55 57 B4 4 W [(EBnVIREEY PPN == [ AW S BN S R ) Vol. 57 No. 4
20254 8 H Journal of Nanjing University of Aeronautics &. Astronautics (Natural Science Edition) Aug. 2025

DOI:10. 16356/j. 1005-2615. 2025. 04. 018

EFfEMRREFEESF RITREFTARR

WH &, L%, KER
(PSR A K2 L 2% 4 6 0 0096 5 5 / 1R DLBRE B 3¢ 210016)

WE: KATABRASIE R B FRRIZES, TAB AL AEFF XL B L] RATREAT = A48 58
FEHEAT A . AR AT RAERREF KA 5 X T 842547 4, £ 123 B A A A R 5 A 35 3) B W A0 oL F
7T AT RALE D RAT Bk B, S — A B4 ok e 3 2 R R e RS A R T AT BB R R bt
B F E A F EET T RRAEH R F XA AT R BT AAE AT ABEBLAL G m, FREREN:
AR RSRAT EFI G AT RAERLAR BB ARERTFTAEN AT RAENTAE DN FHE, ERARGES
BAR A R T, AT R A REL 5 Ko, A m It & £ BAFRIEE S TR AT AT IR EFD,

FEEF AT AR AT RAL DB LRI R AR R F E M AR AT AR A A G AR R
hES%ES V2124 XHEEAREAD : A X EHE:10052615(2025)04-0760-09

Research on Pilot Control Behavior in Helicopter Target Tracking Tasks
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Astronautics, Nanjing 210016, China)

Abstract:During helicopter operations for target tracking tasks, pilots perceive the current flight state through
visual and motion cues, thereby generating corresponding control behaviors. To study pilot control behavior
under different motion feedback modes, this paper conducts pilot-in-the-loop simulation experiments under
two conditions: Without motion feedback and with roll angle motion feedback. A hybrid optimization
algorithm combining genetic algorithms and the Gauss-Newton method is proposed for pilot model parameter
estimation. Furthermore, the effects of different motion feedback modes on pilot control behavior and pilot
model parameters are explored using variance analysis. The research results indicate that the pilot model
parameters obtained using the hybrid optimization algorithm can effectively represent the pilot’s actual control
behavior and dynamic characteristics. Under different motion feedback modes, pilots adjust their control
strategies to improve performance in target tracking tasks and regulate their control activities.

Key words: pilot model; pilot-in-the-loop simulation experiments; hybrid optimization algorithm; analysis of

variance; helicopter-pilot coupling system; parameter identification
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