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A Model for Prediction of Pilot’s Mental Workload of Human

Machine Interface in Civil Flight Deck
WEI Zong-min
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[ Abstract ]

load changes in different evaluation indicators during the flight was analyzed, a new improved multiple linear regression model was pro-

Aiming at the pilot’s mental task, human machine interface flight task was implemented at different levels, mental work-

posed, and a construction method of pilots’ mental workload change prediction model in human-machine interaction was discovered. The
results suggest that the mental workload of pilots during flight operation changed significantly in the evaluation indicators of response
time, accuracy rate, NASA-TLX and the SDNN, while the evaluation indicators of RRI Count, Max RRI, Minimum RRI, Mean RRI,
and Max/Min do not change significantly. By the improved multiple linear regression model, the individual mental workload with differ-
ent levels of flight difficulty can be predicted and ranked, with average prediction accuracy of 87. 5%. Accordingly, the proposed pre-
diction model fit well with the measured data, and can accurately reflect the characteristics of flight deck human-machine interaction
mental workload change, which can provide a basis for ergonomic evaluation and optimization design of future aircraft flight deck hu-
man-machine interaction.
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Fig. 1  Variance analysis of the differences of the mean

values under different difficulty tasks
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Table 2 Mental workload level prediction results

SEPREH] BN || LRI BINAER || SEhRRR]

EEE S

PRI EE A Lavie 2552 B3 AT HNE o
3.2 BTN R ERE

PEFRRAR DAL S5 RN 3% 3 Fm s MBI/ T
TERfA T, R PR () 22 502 M [ )= S0 A5 76 ] %of
ANT) A THERE T A AR 7 67 g 7K ST 2264 T 00 0 45 2%
K53 % BE B A 2 T oE B R 7E 81.25%
~93.75% , V-3 WMHERG 2k 87. 50%

® 3 AN AETERNTNER

Table 3 Results of predication accuracy rate

[SCRE SRR SRS N S 2 R CE (SR SR SR (S R S R e N S S
BN NN R W W RN NN DN
W W W W W W W W W W W W W W W W
W W N W W W DN W W W W W W W W

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 2
1 1
1 1
1 1
1 1

TMEE R %

UILEE /1
i i =] T AR
fi% 93.75 6.25 0 93.75
o 0 87.50 12.50 87.50
=] 0 18.75 81.25 81.25

M 2 TR S5 S AT A, SR Pk R £ TR T
[ 09 7 3k AR, AE D 24 P T F 0 2R g 87. 50%
48 LI REAS R ) S7 e, S 4 5 T4 5w
B 42 41,45 6 DUREACSTINZE 5L 55 T 45 A 22
— %, ST 2 R T 4 R T M 25 B R LA L BT
B F T O P 9 22 TT 4T ] U 0
TSI 3 57076 7T AT 42K AT B e O VR
3 it
3.1 SHTEEIEARAT RN 1 AT M R
VAT, Hha 8 % AT I 1 0 R 58 KR
FRBSI IR0 AT 7 o, B o 3 B AT IR IR AT 45
MERE BB E S 4% ST b X T ) 0B IR 25
FORUREE ) L BRSBTS R
T I 5 135 2 1 00 52 L i) 1 I 1 ok
BB TIN5 = ST AR B 2
NASA-TLX it 241 5 B BB i 34, 577 109
BT 8 s R, WA B BT R 1
BRGNS, ST 55 B S BRI &
WX H B BAE B REIY T RS, SR ¢
TS MRS 3 LSR5 T Sweller (1

3.3 MIRHEX

W E A AT B T A R R
4t 5 I AT 55, ARIU AT VR ML P i I 67 far PEA 48
b, SR MO ) 22 T0 48 01 VA 5 vk e 7 i 2 3 e A
BILAC L ki 3 50 Ay PN ABE TR

R BE A AT A © AT ML i g 4 e KO 2
T AEA HLVE [ N E 17 SE B 43 B s 1] B H B0 G
Fiti 3 far B GR HEA T A RCHUI , LA A 2 s AL
LH RGO R R B B g8 bl i R 2 P i
Jiki 3455, AT A 55 8L 33 1A mT R e B A Mg 7 £ o
o = BRI S, RIS 4

[ A, SR T ey A KL B e A MLAC B &R
GEAE e R i g 67 A A2 A T B T i, BIGE O Fe
il 8 I 38 T el R AL 4 1] U5 43 A 7 ik A KL
B A HLAC B ) 67 A U ARS8 | 35K — T3 vk 6 A
AL B Z G811 Fil 3 50T 1 T A A ]
AEELA 3 o

4 Zit

WFFEaRTT LA N 2iE

(D) ZhZ B s, AT R AL IE SR %
LI 0 3AE 5 R4 b SDNN NASA-TLX 3% 70
X 4 ANEEROTRATAE S5 AH S A i ) Ay 1 A8 A A
H U

(2) PRtk ) 22 SO L [l U PR TR v iz T 5 58
TR ATXEAS [ CAT AT 55 AL AP i
JI A KA T AN S5 830

(3) WHFERIE 17— 33 2 T R Bl A
BILAZEL i 3 G Ao T A A T A TR 1) 23 S TN
HEH R A 81.25% ~93.75% , - ¥4 T Il ofE o %
N 87.50%,

TS M . www.stae.com.cn



5274

By oA 5 TR

Science Technology and Engineering

2021,21(13)

(1]

(2]

[3]

[4]

(5]

(6]

(7]

[8]

[9]

[10]

2 % x #t

Dismukes R K, Kochan J A, Goldsmith T E. Flight crew errors in
challenging and stressful situations [ J]. Aviation Psychology and
Applied Human Factors, 2018, 8(1) : 35-46.

Young M S, Brookhuis K A, Wickens C D, et al. State of sci-
ence; mental workload in ergonomics[ J]. Ergonomics, 2015, 58
(1): 1-17.

TR, RRLLR), TR, . TRAT BRI 67 0 A A A
WITEBT L RE[T]. BEHR S TR, 2019, 19(24) : 1-8.
Wei Zongmin, Hao Hongxun, Xu Qizhi, et al. Review of research
on pilots'mental workload evaluation indices and measurement
methods [ J ]. Science Technology and Engineering, 2019, 19
(24). 1-8.

WA AL RAT s I ) A L BEAE PR E [ DL 7Y
2 SHINAERE R, 2007,

Yao Yongjie. Mental workload assessment in military pilots using
psychophysiological measures in flight{ D]. Xi’an: Fourth Military
Medical University, 2007.

TR, 2. 81k RTAF L AT Sl HLAL 9E IR 4 B 23
Brid]. AR AR R A&, 2003, 9(14) : 174-175.

Xu Shengping, Li Huaming. Analysis of crew resource management
of 81 civil aviation flight accidents[ J]. Chinese Journal of Aero-
space Medicine, 2003, 9(14) . 174-175.

SRBL, SEBISRAN, FEIKER. TCHLREAR W BN ) 6 A
SO AL R A4, 2014, 40(1) - 86-91.
Wei Zongmin, Wanyan Xiaoru, Zhuang Damin. Measurement and
evaluation of mental workload for aircraft cockpit display interface
[ J]. Journal of Beijing University of Aeronautics and Astronautics,
2014, 40(1) . 86-91.

Pulat B M. Fundamentals of industrial ergonomics[ M ]. Englewood
Cliffs, NJ: Prentice Hall, 1992.

FETLE, =T, Mk, % CHUBRILSE 5 5 i 1)
LRI I ()], KRB S B2 TR, 2008, 21(2):
103-107.

Kang Weiyong, Yuan Xiugan, Liu Zhongqi, et al. Synthetic eval-
uation method of mental workload on visual display interface in air-
plane cockpit[ J]. Space Medicine & Medical Engineering, 2008,
21(2): 103-107.

Mazaeva N, Ntuen C, Lebby G. Self-organizing map( SOM ) model
for mental workload classification[ C]//IFSA World Congress and
20th NAFIPS International Conference. New York: IEEE, 2001 .
1822-1825.

Ryu K, Myung R. Evaluation of mental workload with a combined

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

measure based on physiological indices during a dual task of track-
ing and mental arithmetic[J]. International Journal of Industrial
Ergonomics, 2005, 35(11) : 991-1009.

P, VAR, Ll APISSE AR AL A TR
RIREE[J]. O BEAEHR, 2010, 42(5) : 559-568.

Li Jinbo, Xu Baihua. Synthetic assessment of cognitive load in hu-
man-machine interaction process [ J]. Acta Psychological Sinica
2010, 42(5) : 559-568.

Hart S G, Staveland L E. Development of NASA-TLX ( task load
index) ; results of empirical and theoretical research [ M ]. Ad-
vances in Psychology. Amsterdam: North Holland Press, 1988.
Grassmann M, Vleminex E, Von L A, et al. Individual differences
in cardiorespiratory measures of mental workload; an investigation
of negative affectivity and cognitive avoidant coping in pilot candi-
dates[ J]. Applied Ergonomics, 2017, 59. 274-282.

Mansikka H, Virtanen K, Harris D. Comparison of NASA-TLX
scale, modified Cooper-Harper scale and mean inter-beat interval
as measures of pilot mental workload during simulated flight tasks
[J]. Ergonomics, 2019, 62(2) . 246-254.

Orlandi L, Brooks B. Measuring mental workload and physiological
reactions in marine pilots; building bridges towards redlines of per-
formance[ J]. Applied Ergonomics, 2018, 69. 74-92.

DR TRV B 58 7R ST i ) A S 36 ) g R
[D]. et destfiizs iR, 2014,

Wei Zongmin. The experimental measurement and mathematical
modeling of mental workload of aircraft cockpit display interface
[D]. Beijing: Beihang University, 2014.

Wei Z, Zhuang D, Wanyan X, et al. A model for discrimination
and prediction of mental workload of aircraft cockpit display inter-
face[ J]. Chinese Journal of Aeronautics, 2014, 27(5): 1070-
1077.

i R, T8, ERR, S ROV Z R S )
ST A PR T[T ] b w0 s i R K224k, 2016, 42
(4): 685-693.

Lu Kun, Wei Zongmin, Zhuang Damin, et al. Integrated physio-
logical model for mental workload assessment and prediction of air-
craft flight deck display interface[ J]. Journal of Beijing University
of Aeronautics and Astronautics, 2016, 42(4) . 685-693.

Sweller J. Cognitive load during problem solving: effects on lear-
ning[ J]. Cognitive Science, 1988, 12(2) . 257-285.

Lavie N, Hirst A, De Fockert ] W, et al. Load theory of selective
attention and cognitive control [ J]. Journal of Experimental Psy-

chology: General, 2004, 133(3): 339-354.

TS M . www.stae.com.cn



	0000a-13期中文目录
	0000b-13期英文目录
	001王世锋
	002邓雅军
	003朱洪洲
	004王旭昊2009012
	005孟凡迪
	006刘岩
	007邓诗宇
	008李志刚
	009郑文亨
	010翟佳宇
	011李赓
	012钟政
	013卫宗敏2009981
	014潘树茂
	015覃悦
	016易杨
	017李皋
	018杨广国
	019安宏鑫
	020闫红星
	021陈玉璐
	022张青
	023张璐
	024张玉峰
	025郇嘉嘉
	026梁瑜
	027赵刚
	028张可健
	029钱宇骋
	030王飞
	031马衍
	032亢洁
	033李广福2007288
	034宋佳音
	035彭海旺2008223
	036何志磊2007750
	037周勇
	038舒志乐2008389
	039周元辅2008246
	040尹文强2008810
	041陈哲2008617
	042欧孝夺2007689
	043李金奎2008338
	044李加辉2009031
	045沈丹萍2007266
	046毛三鹏2010350
	047孟勇军2007134
	048汤劲松2008033
	049张祥琨2007113
	050许美贤2010116
	051代天伦2008059
	052马玉亮2009677
	053孔令沛2007576
	054赵嶷飞2007129
	055王红勇2009049
	056朱闯锋2009986
	057谢毅2006923
	058《科技和产业》征稿启事

