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Fig.1 Application framework of multi-source data perception and fusion technology in

helicopter assembly production line
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Fig.3 Multi-source data fusion flow chart for helicopter assembly production line
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Table 1 Concept classes in the ontology model of helicopter assembly production line

EA7S ! Ak bawid
Thing class Jc L )T SR Nk S D S BN TS
AssemblyLine class Thing BT BCA: 2k
Equipment class AssemblyLine VRS, SEB ™ i AR O PR A T ARG I 45
AssemblyProcess class AssemblyLine BEWE T2 REWC A (] v SE R AR P R AR
AssemblyStation class AssemblyLine BEMCN L, BETC 4= ] v R BB 28 AR L AN TP 0T
CapacityControl class AssemblyLine FERERE ] BEBC A R R A TF = RE TR A 2
Actuator class Equipment PATERS
Detector class Equipment % £
AssemblyTask class AssemblyProcess BEPFAT S5, 2 e R T P T ) T AR
AssemblyProcedure class AssemblyProcess L TJF AL T A T AT 1 — R G
Entity class AssemblyProcedure SRS, PR FH B A B B R T A
Location class AssemblyProcedure {7 BAF B2 R SR P i 07 B A5 S
Status class AssemblyProcedure RMF R, W SR TAERESFRE
Event class AssemblyProcedure FHE B2, TURAE EL L AR v v R
Time class AssemblyProcedure A1) B2, I SR T AR R A B Rl 45 8
Action class AssemblyProcedure SRR B2, HiR SRR AE i A v A 3R E N 2
History class AssemblyProcedure D3 A5 B2, S A e i A e e s 4 B ) R B /5
RelativePosition class Location TEZRE L = 2 A2 (] R AFDG) 3l 7
GeographicLocation class Location TEF=4 P B 4 X A AR AN B
AircraftDigital AE class Actuator HLE SR AR e Bl iR A
IntersectHoleGME class Actuator S AL 2R I T 4%
AutomaticRDE class Actuator H ks &
AutomatedREE class Actuator A S &
PartQualityIDUE class Detector TR R RGN 5 A
WaterIntegrity TDE class Detector TREE PR REM ik &
F2 EANEBREFEZAEEREPHIERE
Table 2 Object attributes in the ontology model of helicopter assembly production line
AR JE Sk {Fk ey
hasEquipment Entity Equipment SCARALHE P2 TP S S R 22 A RS A R TR
hasStation Entity AssemblyStation A SR Bl (v AR P15 S,
hasCapacityControl Entity CapacityControl B SR = REFE I 5 B
hasLocation Entity Location = MININIVACR IS
hasStatus Entity Status WA SRR (F B2
hasTime Entity Time B SRR R) (5 B2
hasAction Entity Action WA SR BN IE(E B2
hasEvent Entity Event P& R UNITE R I EISES
hasHistory Entity History WA SLARI Dy M5 B2
observe History Action or Event B D7 s A B2 A I il st F s E(R B
hasAssemblyProcedure AssemblyTask AssemblyProcedure AT 55 FEREHC T 7
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e 2 B e 222 SR FEHRE
entity_id Entity xsd: anyURI R A B SR ME— 5 kR R 2k o B e i R
entity name Entity xsd: string PR A SR 44 B b AE H FIAFfits AR AR 7R v (18 S Al
entity_type Entity xsd: string Pk i A SR I T8 WAE R RN R g — Rk ki
entity describe | Entity | xsd: string P11 SR R Fo XML 55 JSON 12 24712 B
Status_id Status xsd: anyURI WA BT T T A I A A IR A G 5 I PTIRGIIEIA = 2% E "
Status_working Status (0,1) TARIRZS, CO/ 5 1 TR, 1/ IE% TA4E) d%m E%M%mifg%j}f Lty
Kd ¥ 4 1l JSON #H%2 T XML E.
Status_describe Status xsd: string s TAEBT PIRAS MR A TR AR S L T s s Al
Status_unit Status xsd: string g gl e B E B 5N H N A R T 5, e i
Status_value Status xsd: float BRI A 25 B TFHLE B A 7 e AR AR A Ji) 3R
Relative_position | Location |  xsd: string SR 7 2 ] L o LRI B, A SCR A JSON #%
coordinate Location | xsd: float SEATE A P B AR O BAMR AT I L -
Actonid | Action | xsd:anyURI TR PTG S Xi;: ;ffgﬂli ﬁfﬁ?;ﬁ;ﬁ%ﬁ@a
T . Lo Y2k I UH X No
Action_describe Action xsd: string TR TR A A A R B i SR [ AR AT L SR
Restr | st e T AT AR WL 4 1 JSON 44 2
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Fig.4 Ontology model of helicopter assembly production line constructed by Protégé software
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Fig.5 Example description in the ontology model of helicopter assembly production line
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Fig.6 Helicopter assembly process quality data analysis and prediction model construction
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Fig.9 Assembly quality improvement application flow chart of helicopter assembly

production line
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Multi-Source Data Perception and Fusion Application Technology for

Virtual Operation of Helicopter Assembly Production Line

GUO Feiyan', ZHANG Shuo', SU Andong’, ZHANG Jungi’, XIAO Qingdong’, BAO Qiangwei'
(1. University of Science and Technology Beijing, Beijing 100083, China;
2. AVIC Manufacturing Technology Institute, Beijing 100024, China;
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[ABSTRACT]

In response to the problems of multiple data sources, inconsistent description forms, and low utilization

in helicopter assembly production lines, research was conducted on multi-source data perception and fusion application
technology for helicopter assembly production lines. Firstly, the connotation and overall framework of multi-source data
perception and fusion technology in production line operation were defined, including the construction of a multi-source
data collection system for production lines, the construction of a multi-source data fusion model, the construction of a multi-
source data analysis and prediction model for assembly processes, and the application module for multi-source data analysis
in production lines. Secondly, based on the multi-source data from actual assembly lines, we planned to adopt standardized
production Internet of things (IOT) technology, ontology based semantic description methods, and multi-source data
based quality mapping technology to provide feasible solutions for perception and fusion technology in production lines.
Finally, the application measures of the above technologies in virtual operation process, including analysis of production
line operation status, monitoring of equipment usage status, and improvement of assembly quality were elaborated, which
provided a data foundation for the digital twin construction and virtual efficient operation of helicopter assembly production
lines.

Keywords: Helicopter assembly production line; Multi-source heterogeneous data; Data acquisition; Data fusion;
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