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Research on Aircraft Maintenance Knowledge Graph Construction Technology Based on
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[ABSTRACT] To address the challenges posed by professional terminology, short texts, large data volumes, and mixed
Chinese—English content in aircraft maintenance manuals, this paper proposes a knowledge extraction and knowledge
graph construction method based on multi-head attention and full-token masking. First, we design the CoBiTex-FTM
(Contextual bidirectional text encoder with full-token masking) model for named entity recognition, which enhances
contextual modeling through multi-head attention and ensures label consistency via a whole-word constraint algorithm
tailored for mixed-language scenarios. Second, we construct the BIHAM-FTM (Bidirectional LSTM & multi-head attention
with full-token masking) model to extract “entity—relation—entity” triples. Finally, an aircraft maintenance knowledge graph

system is implemented using Neo4;j for structured storage and visual representation of maintenance knowledge. To validate
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the approach, we build a domain-specific dataset and conduct comparative and ablation experiments. Experimental results
show that CoBiTex-FTM achieves an F1 score of 95.16%, while BIHAM-FTM reaches 90.74%, demonstrating superior

performance in complex, multilingual, and short-text environments.

Keywords: Aircraft intelligent maintenance; Knowledge graph; Named entity recognition; Relation extraction;

Attention mechanism
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Fig.2 Input and embedding representation diagram of the BERT model
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Fig.3 Diagram of multi-head attention mechanism structure

20264E 5569 5B 7 - MG EEA 111



‘_‘i.‘ »
Hl:%lﬁx RESEARCH

73 .

BMESOESABIRL (Y, X, B) =In | Pt (Y] X, B) \

f i
HOEMCRFIZ | HeEPew (V1XB) || piie stdkc(n8) |
f f
YI%C (Y, B)

FrgE—EEL R

— “PRER 2L - R, ReL” AU AR R A
— PR - YT, R MIEA A RRAS

—InARARAE 2L,
—URAREA 2, RG] (1)

2y BREUR A (0)

1)1 AR

B—{(O, 0), (1, D), (2, 2), (3, 3), (4, 5), (6, 6), (7, 8)}

ﬁiéiﬁéiiiiié

B4 EFEFARPIRBRIZH

HTEE

Fig.4 Structure diagram of word boundary recognition based on full-token masking
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Fig.5 BiHAM-FTM relation extraction model structure
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Fig.6 Schematic diagram of logic based knowledge graph
architecture
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STEP_USES_TOOL (> ¥& fii H{ T. H.). STEP_USES_
CONSUMABLE (5 3 fifi H] #€ #4 ). STEP_INVOLVES_
PART (#EAE#E J %14 ). PERFORMS ACTION (A Bk
17 8h1E). HAS _FINAL STEP (& #pfE 4 H), X st
KRBMRIE T TAEH rh S R85 G, iR
IS P AR B SE . AR F BRAT brifids =X, i1t
T<SAR ID>FRiESAR, R<KER ID> bR SRR, 45t H
T2 H LA FE S T Ak 34T .
2.3 EEIERR

PRI OB TRY 8 0 S 3 SRS 2% ( Precision ),
2 (Recall ) il F1 534 (Fl-score ) #E47 PP 4. 7E
FHRIMIBAT 55, FP ( False positive ) Z& /A B T Ay
Rk R R E PR ERJE TR BB O FN
( False negative ) & 7~ A 7 2R GE IR H S B A7 1Y S 1R
HORHR . X T AL A A S A Ol
SEVPAG SR BE ) E B S o B R A AR T
IE SRR R SR A TE 2 L 3], S R0 A v A 1,
SCRHEER] (TP) 5 HUNE A SEL (TP+FP ) Z I ;
3 (] A FASTRUASI 3 P SR PR IE AR A A RE T, 2 X
RELIER] (TP ) 5 52BRIEZSAHEAS S ( TPHFN ) Z L,
o U A

F1 5 BUR KGR 5 A R IR A2, 256 W
HFRI, WA —FE bR AT REA R IR 25 . X LEHERR AL

Precision = x100%
TP + FP ’ (12)
Recall = x100%
TP+ FN ’ (13)
Fl-sore = 2x Prec?s%on x Recall «100% (14)
Precision x Recall
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i FHA BERT BEAURZE 2400 12 )2, B2 4ERE S 768,
R 2 SR AL, Sk B R 12, B KSR e
M2 ( Bi-LSTM ) B BRI 2 4ERE A 128, A i fit FH Y
B R LYY T B S5 R EE A B A EE I AR
Bo ZEARETCEIEE T WHILEBAT 55 T AR
SCIRZ% 1) AT FRAIE

S} T B UE CoBiTex-FTM iy 4% SEAATH AR Y 76 504

AL AR , PRI T LT i 4% SEUAR TR A R A 7 X
i .
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A E R
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Bm B R SE A H TR SR A 55, il bR
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[F], CRF 3 o) i X AR 45 1 ARt 30 o 2 2 hn 28 22 ] AR
MR R T HMM P sy Rk

(5) BiLSTM-CRF . Z54 1 Xl e 12 M 2% il
ZRPFREMLY , BILSTM 3 i X o] i U 41 22 IO £ e s A
FEHIRY b 3045 L, i CRF T8 i % JE RS 22 6] 1Y 42 =)
MO ZR LA RRZE T A v pf

(6 ) BERT-BiLSTM-CRF., %54 T BERT il Zifbt
AUF1 BiLSTM-CRF, BERT JZ i i #ill 21 | K 30
AN AR T Y R SO L 1 BILSTM-CRF )2 |
TR B bR AR 25 ff % . BERT A9 FI 25 /R $ 3t
TH R L UE B, #1153 BILSTM-CRF BEf% 5
I B RIS 2 A Y SE 2R o

(7) CoBiTex-FTM, ASCHEH FIRERL, 4 T BERT
F)_E R S0 R L BILSTM T JayifB b SCaipi , 23k v
B T2 R0 R, 45 K 8 2 R AR
et

DL b 7 BRI R E AT I 25X HE, 38 4 95 4 batch
size . KIFFIHKJE \ EFFHIT dropout A SEL, TR
RIS, 3] FARBE AR ) F1 4L, B HS 20 45
RN 10 s A GOR AN ZRi T L an sk 1 R .

CHLAEAEAT: 55 T SCABA 1y v SCTR 2% i R A
25 10 3 R A 44 SER R B B ERR T . R4 SR e
i F 1, CoBiTex-FTM ARG B & . 74 [7] A0 F1 43
B TEAL 48 bR AR R T IR, R R S
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Table 1 Comparison of model fine-tuning/training duration

SR IZRgek/ | SRR
(Approx.) i min
GLM4-API
(APLJEH]) N/A 0 0
ChatGLM2-6B 6B 300 2,973
HMM TeBHL 20 175
CRF TeBH 20 204
BiLSTM-CRF TR ESH 20 409
BERT-BiLSTM-CRF 1.1B 20 1,047
CoBiTex-FTM L1B 20 1,108

(ABF5FE)
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WA 3 4R FE T BILSTM BEAU PR AT A eieast , i FH i
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Table 2 Ablation experiment results for named entity recognition

= KR | BEIR/ | FI
i
1 % % SEU%
BiLSTM-CRF 69.44 | 6993 | 6836
AT )
Dt | BILSTM-MHA-CRF 7481 | 7569 | 7491
BILSTM-MHA-FTM | 8891 | 7821 | 7847
BERT-BiLSTM-CRF 9048 | 9177 | 91.03

il Bt

il BERT-BiLSTM-MHA-CRF | 93.52 93.05 | 93.27

CoBiTex-FTM 95.51 94.81 95.16
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Fig.11 Impact of training epochs on the F1 score of the name entity recognition model
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Fig.14 Impact of training epochs on F1 score in relation extraction models
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Table 3 Entity types and definitions of aircraft maintenance task
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PN 7SN BARGEBAL S, WA R ShfE. FEM . BAFEFSRSREL, 0 MR R SLEE N SR 47675
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"HLE": "2025", . {
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CIESCAE" s " ORHI AR AL Y LS AR O RO, bk b "subject”: "HEE2",
}, { "predicate”: "STEP_INVOLVES_PART",
{ "subject": “MRIMELFFREE", "object™: "SIl K"
"predicate”: "STEP_INVOLVES_PART", 1,
! ) “object®: "1l " {
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Fig.15 JSON text examples of aircraft maintenance task knowledge extraction results
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