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Abstract Aiming at the characteristics of complex entities in weapons and equipment field, a complex named
entity recognition method is proposed which integrates multi-features and mounts the domain knowledge of
weapons and equipment. First, we use the BERT model to pre-train on the weapon equipment field data to obtain
the data vector, and use the Word2Vec model to learn context features of Zhengma, Wubi, Pinyin, and strokes to
obtain the feature vector. Then the data vector and the feature vector are fused, the Bi-LSTM model is used for
encoding, and the CRF decoder is used to obtain the tag sequence. Finally, the detection of complex entities on the
label sequence is triggered to complete the recognition of complex named entities. In the experiments, we use the
data collected from Global Military Network as the corpus, and analyze the recognition effect of different feature
combinations and neural network models. A calculation method suitable for evaluating the recognition results of
complex named entities is also proposed. The experimental results show that the F1-value of the proposed method
for recognizing complex named entities of weapons and equipment with domain knowledge and fusion of multi-
features reaches 95.37%, which outperforms the existing methods.

Key words weapon and equipment; complex named entity recognition; Zhengma; domain rules; BERT; evalua-
tion method
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Fig. 4 Annotated sample diagram of data sets in the field of weapons and equipment
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Table 2 Part-of-speech table of weapons and equipment
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Table 3 Correspondence table of entity category and label

AR 45 LRI 5
AR ship TS submarine
®ATARE aircraft i torpedo
AR missile R engine
eSS shells NS person
HkS radar ik location
Rk system EE e country
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Table 4 Statistics of data sets in the field of weapons
and equipment
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Table 5 Comparison of data in the field of weapons
and equipment
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gingFace FESCH, 458 Z WSS, AW
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Size)h 16, BERT embedding 4k Ji 2k 768, % JHBY1L
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Table 6 Training environment configuration

T I [EGNCR RPN
PAERS  Linux Ubuntu 16.04
CPU Intel (R) Xeon (R) Gold 5118 CPU @ 2.30GHz (12-Core)
GPU 8*NVIDIA Tesla V100 (16 GB)

Python 3.6.9
Pytorch 1.14.0
AT 64 G
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Table 7 Feature combination table for comparison test
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Table 8 Results of comparative experiments based
on tokens (%)

SN MERGGUD RSP HEER F
1 — 91.85 93.19 92.06
2 EHE 93.30 94.89 93.38
30 B 91.89 93.80 92.44
4 PR 91.91 93.62 92.32
5 Zm 92.52 93.41 92.52
6 HBHEH (?3:3(5)) (?ZZ?}Z) (?gi%
7 EEABHE 91.70 93.41 92.11
8 A+ HEAPEE 91.99 93.86 92.51
9 ARG+ HAEHEE M 92.53 93.41 92.52

10 FRE+HEHEE P 9225 93.46 92.36
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Table 9 Comparison experimental results of rule triggers in
the field of unmounted weapons and equipment based
on entity granularity (%)

onHEAGEED R dEER Re
1 — 83.99 83.71 82.55
2 H2 83.09 84.97 82.46
3 HBh 84.07 83.59 82.51
4 Eijes 84.22 84.21 82.92
5 2 i 84.09 83.77 82.58
6 LK (?(3):2;) (??:22) (?(3):(5)491)
7 P 84.34 83.74 82.74
8 S+ H P 84.88 83.75 83.02
9 R+ LA+ 2 T 84.09 83.77 82.58
10 %Bﬁ%£%+%ﬁ 84.54 83.82 82.91

+HE

R 10 BTN EREHNSRES TSN MK [T
LEE SR EE R (%)
Table 10 Comparison experimental results of rule triggers in
the field of mounted weapons and equipment based
on entity granularity (%)

SN RERAGUD  WEP RRER e
j— 84.33 87.57 85.00
2 HE 83.38 88.11 84.66
3 R 84.23 87.65 85.01
4 PRE 84.74 88.08 85.47
5 Zm 84.43 87.78 85.09
6 T 83.83 88.71 85.27
7 PR 84.78 87.91 85.38
L (?(5):541‘) (%:?g) (?(5)122)
9 AR+ TEEm 84.43 87.73 85.09
10 FRIE+H 2B+ +P 84.95 87.83 85.45

CRF H J1] BERT 42 HUSCAHRFAE, U5 /9 F1EUE R
92.06%, FHIERGRBORA — B $E T a8, 5
SEEE XTI, SEE 6 FETMIE S R, KRR . A R
FIF1 3 B 2.25%, 4.06%H13.31%, i HES
S5 AE T2V TF fill B A R I 7 18K 5 2 A% Sk 1 iy 44 51
PRS- T 4 B2 £

89 U LI H, T SR BE (1 PEAN 4R
FRECME B . L0 3L F 9 80 i PR 18 e AIK, Ui ZE R A%
B TR 52 J i 44 SR R, BT RS A TR
J7 1 T B0 i B AR I 28 X BN AR 7 2 S A Y At
2R B IICE A AR )8, A A SO R Y



T A A5 T o) AR 2R A U Y AT A S AR

BT SR AP AR B . Sl e A SR
SEHS AT AR I A 45 SR AT LR B, SR T Sk
JE (R DT 7 105 I e 0 e 25 2B A U ) f e 4% )
G HAE . AR APEE RO e, FwE . g E
FHF1EUE B2 55 0.91%, 0.12%7F10.55%, 1364
FAE ARG AE B2 BT 45 & PF & i RRE AL G, X4
T2 2 2 G AT i 44 SR TR B RECR B A A
Sy HESEEE 1A 2 SEEG 1R 3 T LA B, H
A TESRISRFE, FIMERSA TR, TREREK A g
M) —FhRIE A AR — SR IR I 3R 3k, ot =3
AHE 2048, T LA 240 ikt f ik e iR

X % 9 FN 10 fEORE %o H AT DU IR, AR S
IR R R AR 2 A O EL S, FE ki g 25 40
B K RIS, PR R RS

MR PR, Sl ARG 3T, RS0 knT
DA 50 b R ) A R 2 A A 1 ik i 44 S AR

(I

T 12 TR (0 SCAR AL 7 IR 7 2 Sk, AR A
BERT+Bi-LSTM+CRF H i 51| 3 32 38 iy 45 S 1R Fl 26
— ARSI A R B R, A SO
RE A% TEUR) 4 3% BE 14 FE 14 B2 50 PR < 4l B - ) 28 5
B NIRRT s e BRI X A g

N 13 s, 67 ST g6 Fl HCH 53 ST A (el
T S RS #H LG . “cads-1 LML & — R G ###
Z 457 AR ¥ 22 AR 3 50 A B (“sa-n-6### T 54 |
sa-n-4### S sa-n-O## S ), AR ST R AT LA
BRI 5 SR ) 75 B I e N 4 TR 5 5 i I e
SR “sa-n-6 T sa-n-4 I T IR . sa-
n-9 S

M1 £ B g LR, 45 S anE 6 i .
ATLLE H, XS 6 SR 1 F1 (e dE, Hh
95.37%, H: 43 [ F& AL IESL 50 /Y9 93.19% I & Hh 48

R 11 KBREHRELMEIRSI RS

Table 11  Sample table of weapon and equipment nested entity recognition
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Table 12 Sample table of discontinuous entity recognition of weapons and equipment
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Table 13 Sample table of complex entity recognition of weapons and equipment
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Fig. 6 Comparison experiment results based on token-based evaluation indicators
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Fig. 7 Comparative experimental results based on the evaluation index of entity granularity

T, ASSCHR H A 7 EA e AR A T
PRIRBIE 55 PR fef

2% 3Tk

WREBZR, BRBH/NAE. iy 42 SR UIN SR 2858 . TE4k
AL (S HOR, 2020, 46(3): 251-260

XM, ERYE. Ar s ERPEBIBTELRR . sk,
2018, 37(3): 329-340

Collins M, Singer Y. Unsupervised models for named

entity classification // Joint SIGDAT Conference on

[4]

[5]

Empirical Methods in Natural Language Processing
and Very Large Corpora. Hong Kong, 1999: 100-110
Petasis G, Cucchiarelli A, Velardi P, et al. Automatic
adaptation of proper noun dictionaries through coope-
ration of machine learning and probabilistic methods
/] Proceedings of the 23rd Annual International ACM
SIGIR Conference on Research and Development in
Information Retrieval. Athens, 2000: 128-135

Zhou J T, Zhang H, Jin D, et al. Roseq: robust

sequence labeling. IEEE transactions on neural net-

403



LR (A SR B2 R

58k W3

2022 4F 5 A

(6]

(8]

[10]

(11]

[12]

[13]

404

works and learning systems, 2019, 31(7): 2304-2314
ETA, M, mAS, . JET BERT B P a4
SEAR AT . TPREHLERAA, 2019, 46(S2): 138-142
Finkel J R, Manning C D. Nested named entity
recognition // Proceedings of the 2009 Conference on
Empirical Methods in Natural Language Processing.
Singapore, 2009: 141-150

Lu W, Roth D. Joint mention extraction and classifi-
cation with mention hypergraphs // Proceedings of the
2015 Conference on Empirical Methods in Natural
Language Processing. Lisbon, 2015: 857-867

Ju M, Miwa M, Ananiadou S. A neural layered model
for nested named entity recognition // Proceedings of
the 2018 Conference of the North American Chapter
of the Association for Computational Linguistics:
Human Language Technologies, Volume 1
Papers). New Orleans, 2018: 14461459

Xia C, Zhang C, Yang T, et al. Multi-grained named
entity recognition [EB/OL]. (2019-06-20)[2021-03—
05]. https://arxiv.org/abs/1906.08449v1

Li X, Feng J, Meng Y, et al. A unified MRC frame-
work for named entity recognition [EB/OL]. (2020—
05-23)[2021-03-05]. https://arxiv.org/abs/1910.11476
L0, WAL, AR, CRF 5HLAE 456 09 %
Ffr 4 U BFT. BRI S50, 2011, 33
(4): 13-15

R, RARTE, RICT . T I ZE SO i 4 5L
ARA]. TFRHLERE, 2015, 42(7): 15-18

(Long

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

AR, Gk SCUE, X T, 4FL TR LSTM Al
CRF 1) Z= 55 i 45 S PR U3 A 35 // 56 75 i v 4 44
PRI R 2 SR (BN, dEat, 2018: 470-475
FrEEgR, B, BRE, F. S MM I ERNZE
JGU A 44 SR TE AR R E R (B AR,
2020, 60(8): 648—655

T, WAL, WICE, & BT 2B AW
TR 4 SRR, =T A3k, 2011, 30(10): 90—
93

BORRIR, SRHESE, REAR. /NVRLBE SRS T & T CRFs
B ZE i 44 SEAR IR G 7 . B IR TR A B 2R AR,
2017, 31(1): 84-89

R, FAE, FUE. 5T 2050 E S S A
YRR, THRBLELE, 2019, 46(11A): 9-12
Devlin J, Chang M W, Lee K, et al. BERT: pre-
training of deep bidirectional transformers for lang-
uvage understanding [EB/OL]. (2019-05-24)[2021-
03—-05]. https://arxiv.org/abs/1810.04805

Meng Y, Wu W, Wang F, et al. Glyce: glyph-vectors
for chinese character representations [EB/OL]. (2020—
05-21)[2021-03-05]. https://arxiv.org/abs/1901.10125
Hochreiter S, Schmidhuber J. Long short-term me-
mory. Neural Computation, 1997, 9(8): 1735-1780
Graves A, Schmidhuber J. Framewise phoneme classi-
fication with bidirectional LSTM and other neural
network architectures. Neural Networks, 2005, 18(5/
6): 602-610



