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Fig.1 Classical washout filter algorithm

BLAGE B NS v A IS PN YT I Y AT A
TP Al AN R AR R | R PR I AR B4
TS A =AU PR 4 A2 Ly B Rk i = A5
PeiEE . FTP L T o AR bR R %

Ao SR v 3 U I A oR = B AR i R R, = (1)
F

Pt )5 20, Eas + @) (1)

A s BIERIEF 0, H— IR (rad/ls) ,0,, N
o R A Y D AR AR (rad/s ) L &, A g B e T D I
SRR L, T

3 AL 8 e Aok P oA ik R, an =X (2) s

2
w,

SR > B 2)

(s* + 20,5 + 0))

R s LRI T, o, A0 32 8 R 8 A AR L AR
(rad/s) , €, AN AR g I #w BELJE LU, ot 44
1 e U AR FH B A 2 R B, A (3) R

: (3)

(8" + 20 ,&E s + @2))

s FHRE RN T, w,,, A A R e A LB AR
(rad/s) &, MM EE ERE g AR et , o4 .
1.2 SHEHERRE

28 L R B R A AR SE B A TS Sl =
AN 2 PR R SE I RAT R A L R AT IRZ
SEBR AT HE ) (A ) 15 diaed b 3] FR R B R G L4911 4
WOFEEAL 1 G TRA TR 19 He ) (R U5, PR

H,

oh —

AR DRGSR RN 5 5 E LA AR R AR B S 1B 1k A A, e
MU= (4) R o

[cOcd spsbed — cosdp  coedsh + spsd

L, =|cOsdb spsdpsh + cocd cospst — sgocd)}

| —s0 spch cpcl

T.={0 co —s¢ (4)

(1 seth  coth ]

L0 splcOd  colsh
P, s M sin, ¢ M cos,t tan, @ A KHLEFEff (rad) , 0 J i
ia (rad) , & Jlmfi I (rad) , L T, AR AREFESRAR I

P AR R T MG 5 4 = AR IE E T 5 508
P BRI R R IR I g A SR R S A R
WL Ay Jon 88 A5 4 i, SR BRCEL B 2 s i o 1, 15 50
B, i BRSBTS AR . A
T Y08 IR A ] bR SRR o R A3 i i 3
SRR IR E A |, SRECL ) AE S AR A i S A R
a8 7 U FH B T B 4 R B B v R 2 o
JE o P Ak R 26 25T pl AP T Bk B3R AT [ 132 Bl AR
o X R EE BRI A B, = (@BL.08.dB, ) KFmR , 28
A= (5) Fros

e (5)
d)BL =0
S, @B, 0B, B, AY HI RS RS AR 5 A FR B



BN A S (R U E N R N U E S RURAT N4

43

(rad); f1,, fr, 7390 RGN IE] ) BRI R 18 1L ) (m/s?) o

2 NMARIERESR

o T RATELE B B R R R A B AR e
BRALIL PR AT FE B A8 Ak, i L B | A ARTITE &
Gk ATEBI SR RLE B . NARTRE R H HA
FREALAE L
2.1 HAEE

HA BB B 5 5 A IS 5 f, 25 Tk
JE o S5 E IR g YR, GnX (6) FroR

f=a-g (6)

HATBR s R Ean = (7) FoR , A S B R 1

} _ K(1+17.)

S (zps + 1)(z, + 1)
Kbz, 7,0, WHABRIETE R 5 KA

(7)

&1 AFEHGRESHR

Table 1 Parameter table of human otolith model

A1 (x) i () T F (2)
7, 530 533 533
T, 0.66 0.66 0.66
z 13.20 13.20 1320
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2.2 FPSIER

R AT B B LE Bl i A (R T, A
PREN(8) IR, ARSI R 2.

A

7,8

T,s

w
w

- (Tu + 1) (Tls + 1)(7’25 + 1)

K, 7,7, 0, R RS BRI ] 2%

&2 ANFENMERBSHR

Table 2 Human semicircular canal model parameter table

AR () T (x) i ()
7, 53 6.1 102
o 0.1 0.1 0.1
z, 30 30 30
STH 3.6 3.0 26
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Fig.2 Improved algorithm structure
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Fig.3 Fuzzy control of acceleration error
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Fig.4 Fuzzy control of angular velocity error
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Fig.5 Fuzzy control of line displacement
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Table 3 Perceptual error fuzzy rule
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Fig.8 Wash out line displacement curve
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Fig.9 Wash out angular displacement curve
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Fig.10 Human perceived acceleration curve
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Multi-channel Structure Optimization of Washout Algorithm Under Control
Compensation

Wang Hui, Pei Cong
Civil Aviation University of China, Tianjin 300300, China

Abstract: The simulation fidelity of flight simulator depends on the parameters of classical washing algorithm to a
certain extent. However, the disadvantages of fixed parameters and missing signal make washing motion have many
problems, such as phase distortion, delay and false suggestion, which lead to the insufficient fidelity of flight
simulation. A multi-channel variable parameter filter is designed to change its fixed cutoff frequency in real time with
fuzzy controller. A band-pass filter is introduced to make difference between the input signal and the translational high
frequency, medium frequency and low frequency signal, and then the missing signal is compensated by secondary
filtering. In combination with the translational high frequency signal, the low frequency signal mixed with a small
amount is filtered and the angle conversion link is used to compensate the angular displacement. The improved
algorithm is verified by Simulink modeling and simulation. The results show that compared with the classical washing
algorithm, the improved algorithm has larger platform motion space, higher simulation degree of continuous
acceleration, optimizes the phase delay, error suggestion and other problems, and improves the fidelity of flight
simulation.

Key Words: washout algorithm; flight simulator; simulation fidelity; variable parameter filter; signal difference
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