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is the cap, the green part is the stipe, the yellow part is the left gill, and

the blue part is the right gill (since the difference between the left and right areas of the mushroom gill is not clearly specified in the shiitake

mushroom rating standard, the left and right gills marked only distinguish different areas on both sides of the stipe ). The surface of the label im-

age is presented as a color image, but it is actually a single-channel grayscale image, and the color part is a false color overlay with a mask.
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Fig. 2 Part of the data set used for model training
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Table 1 Comparison of U-net and Psp-net

evaluation indexes %
598 Model mloU mPA
U-net 85 91
Psp-net 58 68
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Table 2 Evaluation indicators of U-net on cap, stem,

and left and right gills %
mloU mPA
% Cap 91 97
A Stipe 88 95
ZE W Gill L 80 91
AR Gill R 81 88
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Prediction results of partial mushroom images
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rectangular method and the centroid method
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Fig. 8 Schematic diagram of measuring cap
thickness using centroid method
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Fig. 9 Comparison between manually measured and automatically measured phenotypic

parameters of shiitake mushrooms

2% 3k References

[1]

2]

[3]

[4]

[5]

(6]

JAR S, Fh R A 2 LR [T ] 25 AT, 2020, 28
(6) : 461-465.ZHOU W, LING L, GUO S.Overview of the
edible and medicinal value of Lentinula edodes|J]. Edible and
medicinal mushrooms, 2020, 28(6) : 461-465 (in Chinese with
English abstract).

Pk EE, BN IRRRIL, A RS M A W M B 5
JE 1] B i 45 T,2022(5) : 147-149.FEI C X, WANG J,
GONG S Q, et al.Progress in the biological activity and appli-
cation of the mushroom polysaccharide [J]. China food safety
magazine, 2022 (5) : 147-149 (in Chinese with English ab-
stract).

EM IR AN, A R T 0 T T3 R e IR
A [J]. 13 25 BT, 2023, 31 (4) : 229-233. WANG B,
ZHANG M, NI L Y, et al.Current situation and development
trend of processing products market of Lentinula edodes[J].
Edible and medicinal mushrooms, 2023, 31 (4) : 229-233 (in
Chinese with English abstract).

Wi g e kI A (LS T st [0 ] B A, 2023, 29
(6):26-28.CHEN Z E.Application value and prospect of Len-
tinus edodes[ J].Modern food, 2023,29(6) : 26-28 (in Chinese
with English abstract ).

VLY, FIET, IRACHT, 55 BT 25 SN BT AL e A
MG 5 FRTFE[T]. A" ST (3£ 7)), 2010(10) : 4-7.L1T B,
WANG JY,SU Y N, et al.Detection and gradeing on exterior
quality of fresh entinus edodes based on computer[J].Academ-
ic periodical of farm products processing, 2010 (10) : 4-7 (in
Chinese with English abstract).

MRer, B 2ol 5 T SO M I B 2 i B o e ik [T .

(7]

[8]

[9]

[10]

[11]

Rl T 24z, 2014, 30(3) : 285-292. CHEN H, XIA Q,
ZUO T, et al.Quality grading method of shiitake based on tex-
ture analysis[ J]. Transactions of the CSAE, 2014,30(3) : 285-
292 (in Chinese with English abstract).

TF R FLIFH 45 3T SR300 T B AR HILAY 46 18 7% J5 107
T A [T]. 4R HLBR 24, 2018, 49 (12) : 13-19. WANG
L,XU W,DU K W, et al.Portabella mushrooms measurement
in situ based on SR300 depth camera[J]. Transactions of the
CSAM, 2018, 49 (12) : 13-19 (in Chinese with English ab-
stract).

T H A R, 55 FE T HL AR L 5E 1) XA B 75 7 2k
A3 R g et 5l [T] 4l TR, 2018, 34(7)
256-263.WANG F Y,FENG W J,ZHENG J Y, et al.Design
and experiment of automatic sorting and grading system based
on machine vision for white Agaricus bisporus [J]. Transac-
tions of the CSAE, 2018, 34 (7) : 256-263 (in Chinese with
English abstract).

TR X Bk, 45— b S A e 5 5 L 0E - SRR G T
[T]. &k 5 #2021, 37 (3) : 105-111. WANG W,LIU Y
C,LU B, et al.Design of visual grading system for fresh stipe-
free shiitake mushroom[J].Food &. machinery, 2021, 37(3) :
105-111 (in Chinese with English abstract).
LA, Tk, 2R, T G YOLOVS (4 5 P-4k H
B A 55 43 25058 [T]. 40ll TR 241, 2023,39(17) : 163~
171.WANG L L, WANG B, LI D X, et al. Object detection
and classification of Pleurotus ostreatus using improved YO-
LOv5[J]. Transactions of the CSAE, 2023, 39(17) : 163-171
(in Chinese with English abstract).

B 4, TR Bk, % 5T Unet+ -+ BIBRL G 4 A 2
i ik B T RBOCLT) B S HLBR, 2023, 39 (11) + 53-57.



4 XA 45 BT U-net MF I FAMRIUT % 309

SHEN Y, XIE F, WANG Y L, et al. An automatic high gent grading system of Tremella fuciformis based on machine
throughput colony counter based on Unet—+ - segmentation vision [J]. Applied engineering in agriculture, 2022, 38 (6) :
model [J].Food &. machinery, 2023, 39 (11) : 53-57 (in Chi- 961-973.
nese with English abstract). [16] MUKHERIJEE A,SARKAR T,CHATTERIJEE K, et al.De-
[12] bk, ok, AN, % . gtk YOLOVS B & 4 7ok b i velopment of artificial vision system for quality assessment of
R 7 2 [T]. Al TR 24 4k, 2024, 40 (9) : 182-189. oyster mushrooms[J].Food analytical methods, 2022, 15(6) :
YANG L,ZENG D X,BIAN Y B, et al. Recognizing fruiting 1663-1676.
body growth period of Lentinus edodes using improved YO-  [17] R3r2F iy, skt &, 55 3T 2ok U-net 9 JOg FER A 1A
LOV5 [J]. Transactions of the CSAE, 2024, 40 (9) : 182-189 B FANESA LT ] AR MUK, 2023, 54(11) : 180-
(in Chinese with English abstract). 188.ZHU L X,LAT Y J,ZHANG S A, et al.Image segmenta-
[13] LEE C H, CHOI D, PECCHIA J, et al. Development of a tion and pose estimation method for pitaya picking robot based
mushroom harvesting assistance system using computer vision on enhanced U-net [J]. Transactions of the CSAM, 2023, 54
[C]//ASABE. 2019 ASABE Annual International Meeting (11):180-188 (in Chinese with English abstract).
paper. MI.: ASABE, 2019:1-5. (18] fASCEE, MG, B 4%, 45 . L F 50 i Ak U-Net [ 2% 1) S el 22
[14] JIJT,SUNJ W,JIN X, et al. Measuring the cap diameter of (] gt A% TR O i [T ] ARl MU 2 41 , 2024, 55(2) = 16-27.
white button mushrooms (Agaricus bisporus) by using depth HOU W H, ZHOU C Q, CHENG Y, et al. Path recognition
image processing[ J . Applied engineering in agriculture, 2021, method of orchard ridges based on lightweight U-Net [J].
37(4):623-633. Transactions of the CSAM, 2024, 55(2) : 16-27 (in Chinese
[15] ZHANG Y P,ZHU S J, WANG H, et al.Research on intelli- with English abstract).

U-net based method for extracting phenotypes in shiitake mushrooms

LIU Yan', LIU Huan',ZHANG Enshuai',ZHAO Wenrui',ZHU Zihan®, BIAN Yinbing®, LIANG Xiuying'

1.College of Engineering , Huazhong Agricultural University, Wuhan 430070, China;
2.College of Plant Science and Technology, Huazhong Agricultural University, Wuhan 430070, China

Abstract A U-net based method for extracting the phenotypes of shiitake mushrooms was proposed
to solve the problems of the low level of informatization and the time-consuming and laborious manual mea-
surement of phenotypes in shiitake mushroom. U-net based segmentation of caps, stipes, and left and right
gills in shiitake mushroom was achieved by collecting the cross-sectional images of shiitake mushrooms and
establishing a dataset. The results showed that the average intersection to union ratio and average pixel ac-
curacy of the model was 85.00% and 91.25% , respectively. The automatic measurement of five parame-
ters for phenotypes in shiitake mushrooms including the cap diameter, cap thickness, stipe length, stipe di-
ameter, and gill width was achieved by combining the centroid method with the minimum bounding rectan-
gle method. The method proposed had mean absolute percentage error (MAPE) of 1.57%, 5.01%,
2.57%, 5.47%, and 2.74% in measuring the cap diameter, cap thickness, stem length, stem diameter,
and gill width, with the root mean square error (RMSE) of 0.12 ¢cm, 0.08 cm, 0.09 cm, 0.10 cm, 0.06
cm and all determination coefficients (R?) exceeding 0.90 compared with manual measurements. It is indi-
cated that the U-net based method for extracting the phenotypes in shiitake mushrooms is suitable for mea-
suring phenotypes in shiitake mushrooms with a high accuracy of segmentation. It will provide strong techni-
cal support for the sorting and grading of shiitake mushrooms.

Keywords shiitake mushrooms ; image segmentation; extraction of phenotypes; U-net
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