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A Study on the Stand-alone Inertial Navigation System
with low-cost Inertial Sensors

Jae Bum Cho, Ja Sung Lee
Ajou University, Electronics Engineering

Abstract - This paper presents calibration and
alignment algorithms for low-cost inertial
sensors. The error models for gyro and
accelerometer are presented with a study of
their effects. A navigational Kalman Filter is
derived based on those error models. Test
results are presented. which shows the initial
calibration and alignment scheme and the
proposed filter configuration effectively reduce
the drift of the sensors and provide improved
accuracy for its practical use for navigation.
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Table 1. Gyro Characteristics{SGN1-100-20)

Ex) —we [ =x 29
Rate Range +100 deg/sec Bias Drift 0.3 deg/sec
Output Scale Factor | 20mV/(deg/sec) Bandwidth 10 Hz
Bias Offset =1 deg/sec Quiescent Noise 0.2 deg/sec
Bias var. over Temp. =3 deg/sec Noise under vib. | 0.1 (deg/sec)/G

E 2. 71424 54(C3A-02-01)
Table 2. Accelerometer characteristics

=4 L) - =4 ki)
Detection Range + 2g Bias Drift 02 mg
Scale Factor 1Vie | Bandwidth (XY 12| oo
. 1 >7 Hz
Bias Offset =10 mg Quiescent Noise Img rms
Bias var. over Temp. *4 mg/T Noise under vib. 2mg : 15 mg

2.2 Calibration and Alignment Algorithm
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2.2.1 Calibration Using Sensor error model
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2.2.2 initial Alignment
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Fig 1. IMU Configuration

ol oy
- pro-fiter £ | } Nevigation &
J" (Sonsor #3) £ Keiman Fier

§

a¥ 2. AR aYe 722
Fig 2. The Structure of the INS

23 3% ol3dgz 933 ¢ A4AIE FYstd
de HolHE AelR9} /IEEe raw HHA o] BaA
+E F3 4 Zgoitk AFHP 4 27}-?_*4"7 Lige!
*li%l-l FHRor JEEAE xo yZeoez Be W
FE Boln 252 FHINEE 1g8§ BAAT ﬁi°]dr, 2}
o2y FE yawdH U FHAI vdewd Y %
714 ¢k 15% B¢ AMEAER 27138 gaEd
o)-2&t7] A8 A 48E $AAYY.

Y 4+ Aol yawd 9 raw EFX 9 eAHES
AXNBPYEE Ba) 23S SFR A vlaage
2 BAY AdE vololxel e A8 o3 dgo
Byag 44 g JehReoy By F Azbade] @
Zto] 120% FEYL B & 5 v},

2% 5% 62 FYA JAA £E8 FHIY 1Yo
x&o gy Azbac] 33 FA & 1200m b VERG
2 yHo2e o 100m 99X FHEII} e
a3 7L @7““’1 Ao AN AR ALE I3
F AMe WREEE a2 8 dx FAxe AT
o] Ag T W HE < 60x% =FFIT. 2HAA
HZo] NED B394 2.3m(2drms)2 237 &
Agct o] 48¢ S ANRPIEHE o83t AN
o] o xAdRe] seinelE A A}

23 82 oiFdiEn YT ¢ AAACYUE 33 33
3 4¥AHE NEDHEANN A9 AHe L’rEM?
Ak gl BEol Alzle] AdeE 3&‘%15’_1}-4 5
Hom —:—%53—}?} i & 71 "PEPE}E g#Ag & sled,
ol BAMAMY 23 Q¥ A 43 Aotk ol
Lid .?.i}% g Eolr] faME ol Hxg Ate 3
I F ANE gGA ZZFAIAY 859 HE
(In-flight) #3 ] daslch,

- 2272 -

23 3 Aol g 7M&EA FHA
Fig 3. Gyro & Accelerometer measurements
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Fig 4. Gyre yaw angle before and after
compensation
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Fig 5. Estimated position results
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Fig 6. Estimated velocities
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Fig 7. Static results
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Fig 8. Dynamic results
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