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A B S T R A C T A R T I C L E   I N F O 
The nonlinear and high-dimensional nature of the impact factors affecting the 
production quality of aerospace products represents a major difficulty for the 
quality control in the aerospace industry. To obtain the impact factors affect-
ing the product quality, it is plausible to perform dimensionality reduction on 
acquired samples before further manipulation. In this work, the isometric 
feature mapping (ISOMAP) algorithm of stream learning is employed to per-
form nonlinear dimensionality reduction on aerospace data. This enables a 
calculation of the correlation coefficients between the principal components 
after dimensionality reduction and the original factors, the classification of 
the correspondence, and the ranking of the principal components according 
to their degree of influence. The experimental results show that the algorithm 
is able to carry out correlation analysis of 17 factors affecting the production 
quality of aerospace products, and analyze the 13 main factors affecting the 
production quality of aerospace products, and the degree of influence, in 
descending order, are the rationality of measurement methods, the rationality 
of test point design, tool wear, equipment normalization rate, the degree of 
equipment aging, the rationality of program design, the degree of material 
defects, the rationality of process route design, the rationality of tooling de-
sign, the technical level of personnel, the level of personnel experience, the 
personnel work status, and operational standardization. The ISOMAP algo-
rithm was used to reduce the dimensionality of these 13 factors to form and 
rank the six main influence components, thus eliminating redundant factors, 
highlighting main influence features and extracting the intrinsic relation in 
data. The data analysis conclusions can facilitate a prevention of potential 
quality issues in aerospace production. To ensure the enhancement of the 
quality of aerospace product production, it is recommended that standard 
automated measurement methods be employed wherever feasible. Addition-
ally, it is recommended that the regular maintenance of machining tools and 
equipment be strengthened to ensure that the machining tools and equipment 
are in perfect condition. 
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P O V Z E T E K  P O D A T K I   O   Č L A N K U 

Nelinearna in visoko-dimenzionalna narava dejavnikov, ki vplivajo na kako-
vost proizvodnje izdelkov za letalsko industrijo, predstavlja glavno težavo pri 
zagotavljanju kakovosti v tem sektorju. Za določitev vplivnih dejavnikov, ki 
vplivajo na kakovost izdelkov, je smiselno izvesti zmanjšanje dimenzionalno-
sti na zbranih vzorcih, preden se ti nadalje obdelajo. V tem delu je uporabljen 
algoritem izometričnega preslikavanja značilk (ISOMAP) s pretočnim učenjem 
(angl. stream learning) za izvedbo nelinearnega zmanjšanja dimenzionalnosti 
podatkov. To omogoča izračun korelacijskih koeficientov med glavnimi kom-
ponentami po zmanjšanju dimenzionalnosti in izvirnimi vplivnimi dejavniki, 
določitev njihovih povezav ter razvrstitev glavnih komponent glede na stop-
njo vpliva. Eksperimentalni rezultati kažejo, da algoritem omogoča izvedbo 
korelacijske analize 17 dejavnikov, ki vplivajo na kakovost proizvodnje izdel-
kov za letalsko industrijo, ter analizo 13 glavnih dejavnikov. Med slednjimi so 
po padajočem vrstnem redu vpliva: ustreznost merilnih metod, ustreznost 
zasnove merilnih točk, obraba orodja, stopnja normaliziranosti opreme, stop-
nja zastarelosti opreme, ustreznost zasnove programa, stopnja napak v mate-
rialu, ustreznost zasnove tehnološke poti, ustreznost zasnove priprav, stro-
kovna usposobljenost osebja, raven izkušenj osebja, delovno stanje osebja in 
standardiziranost delovanja. Algoritem ISOMAP je bil uporabljen za zmanjša-
nje dimenzionalnosti teh 13 dejavnikov, s čimer je bilo oblikovanih in razvr-
ščenih šest glavnih komponent vpliva. Na ta način se odpravijo odvečni dejav-
niki, poudarijo glavni vplivni dejavniki in razkrijejo notranja razmerja v po-
datkih. Sklepi raziskave z analizo podatkov omogočajo pravočasno prepreče-
vanje morebitnih težav s kakovostjo v proizvodnji izdelkov za letalsko indu-
strijo. Za izboljšanje kakovosti proizvodnje izdelkov za letalsko industrijo je 
priporočljivo, da se kjer koli je to mogoče, uporabljajo standardizirane avto-
matizirane merilne metode, poleg tega pa je priporočljivo okrepiti redno 
vzdrževanje obdelovalnih strojev in opreme, da se zagotovi njihovo brezhibno 
stanje. 

 Ključne besede: 
Izdelki za letalsko industrijo; 
Kakovost proizvodnje; 
ISOMAP; 
Nelinearno zmanjšanje dimenzio-
nalnosti; 
Okvir 5M1E; 
Korelacijska analiza; 
Nadzor kakovosti 

*Kontaktna oseba: 
liunz_tx@163.com 
(Liu, N.Z.) 

Zgodovina članka:  
Prejet 28. oktobra 2024 
Popravljen 8. aprila 2025 
Sprejet 21. aprila 2025 

 
Content from this work may be used under the terms of 
the Creative Commons Attribution 4.0 International 
Licence (CC BY 4.0). Any further distribution of this work 
must maintain attribution to the author(s) and the title of 
the work, journal citation and DOI. 

 


	Shen, D.Y.a,b, Liu, N.Z.a,*, Liu, W.b, Wang, Z.b
	References

