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9 A Ay 44 SRR AR A ( Agricultural information extraction, Agr —IE) | iZ#E A1 5T BERT — BILSTM — CRF, 4Ll £
FAE B ALE (231G B A RIENCIRAGR) T8 FAma, (A48 F AR SRR E R, DR S
AR LR CE B MRE 1, SRR U, 1A A T DU s iR e L B E 2GR MR SR, FLO(E 4 B A
96.56% \95. 12% 94. 48% \95. 54% , - XF P ME B 5 115 Ji S A B AT 8 i UM RUR  FL (B 2K 81.48% , & T
BERT — BILSTM — CRF .BERT 54X B (1 A1 B {EL, A< SCHT H2AE BU#E MSRA 1 Weibo &¢ H A ST EUHE4E [ 55 CAN -
NER , Lattice — LSTM — CRF 88 BB HEFT T XF L 5286, - BUASRe A IR BIRCR , F1(ELSY 31K 95. 80% 94 57% , 1%
Ak EA — Nz RE T
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Named Entity Recognition of Diseases and Insect Pests Based on
Multi Source Information Fusion

LI Lin ZHOU Han GUO Xuchao LIU Chengqi SU Jie TANG Zhan
(College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Crop diseases and insect pest text mining is becoming increasingly important as the number of
crop diseases and insect pest documents rapidly grows. The development of effective and highly accurate
named entity recognition (NER) systems of crop diseases and insect pests can be beneficial to extract
research results from related research reports and provide effective suggestions for the control of diseases
and insect pests. Stop-wait algorithm based on semi-remote supervision was proposed to construct the
corpus of Chinese crop diseases and insect pests to solve the problem of corpus missing. Moreover, an
agricultural information extraction ( Agr — IE) method was proposed. The method was based on BERT —
BILSTM — CRF, and multi-source word segmentation information and global lexical embedding was used
to enrich the information of character vector before character information integrated. Experiments
performed by Agr — IE on the datasets of crop diseases and insect pests showed that the model can
effectively distinguish four types of entities; the F1 score of diseases, pests, pharmaceuticals, and plant
were 96.56% , 95.12% , 94.48% and 95.54% , respectively. And the model also performed well in
identifying entities about pathogens (81.48% F1 score) , which was higher than the corresponding values
of BERT — BILSTM — CRF, BERT and other models. The recognition effect was higher than that of the
compared models. In addition, the proposed model was compared with CAN — NER, Lattice — LSTM —
CRF and other models on MSRA , Weibo datasets, and the best recognition results were obtained. The F1
scores were 95. 80% and 94. 57% respectively, which showed that the algorithm had good generalization
ability and stability.

Key words; named entity recognition; crop diseases and insect pests; agricultural natural language

processing ; Chinese word segmentation ; Stop-wait algorithm
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FIR FE A 22 M 4% ( Deep neural networks, DNN) |, DA$k
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BT W FeAEfp o 21 e e 4 SR L)
b, SCHERL 11 ] PR TR A I IO AL I 26 AR AR BB AL
Y #H 4% & ( Long short-term memory — conditional
random field ,LSTM — CRF ) [ /1 3C 4317 ¢ & I 25 7
2 RS S T 5% o SCHR[ 12 ] 8 Ui 3 K 4
W c 12 ™ 4 F 2% 18 BE BL 35 A0 45 & 1 Jr i
( Bidirectional long short-term memory — conditional
random field, BILSTM — CRF ) Jif I F FI 2k 1 & &b 3
(Natural language processing, NLP) J& 1 5 51 B 1 44
PatE 5 Z TR TAER L, BUS 1T AR 4528 . SOk
(1314 A AR 9K 4 B A 22 X 4% (Tterated dilated
convolutional neural networks, IDCNN) J7 55, A&/~
SO R A R SCH IDCNN R 51 SE A o i P 45
i, HAH X F K R B i 12 2% ((Long short-term
memory, LSTM ) ,IDCNN A] SEBLIF 473155, 5 1 5K
VU

S5eitaw 4 SR U AR L, DU 44 SR
BT AL R MR R 1 R A B L )
AR A P OGE UE R, TR 17 ] 52 T
Lattice — LSTM AR 32 R0R A T 545 201 Al 4%
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4 BB g IO TR ROR . SCER[ 18 14
BT —Fp & HEZE S W4 A ( Convolutional
attention network for named entity recognition, CAN —
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fPERE, SCHR[ 191421 T BERT — IDCNN — CRF £
B AL BERT iR A A [ | 76 S0y 44 5L 1
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LAYy A F FR L | e A WS B AR VR
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T SCHR AR R I s SCAS BRI . AR SO H A 32 2
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Tab.1 Definition of entity and corresponding
examples and notes
FeAk E XL R4
R AR E AR IKFELORA R B0
HE RAEYRELK A REL R | K I
o SRR E BRI KR SO R O R
9 I Y
44y JITA
B IR AAE Y HUE 2570 2
PR CEANCRY Vi N S
YEW ARANEW A TE
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TSR E S PGB, 40« KRG St ORI ™
“OKFE" F St SOk " PR SR AL AR, 2 AR
WanE 1 frR,

1.1.2  HdlEbriE

ARICHFEFFR T — 5T AT“ LableText” >E
2 F Bl v il B A b SR Db T AR R
PR B N 1 A DL % i ] A G 2 B R
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F37.259% L dubik - TR BRI R AR R [l AL IR RS A R, KRR e 1 nE
BFARCRAETI.31%~97 81%, PG AL T40% = RIS BRI -
: . s
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AR E 2571
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( N
TEZRFE PR LA 1Y, 326 AR AR SE Q0% B - EHASFLI) S0 mT/ R, BEBIHRF(2. 5% A 1w
TRRIFA30 mL/E B IA R ARG i
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Fig. 1  Abstract data example
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Fig.2  Schematic of sample annotation based on LabelText
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LEFPMIREEHR A 3000 45, N TE I bl 2h sk

®2 XAWRIERA BIEOS &R 2 H 6]
Tab.2 Examples of text and corresponding BIEOS format tags

WA

BIEOS #5345

NG R R s s A
WA 2 20% = W LR

(0)AR(0)R(0)HI(0)F(0)HI(0)BL(B - DRUG) F(1-DRUG) §(E - DRUG) H.(0) FI(0) (0) 5
(0)H(0)H(0) 4 (0)25(0)2(0)0(0)% (0) = (B - DRUG) M (I -~ DRUG) B (I - DRUG) 3. (I~

AL 1 BRI =4k DRUG) i (E — DRUG)IE(0) & (0) i (0) FI(0), (0) it (0) (0)1(0) R (0)EI(0) T (0) X (0) —

SRR B BIBAROR , B

(B—PEST) fb(1—-PEST) 2 (E - PEST) #J(0) 4 (0) % (0) i-(0) K (0) BE (0) IR (0) % (0) £ (0),(0)

BN I, AT AR AR AETT H(0)FE(0) K (0) I (0) [ (0) K (0), (0) AT (0) FE(0) A (0) 7 (0) H (0) HE(O) I (0) fEi(0) A

i (0). (0)

iE

Fi(S). (0)

RIS 15 B I A 55 A 00 LL ) s TR e i
AR5y, INGREE BEEE AR rh /a1 | SR %L
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L2 ETFEREENESHEE

U Bt b T S R R AR B N AR 5
[ AR | AR SO HR 452 A5 B0 1 Bl T 2 4R LY
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FRvE R o B , e i AT —d 0 o dn i e LE AR Y
BARE I AR bR T 0B L 4 AT
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FEXEFR T BE #E AT AR MR LG I, B8 A 3hiR

R3 RIEMHEHEHREEN TSI
Tab.3 Statistics of crop diseases and insect pests
dataset division
IR AN S 4 (e10)Y%

T WE AT BRE AT % %
I E 5452 11907 1478 4266 2129 6184 22.16
e 3641 10297 831 2998 771 2019 21.36
9 Ji 959 2229 234 327 265 268 24.14
4% 2707 7629 843 3873 973 3374 22.23
1EY 9721 32941 2375 9424 2523 8243 23.54

BRI

ol ) S A i 32 T 08 O, R el T RO A i
AR R AR YN T AR S ] RAS O B i
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PR f(x50,0,) -
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Fig.3 Fitting diagram of model annotation effect

in different case
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Fig.4  Structure diagram of Agr—IE
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Fig.5 Structural model diagram of optimized presentation layer
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Tab.4 Comparison of word segmentation effects of

SOW, (8)

six commonly used Chinese word segmentation tools
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Fig.6  Experimental process
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Tab.5 Statistics of MSRA and Weibo datasets %

N B S BELE ik 4
T Sk mT sk W Sk

MSRA 50700 74700 4400 6200

Weibo 11700 29500 4500 6000 4600 7300

3.2 WS

A SO AR5 5 R i e ) SRR
KA PR BN 217 DPF, b SCEF R B
RN — A RS R BT — AR T AR B W
MW E &K K Ch 256, Adaptive moment
estimation (Adam) ™ J&2—Fh455 T Adagrad[m T
Ab FLFR B B BE AT RMSprop ™ 38 T4 Bl 48 H b
AP A S 515, REA I EJe o0 28 Wi S B, AR S
¥ M BERT #& # 7 47 9 Adam Weight Decay

Optimizer NLAL A, B B, KE N 0.9,8, KEH N
0.999 k47 B2 A Y 22 ) 4338 T H R A jieba,
thulac \pkuseg, [FIE, 7E£8 0 SHOR AT LI 5, 4 3C
B2 2 HREE N 0.5, dropout 1% E 4 0. 000 05,
3.3 XWER
3.3.1  Agr— IE BEH 55 HISAL R s
ARSCE A H B ARVEY R IR F AR kT
S, LLSHIE Agr — IE RERIR A M B Agr - IE
5 H i H FE8 BILSTM — CRF  BILSTM — Softmax |
IDCNN — CRF .BERT — BILSTM — CRF .BERT X [t 5%
5, LA RN 6 N, 5 5 S AR AT AT AL
PRI RE R REY) 4 SR, B R A
HER R ILF-ABTE 90% LA L {H TG X HoASE 20 %o g
SR AP I AEAE — 2 TRIME , VB S A ] R 24
1E70% ~80% Z 8], ANFF4 I 2K, Agr — IE Xt
o JAL 04 PRI 5 R B W T LA R Y FLO(E
81.48% ,[H I, Agr — IE XF 4R /E 9 A 3 1) 18 FH 1k
T HABAAY
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Tab.6 Comparison of identification effect of crop

diseases and insect pests %
. WA
| R -1 1 A 5} i L R (7]
EiEL7Y
P 94.87 94.72 75.50 91.71 91.61
BILSTM — CRF R 95.38 92.57 70.15 91.14 91.57

F1{H 95.12 93.64 72.73 91.42 91.59

P 94.44 90.82 57.28 83.45 91.29

BILSTM — Softmax R 95.36 90.14 69.03 88.77 92.67
F1{H 94.90 90.48 62.61 86.03 91.98

P 9412 92.70 75.41 73.01 91.28

IDCNN - CRF R 94.40 93.71 68.66 73.50 88.90
F1{H 94.26 93.20 71.88 73.25 90.07

94.13 91.32 72.15 91.08 90.20

BERT R 94.31 91.23 80.22 92.89 91.12
F1{H 94.22 91.28 75.97 91.97 90.66

P 96.14 92.62 77.39 92.62 93.80

BERT — BILSTM - CRF R 96.78 93.81 81.72 94.78 95.14
FI{H 96.46 93.21 79.49 93.69 94.46

P 96.45 95.23 80.88 94.33 95.27

Agr—IE R 96.67 95.00 82.09 94.64 95.81
F1{H 96.56 95.12 81.48 94.48 95.54

Agr— IE &5 BILSTM - CRF ,BERT - IDCNN — CRF

Lattice - LSTM — CRF ,CAN ~ NER ,BERT - BILSTM —

CRF 2 EHiL B AAE MSRA  Weibo P41~ JT il £&

AT A A SR PUN SR, SR AR ANGR T PR
x7 [RBENFTFHIEE LIRFRISEL

Tab.7 Comparison of recognition effect of each

model on public datasets %
MSRA Weibo
B
P R FlI{i P R Fl11{H
BILSTM — CRF 91.37 90.62 90.99 80.25 84.43 82.29

BERT —IDCNN — CRF  94.57 93.88 94.23 94.79 89.95 92.30
Lattice — LSTM — CRF ~ 93.82 92.67 93.24 83.56 86.09 84.81
CAN —NER 93.42 92.35 92.88 82.86 84.15 83.50
BERT — BILSTM — CRF 95.43 95.19 95.31 92.07 93.11 92.59
Agr—IE 96.20 95.41 95.80 95.14 94.01 94.57
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PR BE T 0 I 52 355, FH DA U B AR S S A5 28 1) 5
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IDCNN 5 #X BE % 8 2o 75 & FUZ Z [ 38 o, i 153
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e RE R 2GR FEY S 2SR B FLAE
PRI T 2.24 1,93 .3.52.1.72 3.8 DN E Y AL
XS A BERT 7EJIA BILSTM — CRF 25, % EF
SR BB RE A g
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PNt # v BERT 256 T Y An 4t h A2 72 i
T CAE R BE T b b xR [ A TR
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£ RE IR 255 MY S 285K B AY FLAE S
#7F70.1.1.91.1.99.0.79 1. 08 A 7 i, X2
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TR B AR A
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AR RR I AT AT TS50, SEIR S AN 7 R
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Tab.8 Identification results of different models for Rhizoctonia solani

] a7 M % # 3]
B B —PATH I-PATH I-PATH [-PATH I-PATH
BILSTM - CRF B -DRUG I-DRUG I-DRUG I-DRUG I-DRUG
BILSTM — Softmax B -DRUG I-DRUG I-DRUG I-DRUG I-DRUG
IDCNN — CRF B - DRUG I-DRUG I-DRUG I-DRUG I-DRUG
BERT B — DISE I-DISE 1-DISE I - DISE [0)
BERT — BILSTM — CRF B -DRUG I-DRUG I-DRUG I-DRUG I-DRUG
Agr—1E B - PATH 1 - PATH I -PATH I-PATH I -PATH

4.3 Agr - IE BEZERMBEES

AT YA Agr — IE 28837 A Fn S e o, A S
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