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The Effect of the Dynamic Environments on
the Performance of SDARS

Yong Jin Shin, Chang Bae Jeon, Moon Su Oh
Daejeon Machine Depot

Abstract

The performance of a strapdown attitude
reference system(SDARS) under dynamic
environments was analyzed by means of
computer simulation. The study is aimed
toward the performance evaluation in the
presence of translational or angular vib-

flight time. The
the error model

ration during 20 sec of

simulation was based on
of rate gyro, and Euler angle algorithm

was employed to compute the attitude.
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Table 2.

Specifications of the simulatéd vibrations

EFFECTIVE FREQ. OR RELATIVE
GROUP | CASE TIME BEHAVIOUR REMARK
VALUE/EACH AXIS RANGE PHASE SHIFT
1 NO-VIBRATION
2 SINUSOIDAL, 3-AXIS 5/J7g 30Hz NO
3 " : " 5 g " ..
4 RANDOM , " 5/J2¢ -2000Hz "
5 SINUSCIDAL, " 5/Videg/s 10Hz "
6 " , " 5 deg/s " "
I 7 " s 4 15 /J2deq/s " "
8 4 , 4 20 /yZdeg/s " "
9 " s " 30 /JZdeg/s " "
10 | manpom , " S/szeg/s ~408z | "
11 [ ” , " deg/s " | "
12 SINUSOIDAL, 2-AXIS 4.44 deg/s 1Hz | 90 geg CONING
| 13 " " 13.33 deg/s 3Hz : " HALF ANGLE
|14 ) " . " 22.21 deg/s S5Hz H " a =1 deg
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Table 3. Simulation results for various conditions

(1E|=((agP+(ag) 2e(ag)?)1/2)
GROUP 1 1T
EOWU%L CASE 3 2 4 5 [] 7 9 10 11 12 13 15 16 17 18 19 20
BIAS Ag 1.2001.20]1.20]1.20|1.20|1.20 |1.20 {1.20 §1.20 q1.20 }L.20 {1.34 1.3451.34 1.33] 1.3341.34
Aa .60 .60 .60 .60 .60 60 .60 .60 .60 .60 W60 W72 .72 .72 .72 W72 .74
Ay L6001 .68] .60) .60 | .60 .60 60 ) .60 ] .60 | .60 L6001 L9] .91 .91 .91 .89 .91
MASS~ ad .24 .24 .24 .24 .24 .24 .24 .24 .24 .24 241 .74 .74 .74 .14 .72 .65
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FACTOR ag | - - - - - - - 01 | ot |- - RS 1 IR E1 BT ST B
ERROR Al - - - - - - - .01 N - .27 .27 127 W27 .27 .26
NON- ag | - - - - - - - - - - - .20 .200 .20f .19) .22 .ie
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Ay - - - - - - - - - - - 17 L7117 .16 .22f L4
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ALIGNMENT A0 - - - - - - - - - .01 .02 .36 .36 .36 .36 .36] .36
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Ay - - - L0133 025 113 .4500 .0)3) .26 | - - .49 .49 .49 .47 .19 .49
O/A ANG. ag - - - .00 L0168 L0744 .288 .025 .037] .01 .114] .28 .7 .28 .28 .36] .28
Qigé?flvx_ 20 | - - - .00d .o16] 072 .288 .c09f .018] - c002) o7 | Lozl .o7| .os] .35 .06
TY Ay - - - .008 016 .07 .289% .009) .018] .00 L0081 .27 27 .27 .26 291 .25
TIME DELAY| &6 | - - - .007 .00} .oog .013 .010f .014] .001f .o16f .04 | .04 .c4] .os| .osf .06
E-Y=] - - - .00 .004 .02¢ .119| .005 .004| ~ .00z .04 .04 .04 .04 .07 .05
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COMMUTA- Ag - - - .02 043 L1933 .784] .124 .189] - 0L 12 .12 .12 J16f1:481 .43
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ERROR) aly .65 .66 .66 .65 .65 | .69 }1.16 | .66 | .68 .65 .66 1.57 | L.58; 1.58] 1.54] 2.14}1 .49
ERROR NORP‘ 1B 1.51]1.5311.53§1.51 ]1.5) {1.56 [2.20 [1.52 h.‘M 1.51 {1.52 |2.85 } 2.87] 2.88] 2.82] 3.74[2.82

661



4.3 ool HAyAEY 32

Z1

wA, 2

58 HWEE TR o2 92 HFAE(F
£ 15)°0 =g gl ANRE HE ¥, 2032
Y F A2t 33 694 RE WS 29 age
2.09, 20=1.3%, ag=1.6%0T}, o w A A
Bof mAlE 2t 4w AV|E 3 79 4V YA et
Walet.  FX 2Ae 4 FM wpoloa, BlABRA A,
AZELY, YFz2Md, A g, aftex, &
HE& A7t 50 U3 o2 o7 yepyieh, AR
ol ol Ay 227t 7hat aA wAst 97iME A

2 THY F9E e o, awd 27 37

ANClE 2 h4E Y Fwch: 4459 dgez A
$82Y, USHHLA U aVeAt AgAdyel A

HHY 2xfoz gt

Heth oo MYAEE V2o WY 32 ¥
52 7hstel Algaold ¥ #F 5//29% favtss
e WARNE(AS 16-17)F 5//2%/secs] 82
A4EE ZE HHNF(FS 18, 20)0] YYME IF
2 ¥EE T o F9(FL 15)% WA 4
28 WA A e aohA d¥e 27 des ¢ 4
UAth. 29 §37N4E7 30/ /2% secd HHNE G
7okl e (AL 19) M&Q AMex & ag, ao,
Ayt 247k of 0.5 yele) Aol qigich. o = =
greatgol] o3 ogol “ta a2 zgsgct.

b3l

(i

=

<

ATTITUDE ERROR(DEG)

R RN RT i
TIME(SEC)

Simulation result for case-15

14 18 20

Fig. 6

662

o
2.7
—_ —
2]
~ 1 ‘Bﬂ
g o ot
B 5 z 5 -3
g 1°4 = -5 DD
. 0] o o o 0 >
o pe 5 9] 4 @9 @m
& I o] 0 [ R R
g o o] é ¢ 9 @
e > o
N a8 ¢ g 3
a g‘ o - 8
o i B=]
Q& 3] Q, & )
Fig. 7 Comparison of error norms
5. 4 2
2 AFME BY oM HUNET HRNES

zo% Y g2 BY Ol R W I YuFH
=4 FEstact.

Ageold AT, WHE] Agehw shgeo] Wy
¥ e wol dge wom 5ol syolga Aol
s Aeie gg Wit oY BEAEe] A
W ooyee] eAyol gYg wASM, 59 o ge
A, 2%% AH4EA WAY e 9 aVes: AE
Y 8T dede] Aol sbg 2 dge sl
®rh Wb oL 54 BPRes 379 o
Aoly glovt f@AFo| WANEA U AP AH
eAe] dstol wEh o MW wee dshie 2e #
Y Aot

233 §AAEY 4 FUSH Aot B s

TAGEl f& ANEhER AW g AA 23 =

AL o A syt ww, LI F9
& WRNES Fests 9o BUEA AR YT A
B3 gl AW Gyo| PERAHST ThE WAS ey
Aedl, oRe Axd Aol AL B AzzA
FEZGE 7 ohyet A=Y 5y0| WA Floish]
W Zow wmuw,

&1
i

i

322

1. Robin B.Miller, "A New Strapdown Atti-
tude Algorithm"”, J. of Guidance, Vol.6,

No.4, Jul-Aug, 1983.

2. R.Mckern, H.Musoff, "Strapdown Atti-

tude Algorithm from a geometric View-
point”, J. of Guidance and Control,

vol.4, No.6, Nov-Dec, 1981.



