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Fig.2 Heatmap of correlations between HbO channel

activity in brain regions and anxiety scale scores
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Table 2 Descriptive statistical results

SR A R (2R) JNE B[] /5 #E2% HbO/ (10 P mol - L) f£4-75% HbO/ (10 P mol - L")
S 34.25 159. 54 -4.72x107° 6.42 x10°°
hrufEE 10. 42 177. 82 7.42 x107° 9.18 x107*
SN 67 969 8.44 x107* 2.65%x10 78
H/IME 20 33 -2.28x107* -8.41x10°"
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Table 3 Regression coefficients of influencing factors after feature selection

75 5 JH MVEEY X IO i X
145 —2.07 Frontal Sup Medial L( ZEM 0% L [1])
171 -1.27 Frontal _ Sup _ Medial _ L( Z&ll AR 1)
176 1.01 Frontal Sup Medial R (A0l P9AN%5 L =)
195 -0.09 Cingulum _Mid _ R(A 0P Fnats al )
F4 AEAZERFFHREERHVELR
Table 4 Measurement results of state anxiety using different kernel functions
YRR I E
it H 1 R
By iRz TRE RAL By R RE REL
£ 6.62 0.58 7.00 0.53
IRASFEIE (RE-S 6.53 0.59 6. 86 0.55
Z I 6.59 0.58 7.13 0.51
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Study of fNIRS-based anxiety measures for pilots
WANG Lei, GAO Minggian, HONG Ruiyuan

(School of Safety Science and Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: This study developed a pilot anxiety assessment method that integrates flight tasks with Functional Near-Infrared
Spectroscopic Imaging ({NIRS) , a non-invasive neuroimaging technique well-suited for dynamic flight scenarios. Twenty-four B —737
pilots with valid commercial licenses participated in the research. Typical flight operations were simulated using a high-fidelity full-
motion simulator, which accurately replicated flight dynamics and cockpit conditions to elicit authentic state anxiety. During the
experiment, fNIRS brain signals and reaction time data were collected simultaneously, with an fNIRS sampling rate of 10 Hz. Reaction
times were measured during critical operations, such as emergency handling and altitude adjustment, to capture neural activity patterns
closely associated with fluctuations in anxiety. During the analysis stage, the Least Absolute Shrinkage and Selection Operator ( LASSO)
regression was initially employed to screen 31 anxiety-related channels. This process eliminated redundant or weakly correlated features,
retaining only those neural signals that were strongly associated with fluctuations in anxiety. Subsequently, the most anxiety-sensitive
brain regions were identified. Next, a Support Vector Regression (SVR) model was constructed using a Radial Basis Function (RBF)
kernel. The model optimized the penalty parameter ( C) and kernel width () to minimize prediction errors and enhance overall
accuracy. The findings indicate that state anxiety significantly impacts pilots’ behavioral performance, leading to slower reaction times
and reduced decision-making accuracy during high-stress operations. Notably, HbO signals in the left and right medial superior frontal
Mid _R)

demonstrated the highest sensitivity to fluctuations in anxiety. These regions are linked to emotional regulation and stress processing.

gyri (Frontal _ Sup _ Medial _ L and Frontal _ Sup _ Medial _ R) and the right middle cingulate gyrus ( Cingulum _

The RBF-based SVR model achieved a RMSE of 6. 86 and an R* value of 0. 55, indicating a moderate level of predictive accuracy that
is suitable for preliminary real-time monitoring. These findings confirm the feasibility and effectiveness of {NIRS in identifying pilots’
anxiety in complex flight scenarios, addressing a significant gap in objective anxiety assessment during realistic flight tasks. Moreover,
this research provides a scientific foundation for developing real-time emotional monitoring and early warning systems. Such systems
could enhance flight safety management by facilitating the early detection of anxiety-related risks.

Key words: safety and hygiene engineering technology; functional near-infrared spectroscopic imaging; state anxiety; flight safety;

machine learning
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