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Abstract

In this paper, a novel method based on radiotelephony records was proposed. Designing expe-
rimental environment with ATC simulator, a bundle of data containing PVT values, and radi-
otelephony records was collected. Based on selective acoustic features, analyzing of each fea-
ture in contribution to fatigue level has been done. It can be found that with the fatigue levels
getting severe, changes exhibit in each parameter. Upon using SVM, it has also been proved that
the combination of features is able to accurately detect fatigue level. The contributions of this
paper could be used to construct applied tools for real-time controllers’ fatigue after further
studies.
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Table 1. Candidate’s schedule table
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fisf ] FoR BIR B=KR
05:00~07:00 1~5 6~10 11~15
08:00~10:00 6~10 11~15 1~5
10:30~12:30 11~15 1~5 6~10
13:30~15:30 6~10 11~15 11~15
20:00~22:00 1~5 6~10 1~5
23:00~24:00 11~15 1~5 6~10
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Figure 1. PVT value distribution
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Figure 2. Fatigue level distribution
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Table 2. Features’ vector selection
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Table 3. Short-term average energy
3. EHTReE

EERE) 1 2 3 4 5 6 7 8
T 0.936 1.014 0.982 0.781 0.872 0.863 0.933 1.206
RS 1.226 1.123 1.059 1.097 1.133 1.036 1.106 1.309
TR 57 1.568 1.626 1.498 1.450 1.608 1.527 1.560 1.622
EERE) 9 10 11 12 13 14 15
T 1.073 0.658 0.976 1.056 1.005 0.737 0.780
R R Y 1.137 0.986 1.112 1.136 1.226 1.077 1.108
R 5T 1.602 1.462 1.598 1.650 1.530 1.321 1.496
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Figure 3. Statistic results of short-term average
energy
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Figure 4. Average speech rate change tendency
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Figure 5. Statistic results of average speech
rate
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Figure 6. Variation of other parameters
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Table 4. Average rate of change of characteristic parameters

= 4. HESBIN T HE
REAE ) 5 1P 548 1
REAE ) 1 ESY)
BEERTT . TEEE O REDEYT REDEYT  RBEDRST. EME Y REDESY

IR E-E 7.30% 36.90% 7.70% 37.93%
PR IE-M 5.00% 28.14% 4.48% 21.4%
R OPUE = 7.25% 3.12% 6.25% 4.17%
B E S 3.33% 6.00% 5.00% 7.00%
SR [A]-R 8.33% 2.66% 5.16% 5.90%
MFCC 3.33% 6.45% 4.02% 9.30%
&P 0.86% 0.76% 1.20% 0.82%
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Figure 7. Number and accuracy of feature vectors
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ke 7 s, ATCUR BB ERHE A R (S EO RGN, REERiiE s, 4 MBS BRRESETRE.
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Table 5. SVR classification results
5. SVR LR

S SVR 43245 R
BRI 5T IREEIE 57 HIE
E 33.33% 54.52% 43.925%
M 32.75% 36.47% 34.61%
z 50.28% 66.67% 58.475%
S 30.02% 38.75% 34.385%
R 47.56% 53.28% 50.42%
MFCC 31.84% 35.85% 33.845%
P 33.33% 40.00% 36.665%
EMZSP 57.41% 65.56% 61.485%
EZRSP 55.71% 44.44% 50.075%
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Continued
EZRP 56.67% 70.45% 63.56%
EZSP 60.00% 66.67% 63.335%
EZRS 57.60% 66.67% 62.135%
ZRSP 40.00% 57.25% 48.625%
EZR 60.00% 91.20% 76.05%
ESZ 55.56% 73.43% 64.495%
ESP 68.20% 73.43% 70.815%
ER 66.67% 75.43% 71.05%
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Y&, (AHA Z OB ARSHMHSRES TR —S8 SR X TR S R, ESP
A BRI RIZEH, AT LLAS] 68.20%KEE o 1M FLXT-IREEIE 57K, EZR At EIR T Al LA
FI 91.20%KE 5 1145 3

G, T G 57 RS AT, G I 4 A AN P SRR T] DA R sl i e 1 o fl T R
B EREA X E IR~ A R0, A2 BRI O3 0 BRAT (T A U 15 2%, DRI LA AR T e okl B )
Yo, ARSI T TRATI, RA ST H VR E AR

5. &t

Wi 2 308 1 T R BE X GG T, R S e B R R 53 00 AR s T o 3 AR 2 )
TR BBV NG , 8 T R B 2 3 I 5 A TT DA R WA L 5 R

A SO T BANFFERR A 57 RS . 8 SEIR AR T PVT MG & A diclls, vt Fe il ds .
RS HTIE I T X Sk B S HCZ M A e, BT R 557 RS H — S0 AR s, (EXHE
SR A FEA AR IR SVM BERH T B 250N & S 800 57 RS K -, F B T R R
2 & 50T AR R o IR S MRS FE . JLh, ESP 414042 5 5 97 K5 15 31 68.20%, EZR 4144
X R FEE 98 55 RS FE AR 2] 91.20%

R AT A AR e A O AR —, B TAEM BRI A, B EE S R MiESE4LS 5X
il B RE SRS AR K ESS . Bk, FXAFE AL S 0, B DI 2 R AR, W
T H A SRR SRR 5T

oM
AR SCA B o B AR 2 R RS H (KU 1804) (RS2 FF

Sk
[1] Sun, T. and Chen, Y. (2005) Fatigue Management and Prevention of Air Traffic Control. Air Traffic Management, No.
5, 4-8.

[2] Williamson, A., Lombardi, D.A., Folkard, S., Stutts, J., Courtney, T.K. and Connor, J.L. (2011) The Link between Fa-
tigue and Safety. Accident Analysis & Prevention, 43, 498-515. https://doi.org/10.1016/j.aap.2009.11.011

[3]1 ¥raiE. =hacisE sl m IR Tk KR A BUUIRI 7 [D]: [t 24001852, il 4edbEE T oK%, 2016.
[4] EibT, BEAK, Ha. EHl RIETPIRS T IAMBE I ER T, ZE 52K, 2021, 21(6): 2652-2659

DOI: 10.12677/0jtt.2022.113028 296 BB EEFW/ N


https://doi.org/10.12677/ojtt.2022.113028
https://doi.org/10.1016/j.aap.2009.11.011

Wk

(5]

9]
(10]

(1]
[12]

[13]

[14]

[15]

[16]
[17]

Smats, E.M., Garssen, B., Bonke, B. and De Haes, J.C. (1995) The Multidimensional Fatigue Inventory (MFI) Psy-
chometric Qualities of an Instrument to Assess Fatigue. Psychosomatic Research, 39, 315-325.
https://doi.org/10.1016/0022-3999(94)00125-O

Charbonnier, S., Roy, R.N., Bonnet, S. and Campagne, A. (2016) EEG Index for Control Operators’ Mental Fatigue
Monitoring Using Interactions between Brain Regions. Expert Systems with Applications, 52, 91-98.
https://doi.org/10.1016/j.eswa.2016.01.013

Chen, Z., Xu, X., Zhang, J., Liu, Y., Xu, X,, Li, L., et al. (2016) Application of LCMS-Based Global Metabolomic
Profiling Methods to Human Mental Fatigue. Analytical Chemistry, 88, 11293-11296.
https://doi.org/10.1021/acs.analchem.6b03421

Jap, B.T., Lal, S., Fischer, P. and Bekiaris, E. (2009) Using EEG Spectral Components to Assess Algorithms for De-
tecting Fatigue. Expert Systems with Applications, 36, 2352-2359. https://doi.org/10.1016/j.eswa.2007.12.043

VEZE, PR, 8T TR AE R A (R 1) D% 57 MR 7 VR A 0], [ &2 ARl 243, 2012, 22(7): 66-71.

P, BEIE, ARN, SR BT 0 A 200 BT 0 O S A D], AR AR 2R, 2018, 39(10):
166-175.

et B T KR TN AR 75 [D]: (L2201 30]. R P E R, 2018.

Teixeira, J. (2014) Evaluating the Effectiveness of Schedule Changes for Air Traffic Service (ATS) Providers: Con-
troller Alertness and Fatigue Monitoring Study. Federal Aviation Administration, Washington DC.

Disorders Center Florida (2019) Psychomotor Vigilance Test (PVT).

http://www.sleepdisordersflorida.com/pvtl.html

Schmidt, M. and Gish, H. (1996) Speaker Identification via Support Vector Classifiers. 1996 IEEE International Con-
ference on Acoustics, Speech, and Signal Processing Conference Proceedings, Atlanta, 9 May 1996, 105-108.
https://doi.org/10.1109/ICASSP.1996.540301

Wolf, J.J. (1972) Efficient Acoustic Parameters for Speaker Recognition. Journal of the Acoustical Society of America,
51, 2044-2056. https://doi.org/10.1121/1.1913065

PR, AT, X%, B OIRAS TR AT R AR AL D). P B AR 2R R, 2020, 30(2): 158-164.
B, SO SR AL R EE B AT AL )], B AL SAERGER, 2022(1): 144-147+152.

DOI: 10.12677/0jtt.2022.113028 297 BB EEFW/ N


https://doi.org/10.12677/ojtt.2022.113028
https://doi.org/10.1016/0022-3999(94)00125-O
https://doi.org/10.1016/j.eswa.2016.01.013
https://doi.org/10.1021/acs.analchem.6b03421
https://doi.org/10.1016/j.eswa.2007.12.043
http://www.sleepdisordersflorida.com/pvt1.html
https://doi.org/10.1109/ICASSP.1996.540301
https://doi.org/10.1121/1.1913065

	基于声学特征的管制员疲劳检测方法研究
	摘  要
	关键词
	Controller Fatigue Detecting Study Method Based on Acoustic Features 
	Abstract
	Keywords
	1. 引言
	2. 实验策略及数据收集
	2.1. 实验设计
	2.2. 被测人员分组及PVT测试
	2.3. 数据收集

	3. 声学特征判定
	3.1. 特征选择
	3.2. 特征分析

	4. 多个参数的验证
	4.1. 支持向量机模型
	4.2. 参数组合的验证

	5. 结论
	致  谢
	参考文献

