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Abstract: [Objective] To conduct structured storage of complex and heterogeneous data information in the
field of rice diseases and pests using knowledge graphs, establish semantic relationships between diseases and
pests, and provide a theoretical basis for rice diseases and pests association retrieval and intelligent diagnosis.

[ Method] Firstly, a method of constructing a knowledge graph for rice diseases and pests was proposed. At
the same time, a series of graph-based retrieval algorithms for rice diseases and pests were proposed for
information mining, through introducing solar terms entities to achieve early warning of rice diseases and pests.

Secondly, a knowledge reasoning method based on the combination of certainty factor (CF) model and
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knowledge graph was proposed to realize the intelligent diagnosis of rice diseases and pests by combining CF

with the symptom of diseased plant. [Result] The accuracy rates of named entity recognition model were 0.92,

0.90, and 0.87 in disease and pest name and hazard symptom entities. Further, a knowledge graph of rice disease

and pest domain including 1 972 entities and 5 226 entity relationships was constructed. Through the self-

developed intelligent diagnosis system, case analysis was conducted and the test showed that the correct rate of

the diagnosis algorithm reached 86.25%. [ Conclusion] This study effectively solves the complexity and

uncertainty of knowledge in data retrieval, early warning and diagnosis in the field of rice diseases and pests, and

has a strong practical value and extension prospects.
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Fig.1 The ontogeny construction figure of rice diseases and pests
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Table 1 Parameter settings of Bi-LSTM-CRF model

ZH ZHH
Parameter Parameter value

F A EYEE Word vector dimension 100

[k /= 45 %1 Hidden layer dimension 128

2% 2] Learning rate 0.001
it~} Batch_size 32

2 ] Z I Z Dropout rate 0.75
IEARYREL Epoch 50
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Table 2 Named entity experimental results

Table 3 Examples of triples in the entity relationship of
rice diseases
NN KER NN
Entity Relationship Entity
IKFELUH I REL CI Wil J& Oval shape
Rhizoctonia solani
IKFESUR I REL CI %44 Dark green
R. solani
IKFESUR I REL _CP i #] Seedling stage
R. solani
IKFESUR IR REL_CC SRR IR
R. solani Promptly pull up
diseased plants
WA Oval shape REL_ID A Leaf blade

SEARRTY ETES HEE  FIA

Entity type Accuracy rate  Recall rate  F1 value
I3 E 4 #K Disease name 0.92 0.88 0.90
HH A FK Pest name 0.90 0.87 0.88
fEERER Hazard symptom (.87 0.84 0.85
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Table 4 Knowledge graph entity types and properties

SEARZK A Entity type

Sk JE 14 Entity property 244 Example

Category
Control methods
Period

Damage site

111 spot

Pest category

Insect structure

Morphological characteristic

Disease name

IKFESRG 7K A A I

Rhizoctonia solani, Xanthomonas campestris

Control methods name HKEE . Tl

Period name

Shallow water and diligent irrigation, colorless insect-proof net
THHA. 4rBEHH Seedling stage, tillering stage

Damage site name . 2= Root, stem

111 spot name

WG4kt 7KIZIR Dark green, water-soaked

Pest name TAGEE . R G
Chilo suppressalis, Cnaphalocrocis medinalis
Insect structure name S, Mg Head, thorax

Morphological characteristic name & H . ik Grayish white, fish scale shape

Developmental stage Developmental stage name #H. W Larvae, chrysalis
Hazard pattern Hazard pattern name JM% . & Prickly suction, leaf-eating
Solar term Solar term name F 4y« /N2 The beginning of spring, lesser heat
it/ Total 1972
*=5 MRENELAHXRLBAL RN
Table 5 Knowledge graph entity relationship types and properties
ek R RRA SRR R B .
Entity relationship Entity relationship A0
type property Example
REL _CC Relce name IKFESURE 5 16 T3 15 2 2 FE Bk
Rhizoctonia solani was prevented and controlled by scientific irrigation
REL_CP Relcp name TKAE ST 93 R B B 1 3]
The onset stage of R. solani is seedling stage
REL CI relic name. CF  KFEGURGR AER N A RS &t KRR BE
The symptoms of R. solani include dark green, water-soaked spots
REL_ID Relid name M gt €2, B0 35 17 A2 -
The part that appears dark green is the leaf sheath
REL_PH Relph name AR 77 2 B
The damage method of Chilo suppressalis is borer
REL PI Relpi name CAGHESEAR SR AT A B B A
The C. suppressalis symptoms include withered yellow spot
REL PM Relpm name. CF T AVIETEASHFE NG HE 16 L\ 28
The C. suppressalis morphological characteristics include dark brown longitudinal
lines
REL MI Relmi name SR B MER A, T =
The head exhibits copper-green, sub-triangular shape
REL_MD Relmd name e N2 LI B = 4 A
The developmental stage that appears dark brown longitudinal lines is larvae
REL CS Relcs name IKFEGCR o H B S oL

The solar terms for the emergence of R. solani is the beginning of summer

B Total

5226

2 kFET R E HIR EEHEE

21 ETEBEEENKERREEERE B AR 5, B 22 o M0 ) B B A, 4
SRR R R BT, B RS RS AR AR R R B 3L, T AR
ST B R R, R D AT BRSO TR — B R, 47 L TS AL
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23 ETHEMEFEIMMIZEELS S K

R E S

23.1 #HOHREFEAE TR AR

AN RE HHE B 0 AN E RN T 5 AR BE A — Ay
2%, BRI R R MYCIN L X R4%0. /K8
FeWreh, BEASEEIRX T H B R H N E R,
BRHM T I CF 8, KRB

IF A THEN B CF(BIA)

Fod AL B 73 WINRTHE RS 18
i PER T P R
P(B|A)- P(B)
1-P(B)
CF(B|A) = 0,
P(B|A)- P(B)
P(B)
FEZK ARG B2 W, 55 0 TE PR 7R 3
A5 IR, BT LA Z5AE A 5 PR R AL
R, B BT AR (7) 13-
CF(B|A)(1-P(B))+P(B), CF(B|A)>0

P(BlA) ={ - (8)
(CF(BJA)+ 1)P(B), CF(BJA)<0

, P(B|A)> P(B)
P(BlA)=P(B) - (7)

» P(BJA) < P(B)

FARYE P(B), B B FISCIGMEAR, 4 REMS HH &
M. P(B) W] LAIE I o8 22 96 B Sk es Y 38T
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BHEMATCH, HEZ P(B)=0.5.
232 ATHENATFEE R BiEE 005
RAERE A W HERECECS R, Y5 CF 1€
R R M BT R, R XTI CF B
YEN REL_CI K R MRRIR & 1 51 N iR B etk L
SR 5 e TR IR S ARk () AU — > CF . HZ
W2 I — Pl 5 Bl SR R 2 AN REIR 1
o X THERMIATEET 5, 98 2 2N SCRE
S5, B4 S5 R A E YR T A O
CF(B,A) = CF(B,A;) + CF(B,A;) -
CF(B,A|)xCF(B,A;) . )

FER FH R B 1 gk AT K AE o U 2 Wl R
AR N TS L, BCF(BIA) < 0N fFAE,
2 H B2 A RE IR R HREF R OSBRI, 1k A
(9) #ATHAT CFEH5 . RS Wl fE b, ik
FEREAN B TUASREAR I, T 325 40 B Jen 1 P v A L
RIRIIZRE IR T8 58 2 8 TR A s 35 B U5, SR
CF AR B 1% 25 G 10 5 V25 X A A1 e P 1)
R, AR SRR W T

& \: ListSymptom = {M1,M2,M3} 3 FiAEIR;

i MIM2,M3 e HEREIR T, B MEEE B
= B IET 3 AN

PR 1: X ListSymptom {M1,M2,M3} HEIR 3

ITHE, 1325 L

R 2 WS HEE AT I, F13% L R51E i=0;

AP 3: while i /N THIE L K

IR 4 MRS LI R 51BN R 9%
A R, FEHE P AR T AR O R FHIE S Ds

IR 50 if D A NS then;

PR 6: FEHCHE P b A R O B U AT
& CF,;

AR 7 AR (8) B R R

A B 8 RAEIR | U 5D S B
RecDict H';

PR 9: MR L FRAE X 45 R AR BEAT s BN
IR

A PR 10: U 85 A b il 3 HAEUE, 5 N4E
R ResDict 775

I8 11: return ResDict.
233 AKBERREFLSH BT ATEREM) MR
FHSRAE R, R ] 0 Bl &2 21 (0 7K AE s B S
AR R BAR H 2 . B U P S st
3 T61 B, (B SR A 7 R % 0 W58 21 (1 7K R LT
R BUAERBEAT IE B R A IA

S FHIE T CF AR B 45 G 1 AR 2 7 v
HATIZHT, K 6 A 1 AMSHrsfl.

R6 LHILHIR
Table 6 Table of examples of diagnoses

. SER A TR WEAWAN et
IR A2 R I T AR ) .
1D Symptom . Disease Certainty
Symptom name Disease name

name tag name tag factor (CF)
1 ME&{0 Dark green H1 IKFELNG Rhizoctonia solani Ml 0.55
2 KIEIR Water-soaked H2 IKRBLGURER R. solani M1 0.55
3 W&k Dark green H1 N 1 2B Xanthomonas oryzae M2 0.36
4 JKIRIR Water-soaked H2 N 12K BLW X oryzae M2 0.36
5 &l Curl H3 AT VESR PN X, oryzae M2 0.36
6 &Lk Curl H1 IKFE A58 X, campestris M3 0.47
7 JKIEIR Water-soaked H2 JKFE AT X, campestris M3 0.47
8 &l Curl H3 IKFG A9 X, campestris M3 0.47

F P68 H B R 47 18 4%, B CF AL 5
R EE S S M EE R PB R AL, BIPB)=
0.5. BARIHHEAPIRIT:

515 S HEFAG KA SO 40 BE M 2%
BRI R K A ) CF B 437008 0.7975.0.7379
10.851 1.

IK RS : CE(M1]|H)=0.55+0.55—0.55%0.55=
0.7975;

Y0 B 1 2% BEJ% : CF(M2|H1H2)=0.36+0.36—

0.36x0.36=0.590 4,
CF(M2|H)=0.5904+0.36—0.5904x0.36~0.7379;
JKRE A A : CE(M3|H1H2)=0.47+0.47—0.47x

0.47=0.7191,

CF(M3|H)=0.719 1+0.47-0.719 1x0.47~0.851 1;
552 30 T P AT R — s S B

MEZE T w5y, T DAR A 0 1 DR A5 Y, SR LR s M

FH IR . 8T RS 3 v B REER 40

49 0.8988.0.8690 1 0.9256.
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K & L0 9%« P(M1|H)=CF(M1|H)(1 - P(B))+
P(B)=0.797 5%(1-0.5)+0.5~0.898 8;

YT 1 245 B9 : P(M2|H)=CF (M2|H) (1 - P(B)) +
P(B)=0.7379%(1-0.5)+0.5~0.869 0;

FIHAR: P(M3|H) = CF(M3[H) (1 -P(B)) +P(B)=
0.851 1x(1-0.5)+0.5~0.925 6.

s T HH I K, i WK RS AR 0 )
AT RE M AROR, R g R RE R AR 1 R KRR e
Fii97 o
2.4 EAMERT

S B AR AR 12 W 45 R IR %6 (Accuracy)
BEATHIW . FIHEW RGN KETFEE 49 Ay
8 v W AT S BRI, B KR L R i &
%58 80 BIFEAR, JFRIBULEF 7 ) 8x8 JRIBHIFEH .

I 1L FIEH (True positive, TP). i 1Ef] (False
positive, FP). i £ 1§ (False negative, FN). E 11
(True negative, TN)4 AR FRTF 2 1P 2 Wr IR
R E AR

TP+ TN
TP+TN+FP+FN’

20 (10) 75 80 IR A B IE A 2, JFAR I TR
BRI T IR IE
11+14+6+9+7+8+10+4
80

5 b, AW FUHR B T R0 TR B A E TR
TGS & HIZ WA IR 20N 86.25%.

% = (10)

NRHESES = 86.25%.

FIR A
Knowledge graph construction

””””””””””” mig#e T

Knowledge modeling

PR AT A T

Building domain ontology AR AP e P
= Ontol i
TSI knowledge araph

Analysis of field ontology

JRE Il
. Knowledge extraction
VHESERAE SR 2B e B
1| Unstructured and semi- [cawier” | Bi-LSTM-CRF model —» iy
structured data

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

HIRAAE Ak

Knowledge storage

At S AR

Storing basic table structures

FIR T AL Y
Basic structure of
knowledge graph

RS
Node collection —

E TS =G4 Triad
Relationship set

HR B
Knowledge graph

KA
Relationship

= 0 14 0 0 0 1 0 0
g2= 0 1 6 0 1 0 0 0
<
500090000
F
@> 1 0 1 0 7 0 0 1
@

0 0 0 1 0 0 10 0

vib v vi VoIV
=
o
=
=
o
o
o

1 0 0 0 0 0 0 4

I 11 11T v \% VI VI VI
THE Predicted value

[ : KKFELHE TR Rhizoctonia solanis 11 : FE&IEIR Pyricularia oryzae; 111:
IKFEFEFE I Sclerophthora macrosporas IV : &M Ustilaginoidea virens;
V: AR Fusarium graminearum; VI: KHg A M A5 Xanthomonas
campestris; VlI: /KRG % Fusarium moniliforme; VIl: 7K & 4% 2 B
Cercospora oryzae

7 8 MERRENRFISHEEEITNER
Fig.7 Evaluation results of system diagnostic
performance of eight common diseases

3 JkiEmARERIREEN A

3.1 KFGRHEEEREICHEE RS

T Xof 7K 7 ER U R R TU AR A R 2RI
RF R, /KRG T Y I R R, P AN
A LUK Z K R RS A OGNk, i LR DU I
ARAZ WK B o B, TR 2508 Jg P (R R
i, T ARFEA 7K 5 B . AT R 1A
80 Z Fii He A B2 T R G, FLREAR B HH /K ARG
973 EL T R PR T R R AR 2 KR A L, T 8
JIiR o ARG PC % Vs ) #idik 9 http://d236424e

B e
Intelligent reasoning

iZ B Diagnosi

| it IR Input symptoms |

e ] Algorithms based on the
E ngimgrﬁg w combination of CF and
TSR J| knowledge graph

TR B CF
Find the matching CF

Get the probability
based on CF

L4
EAR RTHE 51 IR L
Symptoms may cause
pests and diseases

HT CF 35 %

fffffffffffffffffffffffffffffffffff

K% Search
[N
Input node

3 [SEEERECSPR

1 Graph mining

T Early warning
T ORI AT 7

‘ e
| Judgment of pest and

! | |disease by the solar term| |
'

\ algorithms ik
\ - Selection
RS SRR
Node related e
. n < EC)
information search Related control and | |
prevention

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

8 EHRESHTARGEINSM

Fig. 8 Overall architecture of an intelligent diagnostic system
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nat3.z100.vip.
3.2 KIERAREMREERG S

9 OR P SRR 2 O T A KRG 7 HL T T
TR R, DUEDN O dLF A S8t — 22 (2 Ik A
W, JF % 1 LA ECharts ] RRAL B Ail, 602 A0 R
A R S TS 4 A Dh eI B RE 2 BT R
4t anlE 9a s . RGAEH A R BEAT T
F o FR R BEER) B 12 Lk o R s A
B2 ELW B AR, 08 J5 B2 A F SR A0 ) s
SCHE P LR W HERE I, JE I A i 75 sk
DUE BRI R, Flindiy “JEies” iRk, mEEs
JB5 A LR SR IR IR R L SURE I S5 A R .
9b LA E NG, Pk KRR L
7 L CHEERE” 3 AR, AT LGRS HSCHR
R0 B 98 T ST AR B R ARE CF A2 5 500
WG R, 2 WA 3 FREIR R AE RIS LT,
B T RE H IR T R KR 1 R, O B R s
0 H bR B, v P R B SR AR o TR A bR
RIS P AT AR SRS, B R E S
TARIRBER R, B UE AR 5 9 AR

EFHREAENKERREZCHRR

O a ® a

KEHIRRET KERREISH KEHRER KERRERE

a: ZKFEIT LS W T

a: The home of rice disease and pest diagnosis

KEETLFERET

=% L3 g I
e, AR, AR aszseugssmsEes SRS
E mea) 088875 e

fEE AGER. RS =2

b: KRR B EE A2 R AL S ]
b: The visual interface of rice disease and
pest diagnosis and reasoning

9 R FEE

Fig. 9 System interface figure

W BN T B R SR Bt 5 A N RIRERI
HBIX, /N1 KRR AT BE 2 B T FR B
IR BRI . SORGIR S50 5, AR e TV AL B U J
NS NI P Py e P IEBA R H AR T O

4 Eip

AT T E SE BT KRB U SR B R Ty
0 RO T BE 2 0 AN A T T R R SE R K
BT HB A s R R P AT B T 78 0 A A % U K
PRSI ME . BlJE, 52 R 512 T B A K Rg IR R
FRREE, W T REEMK 2. R5, R
b 8 72 e DR R R R R AR 1 9 45 0 R HE B
%, EOUEBRAENEN S &, IEFIRIE 86.25%, 15N
T W R A AT R . R, R 48R
ECharts Ny ML s TR, SRl 1K L 4
PEAERSE o T IR, AR P2 3 B e
A SRR B 0 AR s I N AUSEAR, 1 T 1 9
e BNk, 3RTH R G RUE 2 I IE R 2 . ASHIE 7T
KL T 25T WEB 13 Mg KA 17 4 Bk R
BRECW RS, B M7 FHm AT BAE 7 e
G HERR U0, NI IR RE S W S it 1
R R SR o JE PR R AR R X
RICHE 2 ARAR IR U RFAE, M SN = AR AR
Yoo s 3 RNR R, IR S Br BT AR A B 52 35 AT
FBATTriE, U P BEAEAS R IX 07 7] & 48 15
FIFFEIZI X ISR, SEms Wi,
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