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Simulation and experiments of MOEA /D improved washout algorithm
based on motion test platform

LIU Weichao , WANG Hui
(School of Aircraft Engineering, Civil Aviation University of China, Tianjin 300300, P. R. China)

Abstract: The parameter adjustment of the washout algorithm greatly affects its performance. To address
the shortcomings of the current classical washout algorithm when it is applied to flight simulators, an
improved washout algorithm based on MOEA/D multi-objective optimization was proposed. Taking the
human perception error, washout displacement and simulation acceleration error as the optimization
objectives, and using the motion space as the restriction condition, the parameters of the washout
algorithm were optimized synchronously by adopting the multi-objective optimization algorithm based on
decomposition, and the optimal solution was obtained by using the fuzzy membership function. In order to
verify the effectiveness of the improved algorithm, a flight simulator motion test platform was established
and the washout algorithms with different optimization methods were applied to the platform for
comparative analysis. Simulation and experimental results show that the improved algorithm had the
shortest return reaction time. Moreover, the phase delay was reduced by 3.5 s, the stability increased by
30%, the sensory peak value was corrected, and the workspace was optimized by 54.6% ., so that the

simulator has enough movement space and higher dynamic fidelity when simulating extreme motion.

%5 B #1:2021-09-27 o % H AR B 89 :2022-03-23
ESWH:ERAAREREZAS S ERIMS REBEE TR H (U1733128),
Supported by the Jointly Project Funded by State Natural Fund Committee and China Civil Aviation
Administration (U1733128).
EBE R A X (1997 W LR A, EEMNF AT B AR 58 G HI A 5Y . (E-mail) 1365922554@qq.com ,
BEEE . TH. B 842, FENE CITH RS AL sh K326 5 5% . (E-mai) mike-simon2000@163.com,



126 TR K FFHK % 16 &

Keywords: washout algorithm; MOEA/D multi-objective optimization algorithm; human perception;

motion test platform; dynamic fidelity

e 1 B30 S — Pl A 52 R T 4L 8 22 TR] BIR A 14 155 0 TR AT 45 77 A 1 T R0 A 3 e A DR AU 3 Bl 1Y K
. G ZAEN AR TR M AE RS B . FEE R AR AT 4 Washout 38 #r b 47 T it
FHT ST RAFR T BOR Y [R5 22254 35 X006 1 S0k i 25 M R AT T A Ak - SCiR [2-3 Ixd 484 £ A 365 B
Ve SR EAT T ORGP A R B 2 SR Uk Hh Bty Asadi A0 SR SCRRL7-10 DR RO 2 1 45 0 AR 45
i) 77 32 R e Rk A kR TR SE S AR, SCRRC T 1-12 % i AE S BEAT T AL B B TP iz
SRR . H LR STy R RO B AT A R AN SRS E AR S PR IR B8 ) i T R

28 B 1 TR0 5 R T B e R R PR L B T, R 4R M R ) B N TR R AT R AR
R 2 ML A S B8 E AR RE 2 S BOE W 8RO T 4 il HOE al DA S Bt . £/h52
SR P A T S LT X M Bk A SR DA L (ER P A S R AR g A B AT R AR T
ANREBAG BN ZE S 1845 T RSB, Asadi 551 ITEVE B0 S BORFE I R IR 1% 22 DA KR 2 7 1A
PR R AR R T8 A% 80 DL RORE R 505 0 2 8t AT T AU B AR o6 RO 24 15 AR B AT JE 5L BE AT R
FUBR AL, IF B HEAT U —f b B R T 45 48 B 19 S 49 A (] 2 5 B8O A 285 2R 9 AN M o 0 LA S 300 2 B[] 40
Al . F3 40 LB IR 22800 1 3005 B B9F 5 249 2R T 7 09 5 3088 TR HE AT A0 910 4 5 A7 8 25 7 L 20 P s ST
I M T S B e AR il ST BRI R B A S PR AR

BEXF AL R, 253 R 1 LR T S0 Uk Bk AT Rt A

DEF XS H R 5k 04 8 A AIE 5 35 5% 1 005 0 7 a3 A vk st 57 17 AT B UL a2 Bl il 3 F- 15
W Uk B B AR EE L R LabVIEW S BURB8F & E LAY

2) ANTR] T H R R AR A A B bR DI A S o 22 gk Hh AT B Ak L 1R H N RN AR R R 2 LR ALLU AN
R 22 VR AL A5 Z AR AR . R HT MOEA/D £ HARUAL Tk 255 O S & 2 BR800t pareto fi
Uit B BEAT TUL 52 B, 305 2 MO R AR A 5

3) Lhaz s - 65 9 4 B 25 18] D BRI 2% 1F L 53005 19 2 Btk A R 2 DA o D0 A A 45 51 0 T T 6 AT
Bz S 6, 5 5 H AR AL BE 3T DL 22 gkt 0k R AT 0 LA X L

1 BHEZREFE BT

AT BRIz S AN P JERE RO o3 Mk o A7 UL AT LU G 2 o 5 7 AR B BT I Sk SR AL L KA T R
X RATELL AR A2 B B AT Tt RATERI AR B S 87 502 L Stewart HLA B B & L il A
BILAE 28 1) S I gk B3R T (S B S I it 07 2 42 oz Sl g 2 W0 LR (P 1) o AR Dy - Sead il AT 2
BRI R BCCHLAE AR AL BR 2R T (912 3 B 80, S 0d AL bR 5 A5 BN BUME AL Bn 2 1 RHL RS 055 th et e Hh 5
s A B 3 5 19 S AL A5 5 L SRR K1z 38 5 (9 0 28 BEAT S iz 3 22 Sk e Jm A5 5 i A B s 3l
-5 IR S 538 8l TTRE AT 25 3 B AR Bl R

Fo—f—— e i

| pe | SRR | mspee [SRHEE | o |
| Bwra g | Bk | |

TAIHL Stewart’E-& fAMRIESE B

B1 TEMSEEHAETEE TERE B2 EHiREoEs

Fig. 1 Workflow of flight simulator motion test platform Fig. 2 Hardware of motion test platform
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Table 1 Main working parameters of motion test platform
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