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Causation analysis of air traffic control operational unsafe event

based on TM-HFACS-FRAM
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Abstract; In order to improve the systematicity and objectivity of safety risk identification in civil
aviation ATC operations and to explore the causes and interaction relationships of ATC unsafe incidents, a
causal analysis method for ATC unsafe incidents was proposed, integrating TM, HFACS, and FRAM.
Firstly, TM technology was employed to perform text processing on unsafe incident reports, and high-

frequency keywords related to ATC operation risks were extracted using the Term Frequency-Inverse
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Document Frequency ( TF-IDF ) method. Secondly, semantic attribution was conducted on these

keywords, and an improved multi-level HFACS framework for ATC operations was constructed based on the

characteristics of ATC work,

and the corresponding risk factors were determined.

Then, the

interdependent relationships between various functional modules in the ATC operation system were analyzed

by introducing FRAM to reveal the potential impact of interactions within the complex ATC system on

incident occurrence. Finally, two cases of ATC unsafe incidents were investigated to analyze their risk

causes. The results show that the proposed method effectively mines the interrelationships between multi-

source causes and identifies multi-level risk causal factors, which verifies the effectiveness and scientific

rigor of the method in multi-source data processing and complex causal structure mining.

Keywords: text mining (TM);
functional resonance analysis method ( FRAM) ;
unsafe event; causation analysis
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Fig.1 Causation analysis process for ATC operational incidents
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Fig.2 Unsafe event keyword extraction process
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Table 1 Key words and TF-IDF values of unsafe incidents

in civil aviation control operation
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Report12:

I noticed Aircraft X was establishing himself on the localizer at 2,000, while minimum safe altitude
for the localizer is 3,000. I told Aircraft X that minimum safe altitude was 3,000 and climbed him
back to 3,000. Aircraft X stated T told him 2,000, T don't think I've ever issued, the distance between
aircraft and other is too small, to avoid risk, I request him to go around. If this is a hearback/readback
issue, I was probably just fatigued. Although it was later discovered that communication system issue
had caused the poor voice communication, the root cause lay in the short staffing at the HCF. Tam
fatigued, as are my coworkers, I am on the no list for overtime, but I was forced to stay an extra two
hours and work a ten hour day, the date of this incident. On the night in question, flights is heavily
congested, management staffed a D-Side only as a controller, but she was limited to where and what
times she can work, so this caused long periods on position for all of the controllers.
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Fig. 6 ATC operation unsafe event report text
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Table 5 Functional module and its attributes of the ATC event report12
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Fig.7 Controller directs the landing aircraft to climb to a safe altitude on the FRAM chart
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Table 7 Functional module and its attributes of the ATC event report150
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Fig.9 FRAM diagram of unsafe events in approach flights

APy A IR ARSI+ NP 55 + BRI 5 56
191 2 B 2% P ERBE IR ) WL A BB LA A
PSR IIL VR, O FRIEAE T MR8 5 HoR i
F IANBIREE S35 IO T A D R A X, DA fk
V-8 SR &7 S u R pl 0D ey e L P N
AT 5T B KR A B AT 22 S 4, (B 2l e i
FRAM J7 3R 5 B ) JL AR A

5 & it

1) At sl & TM HFACS 5 FRAM (9% i
BAT AR ST S HTAE SR, BEAE S AR 254
PR SCA PP R EOC XU TR 2R, Il i 2 )2 R 1
W5 R A KR Z0 3 THER BN R e S

B,

2) 7E HFACS fAI b 5] AGE BC T8 6z 175t
22 TR FR , ]GRBT A 2R AR AR
B BANE AT R A5 AN R 1) it R, Ak < 45 il A
AR HYERE P T FERAS R RS2 247 B AE AL
il 9 2201 BE 77 5 85 FRAM J7 k4 A SR 0 Hr i
AT HRRIIfE T IR R 5 SRR
SRl g

3) WFSE BRI N TR 18R AT et 1)
TIp, B = KA [ B fb i SCEAR 5 TR B 2 2 2
Fe R FIUIHLE] . AT 5] AR F R 5 (&
LG EFAR I — 240 e A4 N 45 4544 T AU 1%
FRERAE IR BB BE T .

& % x

[1] Kate R, Rebeca C. Understanding teamwork errors in royal air force air traffic control[ J]. Safety Science,2018,109:.
36-45.

(2] Chang Yuhern, Yang Huihua, Hsu Wanjou. Effects of work shifts on fatigue levels of air traffic controllers[ J]. Journal of
Air Transport Management, 2019, 76. 1-9.

(3] OgeE, Cetin M, Top S. The effects of paternalistic leadership on workplace loneliness, work family conflict and work
engagement among air traffic controllers in Turkey[ J]. Journal of Air Transport Management, 2018, 66. 25-35.

(4] &85 EFAANZPLEERRARITREDHIDAARLD]. K. PEERMAS, 2023.
Cui Xiangqi. Research on human factor reliability analysis method of air traffic controller based on cognition[ D ].
Tianjin : Civil Aviation University of China, 2023.

(5] ZER BETFERARFRCOMEZIURRDMEGEAHAARLD]. X2 PERMAZ, 2021.
Li Junwei. Research on cause analysis and control technology of aviation accident based on complex system theory[ D ].
Tianjin: Civil Aviation University of China, 2021.

(6] ZIEE NS BT 30H FRAM IRVAFTLEMDHLI]. MEFR,2020,41(12) :308-318.
Li Yaohua, Gong Ziyu. Safety analysis of civil aircraft system based on improved FRAM [ J]. Acta Aeronautica et
Astronautica Sinica,2020,41(12) .308-318.

(7]  ENSAI®. BT STPA JOABIMZESHIAE YLZEMDMD]. [ X: PERBNZ T, 2024.
Yin Hongyu. Safety analysis of aircraft approach and go-around based on the STPA method[ DJ]. Guanghan: Civil
Aviation Flight University of China, 2024.

(8]  Chauvina C, Lardjaneb S, Morela G, et al. Human and organizational factors in maritime accidents ; analysis of collisions



hoE e B o e $36 %

- 48 - China  Safety Science Journal 20264F
at sea using HFACS[J]. Accident Analysis and Prevention, 2013, 59. 26-37.

(9]  Liu Rulin, Cheng Weimin, Yu Yanbin, et al. An impacting factors analysis of miners” unsafe acts based on HFACS-CM
and SEM[ J]. Process Safety and Environmental Protection,2019, 122, 221-231.

[10] Zhang Xinxin, Chen Weijiong, Xi Yongtao, et al. Dynamics simulation of the risk coupling effect between maritime
pilotage human factors under the HFACS framework[ J]. Journal of Marine Science and Engineering, 2020, 8(2) . DOI .
10. 3390/jmse8020144.

(11] #EIZ. EF FRAM-BN 85 miE LL2EMXMIHGIAFRID]. FNX.: ORI, 2024.

Liang Yujin. Research on construction safety risk assessment of tower crane based on FRAM-BN method[ D]. Wuhan .
Huazhong University of Science and Technology, 2024.

(12] 0,588, 6R1,F. EF N-K-FRAM IZPR@ETLEXMBENFIL)]). PELERNFFIR, 2024,
34(5) .175-185.

Li Yike, Zhang Honghai, Shi Zongbei, et al. Coupling mechanism of air traffic operation safety risk based on N-K-
FRAM[J]. China Safety Science Journal, 2024, 34(5). 175-185.

(13] Wang Yuhong, Li Pengchang, Hong Cheng, et al. Causation analysis of ship collisions using a TM-FRAM model[ J].
Reliability Engineering & System Safety, 2025, 260. DOI. 10. 1016/]j. ress. 2025. 111035.

[14] sKINX ONERANGHRIM]. R PERMEMRA, 2011 55-75.

[15] KK, BT SHEENRMANBNDSEEFARIM]. IR AEMESEMRARZBREL, 2024:180-200.

[16] Zhou Jing, Ye Zhanliang, Zhang Sheng, et al. Investigating response behavior through TF-IDF and Word2vec text
analysis: a case study of PISA 2012 problem-solving process data[ J]. Heliyon, 2024, 10(16). DOI. 10. 1016/].
HELIYON. 2024. E35945.

(17] Z&,31H,E8%, 5. B3 HFACS BRI E RN B ERARL)]. PEZENZRR, 2023, 33(5) .
152-157.

Li Lei, Li Jiang’e, Ren Yufei, et al. Research on causes of urban rail delay risk based on HFACS model[ J]. China
Safety Science Journal, 2023, 33(5). 152-157.

(18] Xie Xuecai, Guo Deyong. Human factors risk assessment and management: process safety in engineering[ J]. Process
Safety and Environmental Protection, 2018, 113. 467-482.

(19] Bim, 2ol MEERZETRBA IR RXMEBHRL]. WIKZZR(EARZEM), 2023, 60(1):
93-102.

Kang Rui, Yang Kai. Key node identification and risk propagation of aircraft departure control[ J]. Journal of Sichuan
University( Natural Science Edition) , 2023, 60(1) . 93-102.

[20] Ei8, &RRHT, BN, F. BT ST-CON IZPRBEFIRALZETMRA[I]. PELZENFFIR, 2023,
33(5). 42-48.

Wang Chao, Xu Chuxin, Dong Jie, et al. Unsafe behavior recognition of air traffic controllers based on ST-GCN[]J].
China Safety Science Journal, 2023, 33(5). 42-43.

[21] Guo Yunlong, Jin Yongxing, Hu Shenping, et al. Risk evolution analysis of ship pilotage operation by an integrated model
of FRAM and DBN[ J]. Reliability Engineering & System Safety, 2023, 229. DOI. 10. 1016/]. ress. 2022. 108850.

[22] Qiao Weiliang, Ma Xiaoxue, Liu Yang, et al. Resilience evaluation of maritime liquid cargo emergency response by
integrating FRAM and a BN ; a case study of a propylene leakage emergency scenario[ J]. Ocean Engineering, 2022, 247 .
DOI. 10. 1016/j. oceaneng. 2022. 110584.

BB/ F—T (1997—), &, NG LA, BRI 10 2 gl % A M, E-mail

lyk1028@ nuaa. edu. cn,



