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A Transfer Alignment Method considering a Data Latency Compensation for an Inertial
Navigation System in High Dynamic Applications
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Abstract - An improved transfer alignment method for a strap-down inertial navigation system (SDINS) is presented here. The
alignment accuracy in conventional method is vulnerable to the data latency of a Master INS (MINS) in high maneuverable
platforms. We propose a time delay compensation equation considering higher-order terms in the attitude measurement
equation of the Kalman filter. The equation incorporates additional information including angular rate, angular acceleration and
linear acceleration from the MINS. Simulation results show that the transfer alignment accuracy is significantly improved in
the high dynamic environment by incorporating the latency compensation technique.
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Fig. 2 Attitude caused by pitch motion and wave motion
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previous transfer alignment algorithm
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Table 2 Performance of SINS applied to simulation
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Table 3 Performance of MINS applied to simulation
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Fig. 4 Attitude error when transfer alignment of case 1 is
performed in SSL1 (time delay 0.3sec)
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Table 5 Comparison depending on time delay in SSL5

AIZE = A Eli=)
A | RMS | MAX | RMS | MAX | RMS | MAX
THQ] | sec | mrad | mrad | mrad | mrad | mrad | mrad
0.05 | 1.08 | 117 | 096 | 1.056 | 121 | 148
0.1 113 | 168 | 1.02 | 166 | 141 | 231

Casel
0.2 1.20 196 | 1.07 | 1.59 1.44 2.24
0.3 1.51 358 | 140 | 3.28 1.90 | 412
0.05 | 1.08 1.17 | 096 | 1.05 1.21 1.48
0.1 1.08 1.17 | 096 | 1.05 1.21 1.48
Case2

0.2 108 | 1.18 | 096 | 1.07 | 1.21 | 151
0.3 109 | 1.21 | 097 | 111 | 1.23 | 161

54 &
2 =RdMe wis oM HEg Zhstt AIIKAEY &
2dd 7IHE MAISItL ARIAA Y @xol ofal A9l 7]



=0 wet St BojAE 7IE AEEY JHE Hesto]
MINSS] ZH5ke, Z7kEE J8|a 7SS 018310 AR
AHe Hysith o] o S ARE 45T FEERE F
HORM ZIEErE EHEA] = MINSOIE Ago] 7156
=5 olltt. AlEEoldE Sall ARIKIO] 341 RpAdES 2
54 g8olME gsAlst glo] duddol salEs Solskt
T} whebAl RIQksh Wi e & AR QRE 24l ZHeE0] &
HEAE AR o5t MEdY g5 Koph WdstAl &
o MUY Hs0l IA MAE ZeE Z|tieEnh

References

[1] D. H. Titterton and J. L. Weston, Strapdown Inertial
Navigation Technology, Peter Peregrinus Ltd. 1997.

[2] K. W. Song, C. B. Jeon, J. Lyou, “A Transfer Alignment
Algorithm  Using Velocity and Quaternion Partial
Matching Methods”, Journal of control, automation and
systems engineering, vol.3, no.3, 1997.6, pp. 238~243

[3] C.J. Kim, J. Lyou, “Comparison Technique of Measure-
ment Time Delay in Transfer Alignment Using the
Double Moving Window Buffer”, Journal of the KIMST,
vol.14, no.4, 2011.8, pp. 684~693.

[4] C. J. Park, M. J. Yu, S. J. Lee, “Transfer Alignment
with Adaptive Filter Estimation Time Delay”, Journal of
the KSAS, vol.36, no.11, 2008.11, pp. 1079-1086.

[56] J. Lyou, Y. C. Lim, “Transfer Alignment Considering
Measurement Time Delay and Ship Body Flexure’,
Journal of Mechanical Science and Technology, Vol.23,
2009, pp. 195~203

[6] R. G. Brown and Patrick T. C. Hwang, “Introduction to
Random Signals and Applied Kalman Filtering 3rd
edition”, John Wiley & Sons Inc., 1997

[7] D. Goshen-meskin, I. Y. Bar-itzhack, “A Unified Approach
To Inertial Navigation System Error Modeling”,
ATAA- 90-3367-CP, 1990.

[8] K. W. Song, C. B. Jeon, H. B. Kim, “Performance
Comparison of the Transfer Alignment Systems using
Attitude Matching", The T7th precision guided missile
conference, 1997, pp. 97~101.

[9] K. W. Song, “Realization of a SDINS Transfer Alignment
Algorithm and Performance Evaluation using FMS’,
Journal of the KIMST, 2001, pp. 60-69

[10] K. R. Britting, Inertial Navigation Systems Analysis,
John Wiley & Sons Inc., 1971

IS BN BHBUTAL AZKA By MY 7Y

Trans. KIEE. Vol. 64, No. 12, DEC, 2015

0] & A (Hyung-Sub Lee)
20119 A7|ista ARsst £ 2013
g 5 s FRSEH EQAAD. 2013
Y ~a) FUTEETs 6T,

st A £ (Kyung-Jun Han)
20039 AlsAlgtisty AR FE S
E¢. 2005 Aetistn d71EFE S
SR AAY. 2005 ~SAR = Eaketed
ALATH.

br 4

0] A £ (Sang-Woo Lee)

1996 ofFtistn MOAEIE S,
1998 & tistd AMOASS} SHA
SR

Ab. 2008E = Ut FAIESHE
Ab. 20008 ~BA) SHIEIT4: HATE

£ 3 £ (Myung-Jong Yu)

19879 ZAEUhen FARESE EY. 1990
d & e AAsst EQAAD. 2002
W Agtisiu A7IEFHISER S (EAD.
1990 ~SAx] = utstolta A A,

1747



