Journal of Aerospace Science and Technology EFrfii &R KRR} =, 2024, 12(2), 88-95 Hans Y
Published Online June 2024 in Hans. https://www.hanspub.org/journal/jast
https://doi.org/10.12677/jast.2024.122011

A EBIANATHIRE T ¥ TIAF AR AR

BIOhE, AXES, x| B KO, REEP, kK OF°, KRR’
b RO AT B B, DO )1 RS

2P A K A B i S IR B, DO R

ST PR BT A R AT, ER

Wehs H . 20244F4H13H; FHBE®: 20244F6 H10H; KA HH: 20244F6H17H

HE

PR AR T A FEBIUTOERES T /AT RN AR KRR T . BIfUT 6 R IR MM R R Z#H
ER M EE R TR, RN AT B EARGAT, AT EE . AP TR RIS,
Bt T I OC B AR P A B UL T MBEIE S PR SS, M0 R & AINASA-TLXE R,
RE T HOR AT REIPPGIE S EMAF RS, AT T BIUAT OB RN AT BN A S e . @ 32
IPPGIS 5 HTHRVAHE, FHXHEFILESEIEEE, WRET X WT RINDARRAR D RIER, 4R
KU, BIFUTOGRBBERMT VT REWN SR . KNNERIZERR) AT RIS 7 R &
HEAERTE, 870.23%. ABFFKERERE T BINAT LN RE T REMERY, AN ITREE
HRf T EESREAERTH.

Xin
ATRE, IWRRF, BN, HLEES

e=ll]

Research on Recognition of Pilots’ Mental
Workload under Different Navigational
Lighting Scenarios

Shuaitao Jiao!, Wenbing Zhu?, Chuang Liul, Shuai Zhang?, Jingkun Zhang?, Yu Zhang3,
Chenyang Zhang?

1Xinjin Flight College, Civil Aviation Flight University of China, Chengdu Sichuan
’School of Transportation & Logistics, Southwest Jiaotong University, Chengdu Sichuan
3Flight Department, West Air Co., Ltd., Chongqing

Received: Apr. 13", 2024; accepted: Jun. 10", 2024; published: Jun. 17", 2024

XEFIH: G, Kok, XIE, Kb, sk, sk, KR ARBITT LRSS T AT SRR R BT A
[ BRA 25 i R RE 2, 2024, 12(2): 88-95. DOI: 10.12677/jast.2024.122011


https://www.hanspub.org/journal/jast
https://doi.org/10.12677/jast.2024.122011
https://doi.org/10.12677/jast.2024.122011
https://www.hanspub.org/

L &%

Abstract

This study investigates methods for identifying pilots’ mental workload under different navigational
lighting scenarios. Navigational lights serve as crucial visual aids for aircraft landing during night
flights and complex weather conditions, with their failure increasing pilots’ mental workload and
impacting flight safety. Through simulator experiments, this research designed tasks for night ap-
proach landings with both operational and failed navigational lights, collecting pilots’ PPG signals
and subjective workload scores using portable electrocardiogram devices and the NASA-TLX scale
to analyze the impact of navigational light failure on pilots’ mental workload. By extracting HRV fea-
tures from the PPG signals and comparing various machine learning algorithms, an effective mod-
el for classifying pilots’ mental workload was constructed. The results demonstrated that the failure
of navigational lights significantly increased pilots’ subjective mental workload. The KNN model
exhibited the highest accuracy in identifying pilots’ mental workload, reaching 70.23%. The findings
underscore the importance of navigational lights in ensuring flight safety, providing critical data and
effective tools for flight safety management.
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Figure 1. Experimental flight scenario
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RATRS WA MLSUKT 25 RE RIS . D 1 5 AR S T e A v 2% DR 2 (AR o B 22
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Table 1. HRV characteristics
= 1. HRV 4

HRV RHIE iR L¥yvA

Mean Jik 1R A (PP ) F 341 ms

SDNN PPI IR % ms

SDSD TR PPI 2 [H) 2 5 (MR 22 ms
NN50 R 50 Z R0 PPI HrE count

I SRR AIE PNN50 it 50 ZALH PP I & A E 43 E %
NN20 I 20 Z 01 PPI $i&E count

PNN20 L 20 =FPH PPL BT & 10 E 43 L %

RMSSD PPI HEaE 7 5 (13 5 R ms

Median PPI f) A 57 % ms
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LF/HF RAR(LF) 5 @ (HF) I Ee %
Total Power BRI B T ms?
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Figure 2. Subjective mental workload score mean value of pilots
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4.2. HRV $E4 o #h

X HRV FHEEE AT EAMERLR . X TRE& ESMIEEE, ACRH T T B3RS A
FAME R HRV RHIEMI 2 5 o T K502 FE B AN SRS AE AR S (E 22 S (b itk 7v2:, & T IE2s 40 A B 2551
G . X TAFFEIES M IEIE, AR T2 - i e U mRdEir . 2 - B8 U Rk 2
—FEAESHS L, & T WAL A B, S G T A R RS A EER AR . AT
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Table 2. Difference analysis results in HRV characteristics
= 2. HRV $HEEZ R M T ER

RFEAE oL i Giit i PE
Mean 2 - HEFe U 3619 0.9053
SDNN 2 - B e Ui 3412 0.5989
SDSD 2 - HEe U ki 3071 0.1111
NN50 2 - HEER U R 2604 0.0022
PNN50 2 - JEER U RS 2604 0.0022
NN20 T K —2.41681 0.0167
PNN20 T K —2.41681 0.0167
RMSSD 2 - BFe Uk 3075 0.1139
Median B - HAFE U RIS 3506.5 0.8180
STD HR 2 - B E Uk 3234 0.2787
Mean HR B - B e U KIS 3369 0.5089
Max HR 2 - B UL 3019 0.0791
Min HR 2 - BAFJE U K 3513 0.8339
Range g - HRHE U e 3347 0.4658
CVsD 2 - BHAFJE U K 31545 0.1828
cv 2 - BHAEFJE U K 3658 0.8095
LF 2 - BHEFJE U RS 3388 0.5478
HF 2 - e U K 2998 0.0685
HFUN 2 - BB U RS 4001 0.1886
LFNU 2 - BHEB U e 4001 0.1886
LF/HF 2 - B U R 3160 0.1886
Total Power g - HiFE U el 3320 0.4157
VLF 2 - HEg U ke 3405 0.5838
SD1 2 - B e Uk 3071 0.1111
SD2 2 - B U R 3438 0.6567
SD2/sD1 2 - HARE U R 3901 0.3165
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NN50 /& F57E B AN D K AR PPI ZE{E Hiid 50 AP A EL, T NN20 D2 ZE (i kT 20 =P i), %
=1 NN5S0 5 NN20 B8 H R B H O 2 RIS, X AT AE SO FER . 380 )00 B3 47 faf BRI 26 )R LA
K[12]. FEF NEARECER T S ) AT S, WAT S AT RES P SR A AR AT, AT 3 B0 3R A8 S AR
k. PNN50 AT PNN20 4351 & NN50 F1 NN20 (55 PPl A& H 0 bb o XS 4 Ui B35 22 e dt— b g i
THEAFE ATIH S AT ROARPIRES 1AL

4.3. INASTr oy

N T RN RAT BN SR AT R AR BB AL, AR SCR A T 2 RHLAR A 2] 3 A BENLAR AR (RF).
FRAEALSVM) L K FILAB(KNN) [13]. HAr, SVM % & T & L ik By (RBF) ML M AZ B 5. w5 %%
SPRFEREAT T ARMEACAL ], B OR B A R AECEAH R (0 RUBE b, AT a8 G T S e BB 5K AR AL RS 2R 25 SR
(03 BERER . O T 3R TR SE A3 R AR R, X & FIE I SEGHT R IE, DR B EIE & A SR B E
YT SVM, T&ETTRH 1. 2. 4. 8. 16, 32 FiEH; X T RF, HEpEE#S 5000 E A 10, 50, 100;
T KNN, IEIE(EM 1. 37 5. 7+ 9 HiEi. HAZSEON scikit learn 1.1.0 1 ERIASHL.

N T VA IX o R MERE, SR T 5 B XERAEM . 5 HTAC X6 IE I i B A A 4 N AR
gy, BT R DU AT IR, TR0 T IER,  DAROR IS LA 1 R 4 s A A 1)z Ak
A 1. AR TR @ JUAS S PRI TR AR oR AT B, B HE VA 2R (Accuracy) . A# i % (Precision) . 7 [F]
Z(Recall)fl F1 73 #((F1 Score). SRR 73R4 R WAL 3. HHEEHR AT A, AHEH KNN 73 A I 7 e 4 1)
S SERIR . FEHR . ARIRA FL 5%, 73 5)iE 70.23%. 70.95%. 69.70%. 69.61%. KNN F# 7 ()i
M S P B P RE I R T T MR AN T AR 2Rt SR AR A U, (LR AR AN R VAT S B N A X
43 RAT RN T 7K o KNN SRS LE ACHIE 70 i (R 3R BLBGAIE T HAE A RAT LA 54 43 2510 R T L 1)

.
Table 3. Classification results
=3 DEER
GES HEm LS Al F1 5%
RF 0.6070 + 0.0756 0.5984 +0.0888 0.5930 +0.0818 0.5840 +0.0918
SVM (Linear) 0.6608 +0.0743 0.6578 + 0.0763 0.6537 + 0.0793 0.6510 + 0.0830
SVM (RBF) 0.6485 + 0.0374 0.6497 + 0.0383 0.6400 + 0.0422 0.6362 + 0.0452
KNN 0.7023 + 0.0494 0.7095 + 0.0611 0.6970 + 0.0473 0.6961 + 0.0477
5. &5ip

1) BT e R BN AT AT RTE R A B R A e . R ERER AT 4, FRE
KABBIMAT Y R 48, ARUEH IR TAE.

2) HRV f&Fr( NN50. PNN50. NN20 1 PNN20)#E 2505 il AT G 7E B AT ' 2% ORI IE 5 55 L R
PN EN AT, D RAT 22 4 BBk o AR

3) KNN A RSLE U RAT G20 A7 77 T I Hh 650 s (v A v, LA AR SRAE RAT IR i 7 £ 1
T 2R G S (R 77

HEEmE
AT ITHAR S AT 24 8 S SLI0 = ITHEAR L 8IH (FZ20222X07).
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