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Performance Analysis of Strapdown Inertial Navigation System
Sang-Jong Lee*, Chang-Sun Yoo**, Yo-Han Shim***, Jong-Chul Kim****

Abstract

The purpose of this paper is to show and define the performance, the system
mechanization and the algorithm of the Srapdown Inertial Navigation System(SDINS).
Frst, navigation eguations are derived in the Earth Fixed mechanization and this
mechanization apply to the two kinds of inertiadl measurement units which consist of
same fiber optic gyros and different accelerometers(SDINS1 and SDINS2). Those two
accelerometers have the different bias. To evauate its performance, two kinds of tests
have been performed - static motionless test, and rectangleroute moving test. The
results of the moving test are compared with the results of Differentid GPS which has
an accuracy with + 2.0mm. and are presented in this paper.
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(SDINS
(H/'W)
( )
(Inertial Measurement  System,
IMU)
( )
3.1
X, Y, Z
3 1
FOG 3 1 (A-12) 3 3
(CXLO2LF3) mounting
KVH 1 FOG (modd noRA2100 3
, FOG 1 interferometric
FOG DC +12V(+9
+18V), 170mA +100 /s
034 kg ,
-40 +70

0005 /s
, 0014 /s
1

DCOC Fawer Supphy L L R
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3. (IMU)
1. FOG
Performance RA2100 Unit
Range + 100 ° /sec
Resolution N
Rete 0.014 / sec
Sale Factor 20 mV/° [ sec
Nonlinearity 05 % rms
Performance| Full Tsmp 2 % p-p
Bias Sability 0.002 ° | sec, 10
Angle
Random 5 ° /hr/rt-Hz
Walk(noise)
Bandwidth 100 Hz
Turn on Time 1 sec
Input Voltage| +9 +18 Vdc
Electrical
Sensor Qutput 20 mV/ deg/ s
Weight 0.4 Kg
. Operating
Physicd Temparature 40 +75
Sze 112x 108x 41 mm

Korea Aerospace Research Ingtitute 31



A

32

|
1 1
2.3 (CXLOZLF3) Zero Signal Drift <25
(during one hour) W
Performance CXLO2LF3 Unit
Torquer Resistance 150 Q
Range +2 g
Sensitivity 1 Vig Environ Operational Temparature Bt 2
- mental
Bandwldth 125 Hz Temparature Range -60 +80
Perforamnce Noise 15 mg, rms
Noise density 130 Mo VHz Shock 79, 16 20 ms
- - o
Nonlinearity +1 % FS Weight 38 gram
Zero g-output| 25+ 0.15 mV
Temperature
Range 40 485
Environmental Temperature + 35 % FS a1 !
onmental  sensitivity c torque- feedback
Shock 2000 g
Input Voltage 5 Vdc '
+ 15V DC, 50 mA ,
+ 209 05mg
36
’ 3 1
Corssbow CXLO2LF3 ,
Ramenskoye 3
Design Bureau A-12
CXLO2LF3  slicon micro-machined
+29 , + 30mg 3.2
. DC 5V, 12mA ,
25V + 2V
2 CXLO2LF3 3 AD
8.1 A-12) 16-bit (resolution)
Nominal Torquer Scale Factor 1.7 + 05 32 AD
mA/ g
TSF Repeatability
TSF (during one year) < 200 ppm
TSF-non linearity <3ugd
TSHtemparature sensitivity | < 20 ppm/
Input Axis Error (IAE)
(direct component) < 10 mR
IAE IAE Repeatability <100 p R
(during one year)
IAE temparature sensitivity | < 25 p R/
Bias (direct component) <17 mg
. Bias Repeatability
Bias (during one year) <039
Bias temparature sensitivity | < 30 p o/ 4.
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(trgectory
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DINS2

GPS

4.1
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10
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3
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3 6
@ =0 =y =0° (north)
3
, 40Hz
, 7
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4.
SDINS-1
Attitude
Mean(deg) Sd(deg)
Roll( ) -02171 000137
SDINS-2
Attitude
Mean(deg) Sd(deg)
Roll(@ ) -0.1633 00142
Pitch® ) 0.0342 o0L3
9 ’
10
: e
Time, sec
9. ( )
5.
SDINS-1
Velocity
Mean(m/s) Std(mvs)
v -0451 2392
hid 0213 1188
V- 0.005 0.021
Vi +V 2363 1059
SDINS-2
Velocity
Mean(m/s) Std(mvs)
Vx '0554 2456
vy 0.070 1.392
v oon 0.262
V24V 2489 1.160
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3 DINS1
vx=0451m/ s, vy,=0.2131m/ s, v.=0.005m/ s

, DINS2 vx=-0554m/s, vy=
0.070m/ s, v.=0.011m/ s .
(VVi+\2) 2363 m/ s,
2489m/ s )

Xy
) FOG
0 .
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10 6
&
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10. ( )
FOG (W rierl)
SDINS1 127977m DINS2
136.60m
) DINS 1
z
1508m, 23.669m
z
SDINS1
z

6.
y SDINS-1
Position
Mean(m) Std(m)
I'x -27.111 131.187
ry 11.977 66.664
I, 0430 1.508
o 127.977 66.298
y SDINS-2
Position
Mean(m) Std(m)
I -31.111 137.323
Iy -1.444 83480
r. 0.3444 23.669
i r 136.60 76.6%4
4.2
15km
, 7
200
2.0cm
Differential GPS ,
Differential GPS
GPS
11 ,

GPS 13, 14

Korea Aerospace Research Ingtitute 35



briee —
S R g
E
o |] ol o
Amaaun —
4 -
o =
InFRa

14. GPS

11. 43
(gtarting point, A)

W=90)
®

. SDINS2 D
DGPS , DINS1

DINS1

16
PINS1

PDINS2

0SDINS1 : ¢ =105 0 =4577°  =90011°
0 SDINS2 : ¢ =106 0 =4576° | =90.004°

! 1 s
LI T T W
'
f -Ep } ! 14
: ]
-nd \ ]
I T o |
g 1 ] 1
.1 I I
. ] 1
i e —iH :
M e I SR
ST | [HF a
I e .'|| {. ! | | i |"
| -2 ki BiAL R ..n...-u.u_,_.__-_,_._u._-'._’J- |
[} B S | n
»NE
130 -1 -58 o 1z 10 120
-— s " East —v
R

13. 15.

36



Altbodes deg

Ral and Piich Rales, deglsec

=]
fr mwf 1

0 w1 4% o0 JI0 a0 M0 din 45
Tims, s8¢

16.

16 330 , 350 , 370

g

AR
el FA A0 D RO ADD A0 230 MG a1 S AF 4480

Ture. gac

Waw Rabe. deplec
=
+
T
S
1
——
|+
I

1)
I T T
Tirma, s

W)

B, C D, E

Wi, mis

Hertrenlal Accalarafiona . Bosy Frame, mises

Heading Angle, dag

o i

. = ﬁ:

]

"

b mD BD0 80 W0 WA WOE sBE el
Tirna, s

19.

15 X, Y, Z

5 [ 1 =
M b 4 HIiA
|| e ] k Wi
. EEIER
SasEaEs
.n.!._.;_

i e el e

Time, ser

Korea Aerospace Research Institute 37



38

Wy, mis

W, mis

Rx m

Time, sev

Time. s=¢

20.

Time, e

Tirea, e

21.
21 I cD, D-E
DINS2
1 D-E, EF DINS1
rZ
DINS2
: DINS2
G] :
0.042°
(SDINS1), 0.04%° (DINS2) ,
0.09° (DINS1),

0.102° (DINS2)

= (deg) = [roll(@) pitch®) yaw@) ]
DINSI=[LOB(L0E3) 44874577 -0011(RI60)
DINS2=[L112(1063) 4474457) -G000-R176)]
)

" mis) = w Vy v: ]
DINS1 = [ 1414 -0670 0241 ]
SDINS2 = [ 1433 -0860 -0284 ]

L] m=[ ry r- ]

DINS1 = [ 27078 -13.737 12.668 ]
DINS2 = [ 4147  -49243 5455 ]

(V (ri+r2)) SDINS1
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303683m, DINS2 4.379m
DINS 1
7 DGPS
7.
SDINS-1

re (m) r, (m) r. (m)

- 00488 | 15756 | -0.0770
04577 | 20482 | 01077

oc 18607 | 24181 | -04308
31230 | 2952 | 05231

67600 | -78743 | -0.7574

cD 71503 | 81004 | 0.7659
1116316 | 03055 | 14679

DE 122182 | 3764 | 25151
e 80527 | 18773 | 55804
99199 | 56787 | 56103

DINS2

I (m) ry (m) r: (m)

00720 | 18190 | 04411

AB 04549 | 2273 | 0595
o 26238 | 37402 | 48898
32018 | 4993 | 56045

244912 | -122858 | 7.8086

P 27262 | 125147 | 78195
38055 | -115774 | 54433

DE 53535 | 115774 | 68384
r 152006 | -150228 | -1.7298
158335 | 161613 | 18716

44
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(starting point)
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1 1
FOG (SDINS1)
{-—somas [T = (CXLO2LF3) FOG (SDINS2)
i """"‘L & DINS
| N 01 02, 01 04°
: ﬁ ':": , 3 SDINS1
Tt vx=-0451m/ s, v,=02131m/s v.=0.005m/s
Tire. wec ,  SDINS2 vx=-0554m/ s,
vy=0.070m/ s, v.=0.011m/ s .
: ( (V24 12) ) DINS1
=== ffi I 12797Im  SDINS2 136.60m
| i :
Em | 91 }4"‘*"’:%{“” T DINS1
I T O Y
0.042° (DINS1), 0.049° (SDINS2)
Time, anc , 0.09°
sy 24, ( ) (SDINS1), 0.102° (SDINS2)
. DINS1  vx, Vy, V2
5 1414, -0.670, 0241m/ s , DINS2 1433,
-0.860, -0.284m/ s .
DINS1 1 1y, 1z 27.078, -13.737, 12.668m
KARI-TN-FCGD-1995-001 , DINS2 41471, -49.243, -5455m
(Development
Algorithm  for Srgpdown Inertial  Navigation
System) (199 9 )
1 , , , ,
,  KAR-FOED TNH198001v 1rer ],
: 199
20mm 20mm  DGPS 2 , , , ,
(Differentid GPS , KAR-AD TNV 1= rev],
199
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