer network [J].
Transactions of the Chinese Society of Agricultural Engineering,
2021, 37(14): 163-170.

[17] #RHa 75, FLWIBE, WRiE IR, 4. 3£ F Transformer Y5 72 10 3% SR
R U B [T]. Al TR~ 41, 2022, 38(16): 198-206.
XU Y L, KONG S L, CHEN Q Y, et al. Model for identifying
strong generalization apple leaf disease using Transformer [J].
Transactions of The Chinese Society of Agricultural Engineering,
2022, 38(16): 198-206.

[18] JA i fH, F 5 T . #L5E Transformer I WAF 45 BF 52 45 3R [1]. P
P4 B 24 4, 2023, 28(10): 2 969-3 003.

ZHOU L J, MAO J N. Vision Transformer-based recognition tasks:
a critical review[J]. Journal of Image and Graphics, 2023, 28(10):
2 969-3 003.

[19] BAZI Y, BASHMAL L, RAHHAL MM A, et al. Vision
transformers for remote sensing image classification[J]. Remote
Sensing, 2021, 13(3): 516.

[20] CAI G, ZHU Y, WU Y, et al. A multimodal transformer to fuse
images and metadata for skin disease classification[J]. The Visual
Computer, 2023, 39(7): 2 781-2 793.

[21] AFONSO M, FONTEIIN H, POLDER G, et al. Tomato fruit
detection and counting in greenhouses using deep learning [J].
Frontiers in Plant Science, 2020, 11: 571299.

[22] REEDHA R, DERICQUEBOURG E, CANALS R, et al
Transformer neural network for weed and crop classification of

high resolution UAV images[J]. Remote Sensing, 2022, 14(3): 592.

(k&% 73 70

[16] T3, AR, H TR K2 R AU 8 3R 7 HL S A2
RIBFFE 0], RHUEBTFE, 2021, 43(7): 240-244.
LEI L, SHI C. Path planning of automatic picking robot based on
heuristic search algorithm[J]. Agricultural Mechanization Research,
2021, 43(7): 240-244.

[17) e 6 T oot 51 0 48 R B8 vk 14 i O BEHLE AU A fL 0],
£ 5P, 2022, 38(5): 82-86.
XU Y. Trajectory optimization of high-speed parallel robots based
on improved gravity search algorithm[J]. Food & Machinery, 2022,
38(5): 82-86.

[18] T A& 3=, XA, HEI, 45, FFHEALEE A IEiZ 3)% 5 NURBS #i
LRI ], HUAR BT 5 i3, 2021, 12(4): 282-292.
ZHANG H Y, LIU X W, REN C, et al. Parallel robot forward

kinematics and NURBS trajectory planning[J]. Mechanical Design
& Manufacturing, 2021, 12(4): 282-292.

[19] Tk R A, wifa, TN, . 5 TELALIDL AR M AN KA
PRER B D] & &5 MR AR, 2024, 43(1): 48-59.
ZHANG L Z, HUANG Y, YU Y J, et al. Rapid identification of six
major tea categories based on near-infrared spectroscopy
technology [J]. Journal of Food Science and Biotechnology, 2024,
43(1): 48-59.

[20] B4 242, 19 R4, XH AL, 2. 3L Workbench 1 nCode T E. 1y
U #9585 A i 2 BT (9] HLUR 5 R, 2022, 50(13):
149-154.

CHEN X B, XIAO S R, MIN X H, et al. Gear fatigue modeling
and life analysis based on Workbench and nCode tools[J]. Machine

Tool and Hydraulic, 2022, 50(13): 149-154.



	Automatic grading of potato shape and size based on visual Transformer
	Recommended Citation

	tmp.1726451283.pdf.5viRl

