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Measurement Time-Delay Compensation and Initial Attitude
Determination of Electro-Optical Tracking System
Using Augmented Kalman Filter
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ABSTRACT

tTHHEE

, bong-Hwan Hwang

Due to the low output rate and time delay of vehicle’s navigation results, the electro—optical tracking
system(EOTS) cannot estimate accurate target positions. If an inertial measurement unit(IMU) is
additionally mounted into the EOTS and inertial navigation system(INS) is constructed, the high
navigation output rate can be obtained. And the time-delay can be compensated by using the augmented
Kalman filter. An accurate initial attitude is required in order to have accurate navigation outputs. In
this paper, an attitude determination algorithm is proposed using the augmented Kalman filter in order
to compensate measurement delay of the EOTS and have accurate initial attitude. The proposed initial
attitude determination algorithm consists of an augmented Kalman filter, an INS, and an integrated Kalman
filter. The augmented Kalman filter compensates the time-delay of the vehicle’s navigation results and
the integrated Kalman filter estimates the navigation error of the INS. In order to evaluate performance
of the proposed algorithm, vehicle’s navigation outputs and IMU measurements were generated using
sensors’ model-based measurement generator and initial attitude estimation errors of the proposed
algorithm and the conventional algorithm without the augmented Kalman filter were compared for the
generated measurements. The evaluation results show that the proposed algorithm has better accuracy.
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Fig. 1. Conventional EOTS and vehicle’s navigation
system,
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Table 1, Specification of aircraft navigation system H-764
List Value
. North, East 2.95m
Position
Down 5.7m
Navigation error (lo) Velocity 0.07m/s
. Roll, Pitch 0.01deg
Attitude
Yaw 0.015deg
Output rate 50Hz
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Table 2. Specification of EOTS IMU LN—-200,

List Value
Random walk error 0.03 m/s/vVhr
Accelerometer (1o) Random bias error 300 pg
Scale factor error 300ppm
Random walk error 0.07 deg/ Vhr
Gyro (lo) Random bias error 1 deg/ Vhr
Scale factor error 100 ppm
Output rate 360 Hz
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Augmented 20t ZEE 0|18 MAZE = FH|Q| ZHX N2 Satnt 7| AWM 28 1595

Velocity RMSE Attitude RMSE 7 Velocity RMSE Attitude RMSE
z o153 £ 5 2
E? gt Es €15
= = ) = =y
A ) £ =
= v 0.5 z1 Qs
D = - . | -
] 50 100 150 0 50 100 150 0 50 100 150 0 a0 100 150
05 08
w, o gt o
£ < £ S04
= — 03 = —
U:J"é 1 é i L% § 0.2
@0 o
0 SN
] 50 100 150 0 50 100 150 0 50 100 150 0 50 100 130
@ = 04 &" _ 03
£l 2 E4 S 03
= z 02 £, z
5 be a =01
] ; | " L |
0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 150
Time (s) Time (s) Time (s) Time (s)
(a) (b)

Fig. 5. (a) Velocity error and attitude error of aircraft without time—delay compensation, (b) Velocity error and attitude
error of aircraft with time—delay compensation,

Attitude RMSE Velocity matching ~ Attitude RMSE

0.08 == \felocity : )'\H 0.04 = Atlitude

e " . =) — Velocity and attitude matching
@ 0.0 |- Attitude matching N\ D )\,//JM
g 0.04 ——— Velocity and attitude matching PL f g 0.02 /*—’A///"f /"“-v/\ :/\
€ 002 ;’g:’:éj’\%f\}’mwmf AN & e 4 N

-~ i . \ o ‘ .

0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
503 f 5 02 ]w
8ol 8015
a - o 0.05 mm—

———
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
il !
5 o1} f I 500 J/%:M/
£ oo { g I AR
% [ % 0.02 T & S
AN

> 002 ‘ = S - > &, W% ‘ ‘

0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160

Time (s) Time (s)
(a) (b)

Fig. 6. (a) Estimation error without time—delay compensation, (b) Estimation error with time—delay compensation,

Table 3. Initial attitude estimation error,

Attitude RMSE(deg)

Axis i i Remark
Velocity matching Attitude matching Velocity anq attitude
matching
Roll 0.017 0.055 0.015
Pitch 0.036 0.042 0.061 Without time-delay
compensation
Yaw 0.027 0.040 0.019
Roll 0.015 0.044 0.015
Pitch 0.030 0.041 0.028 With time-delay

compensation

Yaw 0.018 0.038 0.015
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