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ABSTRACT

Purpose: The main function of INS (Inertial Navigation System) is to measure the position of an armed vehicle
and its performance is confirmed through the positioning accuracy test of Korean Defense Standards (KDS).
The current standards, however, do not provide clear test methods and the conditions for performing position—
ing accuracy tests. Accordingly, the purpose of this study is to develop a new method for positioning accuracy
test which would be effective.

Methods: In this study, a new INS positioning accuracy test method is suggested based on the analysis of
test data collected through a statistical experiment known as central composite design. For the positioning
accuracy experiment of K105A1, a self-propelled artillery, two factors of driving velocity and driving distance
are considered.

Results: Based on the analysis of experimental data, a regression model for the positioning error is fitted
and the positioning accuracy test of INS is so developed to maximize the positioning error. The standard
proximity rate is used as an additional test criterion to evaluate the performance level of INS.
Conclusion: The proposed new positioning accuracy test for INS has the advantage of finding the non-
conforming items effectively. It is also expected to be utilized for the other similar INS positioning accuracy

tests.
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Kim et al. -

Figure 1. Talin 4000 INS (Inertial Navigation System)
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Table 1. Driving Test Conditions for Central Composite Design

Treatment x, (Distance) x4y (Velocity)
1 6.4 km (4 Rounds) 48.0 km/h
2 19.2 km (12 Rounds) 40.0 km/h
3 11.2 km (7 Rounds) 40.0 km/h
4 16.0 km (10 Rounds) 48.0 km/h
5 11.2 km (7 Rounds) 26.7 km/h
6 6.4 km (4 Rounds) 32.0 km/h
7 11.2 km (7 Rounds) 40.0 km/h
8 16.0 km (10 Rounds) 32.0 km/h
9 11.2 km (7 Rounds) 53.3 km/h
10 3.2 km (2 Rounds) 40.0 km/h
11 11.2 km (7 Rounds) 40.0 km/h
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ke Table 29 2t}

Table 2. Driving Test Results for Positioning Error

Turn Distance(km) Velocity(km/h) Di?jﬁzge Dl\ilfitrheenrcne Observed Error (m)
1 6.4 48.0 4 3 5.00
2 19.2 40.0 19 18 26.17
3 11.2 40.0 11 14 17.80
4 16.0 48.0 10 5 11.18
5 11.2 26.7 5 6 7.81
6 6.4 32.0 3 3 4.24
7 11.2 40.0 12 5 13.00
8 16.0 32.0 18 19 26.17
9 11.2 53.3 1 2 2.23
10 3.2 40.0 2 1 2.23
11 11.2 40.0 7 7 9.89

AX A7} 7V AA WA 20 A Wl F3 A7 19.2km, FHEE7E 40.0knv/h]] B-5-9F A 2
16.0km, F8E%=7F 32.0km/hQl 7501w, ojumjo] XA QAFE 26.17mE et =3 F3AY
11.2km, 3% % 53.3km/h 203 FPA 2] 3.2km, FHEE 40km/h 274 AXASE Qb= 2.23m=E 2.2t
fhol 7HE A2 Aoz yehdth FAQ T34 E 11.2km, F8E55% 40km/holl A 9] 33] Aghe @Ap7} Af# =
17.80m, 13.00m, 9.89m= 1At} AA| 113]¢] FFAF A e 9] LAk 25 714 oiel Ao s
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FYELE] Aol olxFd Feje exkgl Wshrh ek

3.2.2 YAAEE Xk vkerd 24 d 34 FHr)
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y = 14.14+ 7.109z, — 2.459x, — 3.109z5 — 3.94z, z, 2 (D

Table 3. ANOVA for Positioning Accuracy

Source DF Adj SS Adj MS F-value P-Value
Model 4 712.41 178.102 24.84 0.001
Linear 2 541.96 270.979 37.79 0.000
Distance 1 484.06 484.059 67.50 0.000
Velocity 1 57.90 57.898 8.07 0.030
Square 1 108.44 108.436 15.12 0.008
Velocity*Velocity 1 108.44 108.436 15.12 0.008
2-Way Interaction 1 62.02 62.016 8.65 0.026
Distance*Velocity 1 62.02 62.016 8.65 0.026
Error 6 43.03 7.171 - -
Lack-of-Fit 4 11.27 2.817 0.18 0.931
Pure Error 2 31.76 15.880 - -
Total 10 755.44 - - -
ob&# o] ARG R gk 94.3%017 HF Aol 19| P-ghe 0.931% FoI5F 5%cl4 @A 7R P
e 21 4 Sl 9o Bkt Ao 9 el o A ()& o]8-8ke] B yol e A& 3
gholl Fwatrtar Attt Bk yoll e 319145 o] 8% T =l W 12 Figure 3, 49} o
FAAYI A5%, FASE UL ANATE 0} Srhek ARS Rt

Contour Plot of Error vs Distance, Velocity
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Figure 3. Contour Plot of Positioning Error
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Surface Plot of Error vs Distance, Velocity
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Figure 4. Surface Plot of Positioning Error
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Table 4. Driving Test Results and Standard Proximity Rates Calculated
Turn Distance Velocity Observed Error (m) (O.(S)tél‘;odilng\i/setl;iece) Proitierl:if;rgate
(about, %)
1 6.4 48.0 5.00 00 00.0%
2 19.2 40.0 26.17 00 00.0%
3 11.2 40.0 17.80 00 00.0%
4 16.0 48.0 11.18 00 00.0%
5 11.2 26.7 7.81 00 00.0%
6 6.4 32.0 4.24 00 00.0%
7 11.2 40.0 13.00 00 00.0%
8 16.0 32.0 26.17 00 00.0%
9 11.2 53.3 2.23 00 00.0%
10 3.2 40.0 2.23 00 00.0%
11 11.2 40.0 9.89 00 00.0%

Table 49) AnE vhgro 2 FA2EA e ITRAS 2 (33} Po] FEaAT, LA A= Table 5
9 2y,

y = 49.11+4 8.37x, — 6.89z, — 2.382% — 10.72x2 — 10.562, 2, 2 (3)
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Table 5. ANOVA for Standard Proximity Rate

Source DF Adj SS Adj MS F-value P-Value
Model 5 2702.84 540.57 6.16 0.034
Linear 2 1125.16 562.58 6.41 0.042
Distance 1 670.28 670.28 7.63 0.040
Velocity 1 454.88 454.88 5.18 0.072
Square 2 1131.95 565.97 6.45 0.041
Distance*Distance 1 54.05 54.05 0.62 0.468
Velocity*Velocity 1 1096.87 1096.87 12.49 0.017
2-Way Interaction 1 445.74 445.74 5.08 0.074
Distancex*Velocity 1 445.74 445.74 5.08 0.074
Error 5 438.98 87.80
Lack-of-Fit 3 33.87 11.29 0.06 0.979
Pure Error 2 405.10 202.55
Total 10 3141.82

NS 3% A A2 ol et FARES) R 0.8600.2 UEIton, fo)5F 5% F3A

, FHEEFYST FPuto] BAH o Fo3 Ao yepdth 2 1A B U IAREe, RPHS
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=
=g A4 E et

Distance Velodity
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= Cur [19.2160] £30.9584)
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" ) S
-~ ™ \
Ratio 3
Maximum / g
¥ = 70.4564
d = 1.0000 A
\
X
\

Figure 6. Optimal Condition for Maximum Standard
Proximity Rate
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