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FIEE 2o — 2 OHEREN O EIZMEO, wifg b EXR T HEAE TR RIS B %
DRFB A MG 13 T (BaAR) OWH %Tﬂ(ﬁﬁkﬁﬂﬁ—/%&ﬁmbté®) DR
12 &0 EHRERRREE I A TR IZI B L 72, & b DRR WAL L v En S KREABINEREY 5 5. EWiE
ARREN) & RIS BRIV D HE S TR D, kD i —RET e HHEL EofikEr k&< (M) . %
HHUZ X 220 —iA, “AlBf{§2 W 12 & > Tl 75 % RO WG OUESNEE (Dy > TL) Th b,
EMAONLS L LT3, HIAIF2018%F12, N —JiTC. ZRMEONRE T 5 BT T L
BIRA 5 DA 2T HAIY 7 b = TH SR OWEMETEA SR D 50, Z ORGELIIZ BT 2
) & 75 % PR3 i PR BEER 3 S vk 12 D < JRGE & SEA IR Lo K amET -2 &, Tk
fFL. ttaFEEIhODH 39, BIL 7= RRKEFEGE P RETH S5, ¥ TILHAR
RENFIZEOTE, ERZ WA O Ie H 2 1 U ZZIRP T, Gl eE” LI B IREICHHD .

I T3 (Fig. 1). B TR, KERE - RER - MHEDERNETF L LG L0, TD& D A
YRR ] 2 EAFI O IREZ HRL TR 5 Z L h % RIS LT, BBl Pk e Py L. EERIC R -
Vo LU, 2RO BEERE S35 C b - C & R 2 1y RAEMI O E R W Dt 29238 4 HBLL 720 THIIT

BEEL WAL H D, WEHR TS EN THE ERCE

n Convolution
Feature extraction
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Predict nutrition, efc.

m Application of imaging technology in agriculture
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EPeRE L -SHEERGZHBERORRE

1. SRSEMBICE T 3REOSEMIE

BR O D . AYIEE O W FEIC & 5 L8
TR ORELIZAE S Tlda v, ST,
ZOMEIZH LT, 5 A2 2MEE5#H - Wi 5
ZLICkDRiRL7z, Thabb, IEEICHEML S
Sy JE R A T & 2 72 0 BUR 2 B 5o 2 o JH B RE LS 4y
fEL, &EEICET 3 2EHET L QRS HET L)
EHEL %, ZOMARDLEIZX > TIEORE%E
R LW FETH B, ZOHETIE, EEFLIC
Ko 5N BEHENEDS T A B Z & Tilye® s x <
O, FERE L THHEMEOR ERRIAD 5, Bl iEn
MO M {$ & M 5 & &, —fENIZIZ DO DL
BHETMCK > THBBHEITS &2 A, ATk
TIInCol ) D2 AT TN EREE L, Tho s
ABbE DI ETERSRETS (Fig. 2).
WFETIE, HFEDRO SR MBI L TR
ARFEEEHAL, L0 SRS HET LRI T
& 2 Mt L2z Bl AT 5. WERBRNC BV

@A) Novel approach

4C2 = 6 simple models
for classifying two groups

®)

T a FhEHOGE, ZHOMNHMEOK X
RBWATBE 2 W R HPE XN B Lo 7= 308 & fadi
XT3,

2. WEYREEANDICH

(1) 73T F4

NI DEEIRETDH 5N M (Downey mildew) .
HEY (Black spot). XUYR (Rust), BHXU, 5 &
AW (Powdery mildew) #x% & LT, ZWET
LDOWEEERAT (Fig. 3(A))., ZZ T, BIwEIC
DNTHIS0~100/ D #EHOBg T — & (P¢E T —
&) L2 RE OISR T — 2 K200 (BREET— &)
2H 2T, FEETVOMEL Ml Z T - 72, 9
W 2 FRIC K DA O EE T L (SRS HT
TU) EWEELZEZ A, FET - 2B T 5 EEH
(LAF. 2#EKE1) 1398.6%TH 724, MiET — 4
2B IEEHR (LU, MEEHE) 1366.3% 125 X 7%
Moz BRRET — 2B RN 255 OE{$ T
Y. ZEHFETLOPHEOI & R S h iz,

General approach

Group

“

AorB

1 complex model
for classifying multiple groups

plz/f)ir:l;)i%@h(l‘z) Group A Group B Group C Group D Total score
Group A - 70 100 100 270
Group B 30 - 70 60 160
Group C 0 30 - 60 90
Group D 0 40 40 - 80

B Novel approach to the high-complexity classification problem in bioimaging
(A) Characteristic of the learning approach in our method. Six simple learning models are constructed in
our novel approach, while one complex learning model is constructed in the general approach. Each red
line and arrow indicate an individual learning model for distinction between or among groups. (B) Diag-
nostic method in our approach. Each total score equals the sum of membership probabilities obtained
from multiple models. The scores indicate the expectation of a belonged group.
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GV

B) . ©) Predicted diseases
12 \Ifglslsoss} 4-group classification
| . \17215 ?oss} 2-group classification

Downey mildew

Black spot
Rust

True diseases

Powdery mildew

0 10 20 30 40 50 60 70 80 90 100

Epochs

Sample images and classification results for four rose diseases
(A) Images of four types of pests: (a) Downey mildew, (b) Black spot, (c) Rust, (d) Powdery mildew. (B)
Difference of training and validation loss in the training process. (C) Confusion matrix of the predicted
result. The diagonal cells indicate classification accuracy, and the other cells show the percentage of mis-

classification. Blank cells indicate 0.0%.

oL (HOBEZ L TPHREROZE) OHER % a4
5 &, AR TIIMGET — 212349 % 020041
PO T E#EPRPEERI LTS (Fig. 3(B)).
—H. RFRICED6ED (= 4C2) D2HAFHET L
EMESEL ., BEET — & A 5HE L 245K 2 Fig. 3(C)I
A, 22T, BT — 4 2K HET LN T
138, Fig. 2(B)® & 9 IZMembership Probability %
FH L. Total Score P im A& s >7=7 L —T % ¥
HWRERE & U7z, F£72Fig. 3(C) Tk, HOEZ & —
U 7=8E 2 L (BREEREE) (SR LTED.,
A—HOEE MO IIZTRL TS, HJHEIED
WREEREE 1384.6~100.0%TH D . REFIIH T 5
FEXERE1394.1% (EZMO EMGEmEGEHRE) & 7% -
7oo —MAMTFIRICK AR E IR U TATHEIZK S
ZirfgiEkE<mELTE ., ZOAEMEIRIE

Shiz,

T, N7 OFERISHE AR & U TR D BET
#11-72 (Fig. 4(A)). 13#FHE 7L O FNERR I
MGERGE 2365.2% (SFEKEE96.6%) & 75572, Wi
AFECIOAHETNEMEL 72, T2 TIEMA
BhEDOBOEKREMET 27212, Hif§%E 4 TLY

MEIEA BLUMOD - OOHF IV IZHETEET
NEFTREL, plEh&HT T NT2HHH
ETLEMEL EREMAE L (4 EL VM Ce=
6y, JEA EL TR 9C2 = 363D, Fig. 4B))., &
TS & > THRZ & OMEEREE X 75.0~100.0% &
0, AT S MEERS1393.8% (EEAE
EMEEEEAE) & KN gGE <7z (Fig. 4(0)).
PEnZ e, AFHZ, EHAHEICIBNT %
Mizfiibh s Pk i LT, & EkEs%EE
FINEWEETE DL Z ARSI,

(2) F YO HEf
EHICAREOPHME AL T 52720, F vy XY
dd (T — & 950~100/%, BEET — % 2 $910
~30f%) 1xt U ClRIBR DG 217 - 72 B H R E
w6, NERGREEZ MR (Fig. 5(4)) &L
TS LN HET L AR 5 L. Wbk
1369.1% (FEREREY9.5%) L&D EKEEIEE Ak
WHERE 57z, —T, ATFHRIZK D HHETS &
R L OBREEREE1E75.0~100.0%, &EFEHICx
2 RRAEREE 1394.5% (EBEBO SRatmig i) &
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B) 13 insects
I

4 insects 9 insects
Caterpillar-like category

4C2 = 6 models 9C2 = 36 models

©

Non-caterpillar-like category

Predicted species

Aphidoidea

Thysanoptera

Arge pagana

Arge pagana larva

Cerambycidae

Tetranychus urticae

Spodoptera litura larva

Mimela splendens

True species

Mimela splendens larva

Coccoidea

Moth

Aleyrodidae

Auletobius uniformis

B Sample images and classification result for thirteen rose pests
(A) Images of 13 types of pests: (a) Aphidoidea, (b) Thysanoptera, (c) Arge pagana, (d) Arge pagana larva,
(e) Cerambycidae, (f) Tetranychus urticae, (g) Spodoptera litura larva, (h) Mimela splendens, (i) Mimela
splendens larva, (j) Coccoidea, (k) Moth, (1) Aleyrodidae, (m) Auletobius uniformis. (B) Concept of catego-
rization. (C) Confusion matrix of the predicted result. The diagonal cells indicate classification accuracy,
and the other cells show the percentage of misclassification. Blank cells indicate 0.0%.

%72 (Fig. 5(B)) . ATFEIC K DR -2
. 2R Th BFEBINE L LS Than
B, EEOKIBANERTH DI LN HELT
WaEEDLhIEGEREEN TV, ZOREICD

W, RS ER O D LIS K o TR
EALD AT T & TR 5 Z LR X iz,

PLEDSBENIZ o0 T &2 T3k & 20~
30% B M TORMAHTRE & W ) RERIE. ATAT
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()

True species

Helicoverpa armigera larva

Predicted species

>
@ @ o (@
) 3 3 of N g0
o oY N Y Y
¢ PO sN
5 <> e o &
\6@% e\ﬂo OQ@ e‘wﬁ. (b\gb &@0 ,3\0 6\6 e"Q w‘@ “0‘0
W 9 ¢ ¥ o W\W 5 0 o e
U R i G Lt
Aphidoidea
Cabbage worm
Thysanoptera

Tetranychus urticae

Agromyzidae

Spodoptera litura larva

Plutella xylostella larva

Aleyrodidae

Spodoptera exigua larva

Mamestra brassicae larva

B Sample images and classification result for eleven pests

BERETADNRY ORI Z LHEIZR# L. £ O

(A) Images of 11 types of pests: (a) Aphidoidea, (b) Cabbage worm, (c) Thysanoptera, (d) Tetranychus
urticae, () Agromyzidae, (f) Spodoptera litura larva, (g) Plutella xylostella larva, (h) Aleyrodidae,
(i) Helicoverpa armigera larva, (j) Spodoptera exigua larva, (k) Mamestra brassicae larva. (B) Confusion
matrix of the predicted result. The diagonal cells indicate classification accuracy, and the other cells show
the percentage of misclassification. Blank cells indicate 0.0%.

rF—2& LT, Y UyIL - GEREEET 2HRE

MO EEZ IR SR TR ZEEREBL TS,
B BB Ay #4 5 2 L TRt A B Eh
THD. PHEDECFERN 22T TN T
FHFLETHHLEEL TS,

FEH

AR TIE EMO G2 I % 20 MM
% WA 2Ry MR E DM AG DRI L. B8RO
HEHET L EME TS5 LT, s THE I
RUTERZIC2cE 28 a2 Lz E7 0

HOEGBZWNICEH U 22 5E, —Ai % S T
FL & B U CRe Wkt 235920~ 30% F2 i | L 7=,
EVIOBHELINIZ I\ T ZHFS FHREE % 28 0 FHA
fitg &3 mEO WA I, R E U TRk
FEETFNOMEIZBREZLERLTNS,

bW

AighioEE LT, nA 73T @i%b[l 2IE
T, fHAGDEDOEPKRT 5720, B H*F'EJ’&‘
B2 ehnhroTnsd, B, il 5CPU
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AP T REICEDHIBL T3, S5HIET7T L
TY) ZAEQR L, GHRBMERE ISR D i & ol
12Uz, — BT Ytk 7 2 v IR AR & F
LU, BRICEKZFHEEE L2~ KT 7)) WE
HZMEXPESTSO UG & filha L 729, & 7= AR+l
AAHCE T4 kv 223N TRE Y, BRESHRO X

ML= — & RIC L E{E 2 — 2R
G X N7z,

E{SRZWENE. BIEYMOWERZEOAL ST,
fdthfE - RESTIZB W THMENRET S/ vy
DOAZARAE R FED DY) 2 - 3L LT
AL EHEA T gD X3, Yt T
F U 72 S T — 2 BRI FI TR S S T dH
D, UEFTIZHE TS X F I A ERYIBH L
TWNWEWEEZ TS,
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