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Abstract: Aiming at the ultra-low-altitude airdrop longitudinal controller based on the L, adaptive control, by utilizing
the multi-criterion optimization method based on the parameter space investigation (PSI), taking the airdrop task perfor-
mance grade as an index, the three parameters, including the state predictor short period damping ratio, the state predictor
short period natural frequency and the low pass filter bandwidth, of an L; controller are optimized in this paper. Finally,
the proper Pareto optimal solution is determined through twice iterations to complete the optimization process. Through
the simulation results, the validity and applicability of the optimization process is verified and the ultra-low-altitude airdrop
task grade is improved into expectation from moderation through the optimization process. The transient performance
and the robustness margins of the L, adaptive controller are significantly improved which can ensure the security of the
transport aircraft effectively and the completion of the airdrop mission successfully.
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Table 3 Initial intervals of design variables
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Table 4 Criteria constraints

C1 <4.6158 Min C7<0.6 Pseudo
C2 <0.9343 Min C8 <0.8 Min
C3<0.74 Pseudo c9<8 Min
(C4<0.185 Pseudo C10 < 0.5 Pseudo
C5 < 3.8758 Min C11 <5 Min
C6 < 0.9343 Min C12 < 0.38 Pseudo
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Fig. 3 DV distribution of the Pareto solutions

(the first iteration)
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Table 5 Refined intervals of design variables

RS
DV  JE#
Min Max

DV1 1.3 1.05 1.7
Dv2 355 3.4 5
DV3 33 3 45
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Table 6 Refined criteria constraints

C1 <4.6158 Min C7<0.35 Pseudo
C2 <0.9343 Min C8 < 0.6 Min
C3<0.74 Pseudo c9<5 Min
C4<0.185  Pseudo C10< 0.4 Pseudo
C5 < 3.8758 Min Cl1 <4 Min
(6 <0.9343 Min C12 < 0.37 Pseudo

7 H22riERGZTSEE

Table 7 Design variables (the second iteration)

LB TERETEAR AL T, 7 R R HE N TTAT
£, 6 NParetof Lfif. Bl4ZH T AT IR BB SUE
Mifr et 8K B A, R TR LA H T 64
Pareto i MR IIFF Bt S5 LKA PERESR b B4 AL
1.

I AR

ParetofifILfif 1365 1495  1.625
DV JR#!
#85  #167 #182 #186 #366 #458 G
DV1I 13 123 125 137 130 1.61 1.33 Kl 4 ParetospILARESH— 430 X A (3R 2 GEA)
DV2 355 4.500 4.438 4.096 4.204 3.489 4.141 Fig. 4 DV distribution of the Pareto solutions (the second
DV3 33 153 352 215 345 303 298 iteration)
% 8 H2RHEROMEAIEATA
Table 8 Criteria (the second iteration)
Paretof MR
PEREEbR JR T
#85 #167 #182 #186 #3606 #458
C1 2.15E-01 194E-01 2.08E-01 1.98E-01 2.08E—01 2.04E—-01 2.05E-01
C2 1.04E+00 7.70E-01 7.55E—-01 7.56E—-01 7.82E—-01 7.67E—01 7.76E—01
C3 2.74E—-01 2.80E-01 2.86E—-01 2.82E—01 2.85E—-01 2.84E-01 2.84E-01
C4 2.06E-01 1.22E-01 1.21E-01 1.18E—01 1.24E—-01 1.15E-01 1.21E-01
b5 5.85E—-01 3.87E—01 4.18E—01 3.90E-01 437E—01 4.20E-01 4.24E-01
C6 8.20E-01 548E—-01 531E-01 5.31E-01 542E-01 5.16E—-01 5.32E-01
c7 2.28E-01 2.38E-01 240E-01 2.39E-01 2.39E-01 239E-01 2.39E-01
C8 946E—01 5.88E—01 5.93E-01 5.99E-01 5.55E-01 5.66E—01 5.64E—01
C9 5.87E4+00 3.61E4+00 4.67E400 3.84E4+00 4.66E+00 4.41E+00 4.45E+00
C10 431E-01 3.34E-01 3.44E-01 3.33E-01 3.49E-01 341E-01 3.44E-01
C11 4.04E+00 3.94E+00 3.99E4+00 3.95E+00 4.00E+00 3.98E+00 3.98E+00
C12 3.95E-01 3.72E-01 3.70E—01 3.72E—01 3.72E—-01 3.72E—-01 3.72E-01
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