wfﬁ-’ffh?f*l'?

COMPUTER SCIENCE

HFBiLSTM-CRFEIMRITE S d Z LM RBIAR
ImiE, wmiAk, =&

5IAEX

e, #Ak, FE ETBILSTM-CRFFMITESHEEMRFIARI]. TEHRE, 2024, 51(11A):
240300148-6.

XIANG Heng, YANG Mingyou, LI Meng. Study on Named Entity Recognition of NOTAM Based on
BiLSTM-CRF [J]. Computer Science, 2024, 51(11A): 240300148-6.

HUXEEE (SERXMEE IE JEREENE)

Similar articles recommended (Please use Firefox or IE to view the article)
ETZRSHENNSTERMeNTTE

Multimodal Fusion Based Dynamic Malware Detection

HEHNRIE, 2024, 51(11A): 240200098-7. https://doi.org/10.11896/jsjkx.240200098

ETHRENNEENTTEHRAR
Study on Open Set Based Intrusion Detection Method
HEHEE, 2024, 51(11A): 231000033-6. https://doi.org/10.11896/jsjkx.231000033

EFCNNESBIGRUINERERED LXEIENAR
Study on Malicious Traffic Classification Algorithm Based on CNN Combined with BiGRU
HEHEIE, 2024, 51(11A): 231100106-9. https://doi.org/10.11896/jsjkx.231100106

ETREZIEERFTEHBERRNKS KRN
Deep Learning Based Joint Beamforming in Intelligent Reflecting Surface Enhanced
WirelessCommunication Systems

HEHNRIE, 2024, 51(11A): 231200125-5. https://doi.org/10.11896/jsjkx.231200125

ETERXRNULZHRKEFS
Domain Generalization and Long-tailed Learning Based on Causal Relationships

HEHNRIE, 2024, 51(11A): 24030004 1-8. https://doi.org/10.11896/jsjkx.240300041


https://www.jsjkx.com/CN/10.11896/jsjkx.240300148
https://www.jsjkx.com/EN/10.11896/jsjkx.240300148
https://www.jsjkx.com/CN/10.11896/jsjkx.240200098
https://doi.org/10.11896/jsjkx.240200098
https://www.jsjkx.com/CN/10.11896/jsjkx.231000033
https://doi.org/10.11896/jsjkx.231000033
https://www.jsjkx.com/CN/10.11896/jsjkx.231100106
https://doi.org/10.11896/jsjkx.231100106
https://www.jsjkx.com/CN/10.11896/jsjkx.231200125
https://doi.org/10.11896/jsjkx.231200125
https://www.jsjkx.com/CN/10.11896/jsjkx.240300041
https://doi.org/10.11896/jsjkx.240300041

http: /www. jsjkx. com

t H At F
O (<ﬁ:wnsuj(r DOL. 10, 11896/jsjkx. 240300148

E T BiLSTM-CRF BT E & iy & LA IR A1 57 52

moE #HRR F R
FERMAFZPRALTHEFKR K #E 300300

W OE A YA E R RAUE L F AT 8 B RALE JE 3 LR AT 8 kA, mAFE BN KFMATE LSRRG
1AL —FF & T BILSTM-CRF #ALAT il 4 & % £ AR XA LA, 2 ﬁmUMm BEF AL FARG AR, A ERMT

FATIB & RAEFTE 0 A RSB, 18 A AAT 8 & 5 H AR L 448 £ 2 LSTM, BILSTM, BILSTM-CRF 3 # 4 A 3 47 2 b 52 85,
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Study on Named Entity Recognition of NOTAM Based on BiLSTM-CRF

XIANG Heng, YANG Mingyou and LI Meng
College of Air Traffic Management,Civil Aviation University of China, Tianjin 300300, China

Abstract Aiming at the problem that the current research of International Civil Aviation Organization in digital NOTAMs., which
only considers the compatibility with the environment of textual NOTAMs, but not digital NOTAMs,a named entity recognition
model for NOTAMs based on BiLSTM-CRF is proposed to realise the automatic recognition of relevant entities in textual NO-
TAMs and to provide the necessary basic data for the conversion of digital NOT AMs. Comparative experiments are carried out by
constructing a NOTAM corpus tagged dataset in three models, LSTM,BiLLSTM and BiLSTM-CRF,and the experimental results
show that the precision,recall and F1 value of the proposed method is 95% ,95% and 95% ,respectively, which verifies the effec-
tiveness of the proposed method in the field of NOTAMs and proves that this study can effectively obtain the important entity in-
formation in NOTAMs.

Keywords NOTAM,Name entity recognition,Deep learning,BiLSTM,CRF
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BiLSTM-CRF Y47 i 5 iy 44 55 44 R I 4B, X SCA i A7 3
O 2 SR EAT IR S

BEMABELERBRKERE

\2
—>@irp0rt7designator }—v airport_natpe runwayisurfacefcomposition>——>6tatu5=CLOSED }—ﬂ closure_reason

Q(startﬁtime)—(endjime)@ %
T
€ , |

(G

E00(09/24 NOTAMN

Q)ZBPE/QMRL(Q/IV/NBO/A/000/999/390YN11721E005

AJZBT]|B)2401120600]|CJ2401140600)

E)RWY [16R/34L|CLSD DUE TO WIP'P

# R XA MATEE

BT SCARRUATIE 5 5 20T W7 I8 B A B 38 B3 i G &

Fig. 1 Correspondence between basic data sheets for text and digital NOTAMS

2 tHXIE

TE H AR TE 5 AL H 4R, A 44 52 1R 3R] (Name Entity Re-
cognition, NER) # #f S — I B A< (1) T4, J& 15 B By &5 —
A AR, g HoAhir 2 T WE AR 55 00 = AL S8 R BE e T Sk
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NER H 1B B2, bifi 25 HLA% 2 >0 16 F 9K 15 7 Ab 3400358 7 2%
L 5 Ry WRR S T R U R ) Bk Y B B 5 SIS B 1 )
PR H AR NER P9, B 78 — & B R b 70 i
FE TN B ) 7 ik Y BRFG . AE T AT AL AR AR T T R
a7 M SR A AR ST A YU Ak S S O R 1Y 43 2 ) L,
T AL B S R T K A (Hidden Markov Model,
HMM) Y | & K4 (Maximum Entropy Model, MEM)™ | 4% ff:
bt #L &% ( Conditional Random Fields, CRF) | 37 43 i) 2 #l
(Support Vector Machine, SVM ) £ Bikel 1 3%
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Learning) , 540 HLAR 2% 30 M FL L VR B2 2 = 78 SE AR By
T B 1% 75 43 ) A ot 228 0 (866 % B0 3 2 B S AR+ () e e 4R A 5 2
el /0 52 Z TR R A R AR AR Ko v 5 A R T R 4 K
P, AbH NER 1T 45 09 % UL 41 A N IR B 2 > B B-CRF, 3 o
B % 5] 433 CNN (Convolutional Neural Network, CNN),
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Fig. 2 BILSTM-CRF model structure
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T A ERA G B OC A b B AT L BT 2096 £ 8 AR
Fie MR 8= 2 1 L 49 R 43 S N 2R 4R RN 4 . R 4y 1 B s 4 o
IEREEETT 1676 4%, MK 4E M1 420 %%
4.2 HERE

AR R AT 552K A doccano 5 i T. . , doccano 5& — A4~
TR A SCA DR TE LR AT LURE R B AR IE & Ab B A9 35 R 17 4R
VEBRAEE R B TR N AR I RO B i e o8 4
AR TE TAE . 18 BhiZ b5 13 1T B %t airport_designator, run-

way,runway_direction, rurnway_surface_ composition, closure_

reason,start_time, end_time, schedule, note 9 2§ 52 {& ¥ 17 b1
S8 A28 json SO 3 SO R AE T BT bR R S AR AL
HRIME B RIG T Python S FE1E 7 . H BIO LA bRTE
(B R SR I T 2 SR AR . O 2 3E 52440 45 151 17)
FT %R B AR 24 (L3R 1), H i SR bR v B0 e it 3k 2
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Table 1 Example of data annotation
i JF 7 ARE F A
RWY (0]
16R/34L B-runway
CLSD O
DUE O
TO O
wIpP B-closure_reason

O

2 WREHIEST
Table 2 Statistics of labeled data

R SRR LKA X EHE
airport_designator R E 2094
runway i, E 2014

runway_direction ¥ 97 1 74

rurnway_surface_composition i W R A 118
closure_reason * A JEHE 1180
start_time & & et e 2096
end_time & kot 2096
schedule Bt 8] & 876
note xR 840

5 LIS

5.1 XWHKRERSHIEE
AW LR H Pytorch2. 1. 2 3 2% 2] #E42F1 Python3. 10
B LM T M 6 #% Intel Core 17 4b ¥R 28,32 GB N 14,
Radeon Pro 560x 4 GB & . % B, RH Adam ik
e HEUCE N 0. 001, batch_size Jy 16,25 1 By 1k #8445 1)
X BILSTM i it A Fil i i b i i Dropout, (UE g 0. 5. B
WG SHxEmE 3 5.
*3 SHmER

Table 3 Parameter configurations

e H %R AL
embedding_dim 100
hidden_dim 256
batch_size 16
EES 0.001
& Adam
dropout 0.5
epoch 50

5.2 EEEMN ISR
ALV B W i 24 SEMGRUIMAE 55 A7 JU2E 5 X B A 25 3l

RPN W PEREDEAT VAL . SE IR SR FH S5 H L ) E B 2R (Preci-
sion, P) , 73 [7] 3 (Recall R)*ﬂi}ﬁ*ﬂﬁ]{ﬁ(Fl—score)ﬁfﬁﬂﬁm
FE bR X AR (1) i 2k RE B AT VR4 L EAR A PEA A IR .

TP

P:WXH)O% (6)
_ TP 0
RiTPJrFNXlOOA D)
2PR
Fl= P+R><1oo/ (®
Horp, TP 325 38U I 924 19 D 8, FP 3R 7R R R IE
TSR AE, FN R R I S0 8, R iR A=K

R G R A R A — A B e o A 2R - 3 [l RO A A A5
NS r I DR - N (o
5.3 REILWERSH

AW S R LSTM, BILSTM, BILSTM-CRF 3 Fift i %1
TEAA E N 2R AR RN AR AT 50 WREARXT St g, 3R 4 %)
7 BILSTM-CRF # G %) 9 8RN 45 0, M3k 2
fal LA L AR SCR T BILSTM-CRF 458 75 (6 % {4 37 51 4k 5%
w2, R H R E — B4R L & B 2 A9 S 4R b, 40 airport _
designator, start_time,end_time,F1 {§ 5 100% , X F 47 g5z
RPN ECR AL T 90 %0 R IR 2228, M 5T ICAO i 4738 2 41
8 PR v S A IR Y B SR AT A O L S P s s R
ANHEIE T AT Ml R A A BTS04 38 45 PRI X 373X 26 4L
P AT B AR T I AN R A4S B4 PR L G LR F note L4,
ZEE B R B SRR AT S N ST B R TR A A R
U W 2 AR TR DA 2 ) 392 2 SR B AR AR DL AR
2% F1{HAL N 66% .

# 4 BILSTM-CRF B85 3 45 51
Table 4 Algorithm results of BILSTM-CRF model

%)

EETINE 33 P R F
airport_designator 100 100 100
closure_reason 85 90 88
end_time 100 100 100
note 66 65 66
runway 99 99 99
runway_direction 100 86 92
runway_surface_composition 81 100 90
schedule 98 98 98
start_time 100 100 100

5 B T A AU R R R Sc g 25 R, R bR A X
LSTM #1 BILSTM £ 58 1943 #r  WE B T %0 19 LSTM # 52 fig
figi@ b SCfE B AR IBCR T AR AR, K R MR T
LSTM 427+ T 5 4~ 4r £, i ¥ F 7 m A CRF JZ 4 BiL-
STM. [A#EH: F1 & T AIA CRF 2/ BILSTM. %R 2 7
3AE AP ALIAE T CRF B 51 W F R I TR M he
XGZE CRF T8 2 2 2] b5 % 8] % 3% 88 22 1) 6 P 5 B0 0, n
T AR 22 [A] Y O EE L T 4SS AL BE 6% 0 3E 4 b A T 41
HEER .

K53 PBLAISI AR

Table 5 Experimental results of three models

%

A p R Fi
LSTM 82 92 87
BiLSTM 92 93 92
BiLSTM-CRF 95 95 95
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W E, %5 H T BILSTM-CRF B AT 8 4 fiw 4% LR 9 BF 52

g N B ER AT AT 8 5 R b BE ML BRSO AR AT 4
Xof 455 R AT AL, 45 TR A0 2% 6 g,
MR 45 RIS T A SCHE Y AY BILSTM-CRF #5 %I Al DL A&

BN AT T8 SCAS T il EROIT A 9 S A S IR 2 T 5 TAR S B
SCA AT 180 5 e 45 oA 5 AT 0 75 i A AR I T BOR S B
Al

% 6 BILSTM-CRF A% 5214 YL 50 55 5 7% i
Table 6 Example of BILSTM-CRF model entity recognition effect

AT 38 & A

LR R R 4R

airport_designator: CYZV

K4024/23 NOTAMR K3016/23 Q ) CZUL/QMRLC/IV/NBO/A/
000/999/5013N06616W005 A ) CYZV B ) 2312301144 C )

2403272000 E ) RWY 13/31 CLSD.

E0283/24 NOTAMR E7091/23 Q ) CZUL/QMRLC/IV/NBO/A/
000/999/4541N07402W005 A ) CYMX B ) 2401161248 C )
2404161200 E ) RWY 11/29 CLSD DUE NO MAINT.

M0668/24 NOTAMR M5716/23 Q ) EBBU/QMRLC/IV/NBO/
A/000/999/5015N00439E005 A ) EBFS B ) 2402070713 C )
2405060800 EST E ) RWY 08R/26L. CLSD DUE TO WIP

start_time:2312301144
end_time:2403272000
runway:13/31

airport_designator: CYMX
start_time:2401161248
end_time:2404161200
runway:11/29
closure_reason: NO MAINT

airport_designator: EBBU
start_time: 2402070713
end_time:2405060800 EST
runway:08R/26L

closure_reason: WIP

6 MITE S BEEIARN RS

6.1 Rixigit
UL E & Ay 4 SRR R LR B 3 TR .

X AAAT & SR AR (B T %)
A% B

1% B TN AR 2

Fom kit

B3 gkt
Fig. 3 System design
6.2 RZEX|
FE R R AEH T Python 4R 15 5 990, Horh 51
i Tkinter 2, X Tz 4 LR RGE, HLBIT R,
HEA B R G W AR S P S A SOR AT AE E B
R e 40 LA R S AR R HE 3 B4y FARBRAE L IR . T o
TESCASFLAT 18 45 i AHE #F A T 2R 50 il BB SR A0 AT
YR AR B A BUE LA SSIZ SO AT I P BT
2 SE AU il BB EE O I R 7R SE M s HE L i o SR 4
Kl 4 FR
XAMITES B RLEIRG
EMATIE S XA
M0668 / 24 NOTAMR M5716 / 23 Q ) EBBU / QMRLC / IV / NBO / A

/ 000 / 999 / 5015N@0439E005 A ) EBFS B ) 2402070713 C ) 24
05060800 EST E ) RWY @8R / 26L CLSD DUE TO WIP

airport_designator: ['EBFS']
start_time: ['2402070713']
end_time: ['2405060800', 'EST']
runway: ['@8R', '/', '26L']
closure_reason: ['WIP']

SEIRBIER:

B4 oA a5 R

Fig.4 System interface output results
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