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Automated Measurement Method of Phenotypic Parameters of
Edible Mushroom Mycelium Based on VGG — UNet
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Abstract: Mycelium phenotypic characteristics of edible mushroom are an important basis for the
evaluation of edible mushroom germplasm resources and scientific breeding. To address the problems of
traditional threshold segmentation method to extract mycelium regions which are easily disturbed by
uneven light, irregular growth of mycelium and metabolites produced in the petri dishes, an image dataset
of edible mycelium was made and a deep learning-based automatic measurement method for edible
mycelium phenotype parameters was proposed. The U — Net network encoder was partially replaced with
the first 13 convolutional layers of VGG16, and pre-training weights were introduced to construct a
VGG — UNet model applicable to mycelium segmentation. The average cross-merge ratio of this model
reached 98. 18% , which was 0. 93 percentage points higher than that of the original U —Net model. After
obtaining mycelium segmentation images by this model, the five phenotypic parameters of radius,
perimeter, area, coverage, and roundness of mycelium were calculated by using OpenCV correlation
functions. A linear regression analysis was performed between the manual measurement method, and the
R® of mycelium radius, perimeter, area and coverage were 0.979 5, 0.991 5, 0.975 0 and 0.9750,
respectively, and the RMSE were 2.20 mm, 4.73 mm, 176. 74 mm® and 3. 16% , respectively. The

method was tested to accurately accomplish the task of automatic measurement of phenotypic parameters of
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edible mycelium, which provided a theoretical basis for the study of phenotypic analysis of edible

mushrooms.

Key words: edible mushroom mycelium; phenotypic parameters; deep learning; image processing;

semantic segmentation; VGG — UNet
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Fig.1 Image samples of edible mushroom mycelium

B % e EOS 850D M #HML . M iR



%13

PRIE 25 . FET VGG — UNet (19 B A 22 (A R 20 250 3 3l & 5 1 235

SR R E T 3 B, B9 040 B8 1 48 A = 0 22 AH B
52 TREFEMLIE b7 25 em &b, 3F 47 50F F HLES 3k 5
B LR P17
1.2 HFEEHE

ARSCHER AL 100 W8 B 22 1K KR, &R0 BE R
4 608 R E x 3456 2%, K %4 X h JPEG,
2a Jp B FH R A 22 R R s S . W iE 2b iR, il
JH Labelme - H5F KI5 H i TR 22 1A R85 55 I DX 388 43
SIHEAT B S AR TR, I A2 json ST, # json SCHFE
e 5 A5 B R AR T R . B 2 T, SRt o R TR
LRI, 10 S 5 TR 22 U X BUER VR Sl B 3R L IX
B, AR T s X

(a) Fiha P (b) ZAbRE () FRHER%
K2 Jathn RS T 1A
Fig.2 Original image and annotated images

H1 T 2R 4R Y AR B B b, O BN 25 1 B HE
i P R A ANZ ALRE ), R K B T A S
SUTRRORY | L B i R S 8 S R 4 5 T BOR B
PR B, e 4845 600 MR AEAS (&4 FR B A B 1
KGR o SR IR 72 20 DRk 28 50300 23 Il 2k 4R
420 R 5 UESE 120 M5 F0 X4 60 MR
1.3 VGG — UNet #EY

LONG 4" - 2015 4F 1 Y 48 T 53
B4 2 B 22 W 4% ( Fully convolutional networks,
FCN) ., [Al4E, OLAF 47" f£ FCN [y 3L ab - 47 ok

Hfidas

g |

#E, 42 U — Net R 28 J] T £ W) =~ 2 AR AT 55 o

P2 U — Net R 25 72 /MEA BB B AT
(19 430 80 R e i I s 7 T LA AR S
U — Net £ 0 70 HI4E 55 B9 SE R R . U — Net 534y Zhi
Tt 225 AR AR T 485 P TS 0, 2 1) 88 X i A H) PR R A
AEFLI, 73 3RS 4 JZFRAE P A i 25 0 2 T 5 e 4
FRERAEIEAT FORAE X RN RS B AL T 5 g 11 25 74
B 4= PO B R AR B AT R AR R S il T
VGG16'™ 3K R AE 42 BURE Iy , 1) B ) FH G 7 40
BRE 5 _E A IO R A E AT i A% o 2, a) A SR
e BT P RE FNZ AL BRE JT , TN IHEKE U — Net 14 25 A% 41 351
JrE Oy VGGL6 [ RT 13 & R, 13 5] VGG —
UNet B89 0N 3 Fros . A B T i 22 K KR
i g T 4% R AT R SRBE, MRAT B R 4 g o
512 x512 x64 256 x 256 x 128 128 x 128 x 256,
64 x 64 xS512 f) 4 MRFHE [ o 75 fif 15 3 38 2, 23 Sl
W 4 W R A 1R AE B 5 2 B i AN () )2 7 A
(9 ik PR E A7 DF 4 44, (8 v 00H SRR ik 5 32 4
(RS SN o e K = Y ) S O <00 L T o
ForERERE . BE L AH—A 1 x L & IR
PR P T T KR B A A 55 T S R Y 2
R EIEE R
1.4 MEEH

N REF VAN AR SCT 5 X 6 B 22 PR A R T 2
T B9 AT R, B IS A 3R TR AR D
{7
1.4.1 ke

P T 22 4% e/ M R TR 2 I 22 A gl A 24
il FAT AR N G A5 R K AT 4 o s IE

TR

FHARY |

SR

SHmEY

ki

Kol e | o
vy — =
(o]

—
v, N

Nel
el 1
[o\]

128
128

Ix1ZFH
= 2x285
REV:v:S —p2x2 b FkE

p 3x3FEFH+ReLU

g
b 4 4 d T
0 o0
SR
oot<t<t en
NO

K3 VGG — UNet 4514
Fig.3  Structure diagram of VGG — UNet



236 £~k

IR

2024 4

WK iR /NIMEFEIE | Z, o 22 Rl AR K8, Z
N 22 YR R B B IR L AR R R RO
Felll B AR 2 LU, T3 T 22 (AR b A0 2 Al 9 4 32 A el
(1 — 2 A T 22 AR 1) 2 AR, S — 2k S TR 22 AR
T 2 A, A 1] 2 A ARG i 2 4 1 24 (R B O BRI v P A
W22 R AR R

R,=""—""xR (1)
n

Kb R,—— W21
R RINESSUR R AE S 34
R— 8 R 42

n,

Pl 4 B 22 P A il A 2 Bl

Fig.4 Transverse and longitudinal axes of mycelium

1.4.2 W EFEK

S T 22 TR X B0 R R R g L
DX S 00 2 B 1 22 B B 6 LA S B AR 5
EPA NS

n,
L=—"2xR (2)

n,

A L—W 2R K
B 22 A XIS AR L
1.4.3 B 2Z AR

AP A 22 PR DX 30N B 5 T A R RO B R
L X358 PAY 35 JT A 1 3% A 5CEE AR 37 L) S5 o T AR
AW ZAE RN AN

n
»

A NV 2
:N—PfrrR (3)
L N— R KX R
Ny 3 FE LIS 12 2 B

1.4.4 G22I 5
PRI 22 V7 5 T FR 5 % % 0L T AR Ay T 22 4
E i RN W

N,
W, =N—Px100% (4)

Krp W—RZRE R
1.4.5 T 22 1A
il B 22 AR R B 7 O7 S T AU DL 4 B9 H AR

TR, T 22 0K 8 IE TR I, [ R 52 o 1, [
JEE A S TS TR 22 R 15 B ARG o T 22 TR T R R T
=W
L2
We=3a (5)

Kb W,— R KR E
2 XREFERSH

2.1 IWEE

S R PR 5% S AMD RS 5600 3.5 GHz 4b 3
16 GB P17 .NVIDIA GeForce RTX 2080Ti & F .
BAFHEL BT Windows 10 #8:4F R 48, % B2 15 5 2
Python 3.9, CUDA Fi A Jy 10. 2, 3 Ji 2% >J HE 28 1
Pytorch 1.9.1,
2.2 BEKEH

PR 2240 20 28 LI pR B M O A R 45 1 4
2 RBR, MR BRE L THR AN

~
N

1 n
Ly = N z z yilgpi. (6)
Toeml
Xf N—HALE i — A
—— K
n——JE 5 KR
Yo IR AR I ESESE T o,

T T, 45 DU B O
po—FEA LB T ¢ 1 T AR R

P51 R bR K I AE A 0 i 5 L SR A R R
TR 2 20 I A 2 I AR AR 458 2K o B0 A5 28 0 47 PP A
et .

2.3 BEFMIER

& OWL U A By B ROR, RS i R
(Precision) .4 [1] % (Recall) \F1 {f ( Fl-score) 31
2E 31kt ( Mean intersection over union, mloU) 3 7 &
BERIERE .

2.4 wERIS

PL U — Net Sy &1, 4 T 44 5 2% 158 20 20 1) 2 45
VGG16 il ResNet' ™' i P i 15 i 412 1) 45, 7% %1
VGG — UNet #EEIFIl Res — UNet 5880 f 3 47 X 1 512
5, BRI ZRA) bR~ 2] 654 0.000 1, {5 ] Adam fft
Ao B o7 o 2 IR AR R Y (Epoch) 2 500, 4t K
/IN(Batch size) b 4,

R T RASE TR 1] G5 I r) A S0 B RN AR AT B4 2
fLfig 71, R I B 2= 2 09 05 20K AE R R B 4 4R
ImageNet b T Il 2545 2 i) AL N FH 3 B8 22 44 5 1) A5
B gsd . WK 5 Frzs, Res — UNet ( pre-train ) £l
VGG — UNet ( pre-train ) 73 5l Sy ffi FH #5011 25 A . #)
Res — UNet # A1 Fl VGG — UNet 525, 5 A i Il £k



%13

PRIE 25 . FET VGG — UNet (19 B A 22 (A R 20 250 3 3l & 5 1 237

FUH Y 2 AR R 1| S5 I A e S50 B2 I 25 b, OF HL
FUAE 2 B T P AR

175} — UNet
— Reb—UNel( )
— Res-UNet(pre-train
L50F VGG-UNet
— VGG-UNet(pre-train )
125§
=100
5
=075
0.50 d

0 100 200 300 400 500

5 A5 AEALYIZRA5 K (] il 23T L

Fig.5 Comparison of loss curves for different models

in training
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Fig.6 Comparison of segmentation results between

threshold segmentation method and proposed model
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Fig.8 Examples of extracting phenotypic parameters of edible mushroom mycelium
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Tab.3 Comparison between proposed method measurement values and manual measurement values
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