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Recognition of Crops, Diseases and Pesticides Named Entities
in Chinese Based on Conditional Random Fields

LI Xiang' WEI Xiaohong' JIA Lu' CHEN Xin' LIU Lei’ ZHANG Yan’e'
(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China
2. Shandong Laodao Network Technology Co. , Lid. , Weifang 261000, China)

Abstract; On internet agricultural technology platform, thousands of new questions are waiting to be
answered by experts every day. It is generally doubted because of slowly response time and uncertain
quality of the manual services. An intelligent response system based on agricultural technology knowledge
base can help to answer some questions automatically. To build the knowledge base, it is necessary to
recognize triples of “crop-disease-pesticide” named entities from mass of existing questions and answers
data. However, fewer studies are reported on recognition methods for named entities of diseases and
pesticides in Chinese, and accuracies of those for named entities of crops are low. Thus, a recognition
method based on conditional random fields ( CRF) was proposed, which recognized crops, diseases, and
pesticides named entities from agricultural technology questions and answers data. In the method,
question and answer texts was formatted and split to pieces of corpus. Each corpus piece was
automatically annotated with several features, including whether it contained characteristic Chinese
characters and characteristic radicals, whether it was numeral, whether it was the left or right bound of a
compound word, and part of speech. A CRF model was trained with these annotated texts to classify
pieces of corpus, including judging whether they were parts of crop, disease, or pesticide named entities
and recognizing positions in named entities. With the trained model, three types of named entities could
be accurately recognized and triples could be associated automatically. Recognition accuracies and time
cost of model training were optimized by choosing input feature combinations and adjusting sizes of context
windows in experiments. Accuracies of recognizing crops, diseases, and pesticides of this method were
97.72% , 87.63% and 98.05% respectively, which were significantly higher than existing methods.

Key words: disease; pesticide; knowledge base; named entities recognition; conditional random fields
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Tab.1 Examples of questions

[a] &1 1D ] N 25 By mRE
WHERX A W2 R+
6114 T4 5
— PR
6115  LBEE B T RN KA 1764 2
6116 AZBEH fiE it S AL 4T g 7 176 4 5

®2 EEHETH

Tab.2 Examples of answers

& ID D I 52 4 2%
25265 6114 I [A) 5, SE Il 4 25, i ik + I TRIE , W

AN IR 24 R A0 T P I B AT T R
25272 6114
o e R i 2 TP A 4
A GH R R
PRI 175 B 001083 0 B0 76 TG A 76 B
25305 6114

1, R AR 25 45— KA

I 2 A A

25283 6114

26627 6114

2 ETF CRF fyfn & LEIZ 5 7%

2.1 CRF ##!

A SO —FP LT CRF () iy 45 SR U0 7 12,
FIF AR B 1) 28 Kt v SRR AR i L R 24
524 S I S AR e U AR 2T = Jn
e,
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Fig. 1 CRF model structure
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Fig.2  Flow chart of the recognition method for named

entities of crops, diseases and pesticides in Chinese
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Tab.3 Left bound or right bound of crops,

diseases and pesticides
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Tab.4 Annotation of positions in named entities
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2RI 1) 4 iy 45 SE A B0 1 T
R Ay i 4 S AR H P
I Ay i 45 SE AR ) R
24 i 1) 2 i 45 SEAK
2RI T AN B i 4 AR

O »n @ =~ W

RS KIEYWFRE RAHSZLRELRNRE
Tab.5 Annotation of named entity classes of crops,

diseases and pesticides

e X
CRO KA
DIS i
PES K2

2.4 ERFIER

i 3 1) SRR AL A SR T, BE 8 A MU R L
J 90 R Ay i1 R AR R 8. 6 & — SR i, ID Ol
25 272 ¥ [l 2 B O AN 2 24 T O A0 T v R T
PR P A T T v b IR T T O R AR R o R K
Pt SR B ] RARTE S, AT R — SRR R o X
BT Fon B BT S AR R AL, F7 2RI R
AFFEPRERAE, M) 28 CRO” [ “DIS” | “PES” Jp
B FRARAANEY) R AR T BT IR R
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Tab.6 Example of corpus segmentation and annotation
- TR 81 4 PR B 1
B i Word A POS Bohtial Num (S5 Rad  AFERIA LB A SE R (AR RZEH)
AN F d F F T-CRO F 0
P F vshi F F T-DIS F 0
25 F n F T-CRO F T-CRO 0
=4 F ng F F F F 0
P F vshi F F T-DIS F 0]
il F n F T-CRO F F B-DIS
M F ng F F F T-CRO I-DIS
- B 95 T n F T-DIS F T-CRO E-DIS
féi o F a F F F F 0
i5] F udel F F F F 0
F F v F F T-PES F 0
i F ng F F F F B-PES
E F ng F T-CRO F F E-PES
hili| F v F F T-PES T-PES 0
W bk F n F F F T-CRO B-PES
il F w F T-PES F F E-PES
% F d F F F F 0
IT F v F F T-PES T-PES 0
i) F m T F F F 0
w F qv F F F F 0
AR F v F F F F 0
5 B F n F F F T-DIS 0
2.5 “RIEY-HERE- KRG =ZTHHBE P T, < 100% (2)
T 3 X A 24 S AR A B R T D AE [R]85 B T, +F,
o I 4 9 R A £, i — 5 S L ) A T oo )
F1OREE , LA Bk g A AR — i o — e 257 Jn iR P 2 Ty +Fy
BT S, N 1P ID Jy 6114 BRI RIANFE 2 H D po(L+BIPR o0 (4)
Sy 25272 B/ T LM S B i 4 55 PR g 4 (B°P) +R
TR 0 e B IR A T, ——FE ] T 45 SRR 92 B 45 SR R IE
. 1] A 191 B
3 WERERDH Py B B B 2 S 0 52 2
e Fil ICTCLAS fE 43 i8] T.H., CRF + +0.58 R BB R A 5
SR T 4 e/ 3 S B B i 0 S5 BE AL T F ——AB B 5]« T 25 5k B 52 B 46 2R
H XAV e B AR 245 1 i 4 S5 AR TR L 2 hy TE 5] A 19

LR R I B4 3 AR U R S bR PRI, AR SCR
CRF + +0.58 T HA 7Yk 5 M .

BE 3 4136, 2 2% 8 SR AE R % R
TR AELL A % 18 R SCHRRE 20 4 AT bR ik
i NER J7 3 (9 M0 2 0 3 4 v 480 T )1 ke A 5
bR AR AEBORE R _E R SCRT R /N6 AR SC NER 7
VAN 25 18] B 520

EMAMFR D, W LIE# R P G RE R F(H
P MIEM H SC NER 2 G50 90k i R i fg bs >, 4
KN

B—— VT IE AN A I i B =1

3.1 BAYSERRE

AR TG % 52 % ] Word ,POS . Num , Rad \LB ,
RB 6 ZREAE 1 1) — 30 43 0] i A7 b 1 1), 4% 3C NER
T rHER A, B 2SR JH 7 870 4% (] R KK 45 AN
66 559 FIZEFE ) 4. P RENLR 2 75% A
PERE T 25:,25 % FH AR I3 75

RIEE SRR T Pros. ORHRAFEAERT, B
T Word FFAEXT 3 2P 50 R 35 B0 8 HE AR 350, R
At R AE X i 44 S AR TR 9 ) 2R B AR, G LR AR
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Py LB \RB I, 1 TSR WA TEIEA B A5 A 5
HOHBIBCRRZE . WL, T 2 R AEER & 6,
B v YU I 3
®7T AR HERERBORIEDRRE.
R B HIRAEBE LR
Tab.7 Accuracies of NER for crops, diseases and

pesticides under different individual features %

FRAE 1E 2 P R F
R 64. 84 63.37 64. 09
Word L E 58.38 95.92 72.58
2 82. 69 84. 84 83.75
KA 10. 23 33.33 15. 66

POS oty 0 0 0
fe 2 68.45 15.76 25.62
Num ] 2.913 24.90 5.210
RAEY 19.23 31.13 17. 83
Rad o My 24.52 15.17 18.74
2 24.98 15. 41 19.06
KA 16. 67 33.33 22.23

LB P th e 0 0 0
e 2 38.71 20. 67 26. 95

RAEY 0 0 0

RB 9 0 0 0
2 9.71 25.02 14.01

3.2 AEELTXHSMEAERE
KA TR B R AR 20 G AT AR, B B RAED)
Hu A 2 i 44 S AR I Y HE R BE o X BLAR T AN
MHETERE, AN & R SC BOHE 4 SR ] A A
ISR AR 8 R, brid Jf Ak 2 Wby, x)
TARAEY), SR B UF R AE £ “ Word + LB +
Rad + POS” | F{} ik 97.72% . T1fi #% Jin RBH} , FAH

RS EARBTHAHBKEY HFEE . RS
mEREIRGEBELER
Tab.8 Accuracies of NER for crops, diseases and

pesticides under different feature combinations %

e FRIE 2L p R F
Word + LB 99.95 91.94 95.78
Word + LB + Rad 98.73 96.02 97.31
R0 Word + LB + Rad + POS 99.45 96.16 97.72
Word + LB + Rad + POS + RB 99.45 96.16 97.72
Word + LB 96.44 68.76 80.28
Word + LB + POS 96.08 68.99 80.31
LE Word + LB + POS + Rad 96.33 69.50 80.74
Word + LB + POS + Rad + RB 96.34 69.43 80.70
Word + LB 95.94 87.83 91.71
Word + LB + POS 96.00 88.28 91.98
12y Word + LB + POS + Rad 96.03 88.60 92.16

Word + LB + POS + Rad + RB 96.04 88.56 92.15
Word + LB + POS + Rad + Num 96.05 88.56 92.15

IR BT B T8 UM ECR AT LA B RB,

XF T U E FRERERE N “ Word + LB+ POS +
Rad” B}, UK B b, F B 3k 80.74% , & T HRHAE e 2
W24 “Word + LB + POS + Rad + RB”

XTFAL B E P “ Word + LB + POS +
Rad” i, F {H ik 92. 16% , 1 F#AF 2 B i 2 41 &
“Word + LB + POS + Rad + Num” F {f } 92. 15% .,
3.3 EELTXMSEAAIRE

AN I8 1R SO R PR 2RGS0
A 2 1 U HE R 3 5 R A, 4 ) A 80% A
90% Aty o P, A5G I A 1R SCHR A AR 1
H g o R SR ) REUR [ 5 B de A g . R Rl AL
R4 75% FIVERL RN 25 ,25% FIAE Itk 0 % L
W4 F EFCEB WH A CYETE S H B, Y
B + B3N B 0 CL ST+ R S A
%l D, Y + R S0 — A

R RME I R, aTUER,EH CRE
JECI R I AT SC— AN I, AR U0 S F A
Herw, X HE a4 SRR F R TR
87.63% , XA 254 F+ % 98.05% .,

X9 AALTXHEORKREMRGGEIE

RH B

Tab.9 Accuracies of NER for diseases and pesticides

under different sizes of context windows %
W B3| P R F
e 96. 33 69. 50 80. 74
A V& 96. 05 88.56 92.15
g A 89.76 71. 11 79.35
b e zh 99. 00 95.29 97. 11
s 3 90. 89 84.59 87.63
¢ &2y 99.01 97. 10 98.05
9 A 78. 62 82.55 80. 54
b 4K 25 98. 42 96. 02 97.21

3.4 WEIZGHE

AT AR AR | R S H RV R L
ZRYERERYRZ R o DN LCHLER I INC B0 AL B4R Intel (R)
Core(TM) i5 — 3470 3.20 GHz 3.20 GHz. & 1T N fF
8 GB DDR3,

G, B AR AR 2 G R A R A R X R TR I
GRIFIA] B S0 X B il A R SR T 7 870 k]
WS A1 66 559 4% Iul 2 B4 1y 4 4 BodE R
27 245 KB, FHLRFE 75% FEA AT IS5 . 50 25
U 3 P TR DI i A i i AR kR A L
Th BT o X HAACR A 1T AR RRTE R TS A4
AL AR T I, X0 g o A AR 24 iy 44 S TR TR A ]
SrEim T 147. 11% 1 71.07%
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Fig.3 Time cost of model training of NER for diseases and pesticidesunder different

numbers of features in feature combinations
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Fig.4 Accuracies and time cost of model training of NER for diseases and pesticides under different sizes of context windows
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