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Abstract The navigation system for self-propelled mortars consists of pure navigation mode using inertial
sensors and corrected navigation mode using Kalman filters. After initial alignment, position information
must be stabilized despite rapid changes in the mortars' operating position. However, after the initial
alignment of the navigation system, the position information (roll, pitch, heading) does not converge,
and changes rapidly when the mortar is driven without moving it in corrected navigation mode. This is
a phenomenon caused by the error covariance value among the state variables of the Kalman filter in
the corrected navigation mode. Therefore, in this study, an alignment procedure is proposed so that
pure navigation mode and corrected navigation mode can be selected depending on whether or not the
error covariance converges after initial alignment of the navigation device for the mortar. The improved
alignment procedure was verified through performance and system testing. In addition, we believe it will
greatly contribute to the ability of the army to conduct operations, because it is possible to quickly

prepare for firing when maneuvering after the initial alignment.
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Table 1. The change of Heading, Roll and Pitch

Heading(mil) Roll(mil) Pitch(mil)
Max -953.3 -835.5 920.3
Min -956 -836.3 919.6
Difference(mil) 2.7 0.2 0.7
Standards < +1 mil < 0.5 mil
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Fig. 3. Variation of heading output

-833 F

-834 -

-835 -

Roll [mil]

-836 -

MAX
! ! L !
1200 1400 1600 1800 2000 2200
Time [sec]

Fig. 4. Variation of roll output



Zube] QAgEAle] ThE Az

AE 27|AA @xEE A

921 T T T T T

-

MAX

920

Pitch [mil]

919

I I I
1600 1800 2000 2200

Time [sec]

1
1200 1400

Fig. 5. Variation of pitch output

olo} T RS BHNY| Site] AFAE G
H gueEe slstdct g dueE] TAL of

& Fig. 63 2ot WA 27|4Ee 4adt olFde &
Y ZEolM BN dHolHz AAAtS 3T
o A ZRHEE AAALE DACIA ZRHEEE o

Botol BN oot © 27] AH2A, XL
A, SEOAS YT ST A (Mgt 2ol 2
whE] geEse) 29gr )3t Fikel Aolg ek
£ QATRIP, o] S| Aol 544 2 574
Aol w2 e 245,)0l Hopt & 5 9k &
B2 F A% A Aol 9T 9] et Hn
7} 4 o]F A Hrt RE37] o] QATEANP, )
9 2] o] Mg,

5] 27]

Initial
Alignment

Pure Mawvigation

Artitude
Calculation

Kalman Filter
Attitude Calculation

Kalman Filter
Attitude Update

Position
Calculation

S
—
==
—
===
e,

Fig. 6. Navigation Algorithm

841

oj2f3t A2 FIFWEAIl A8 Avtdy 54
off gt Ao AF HA| Aol 7HASEHA] o2 AJH
Hao] o= sy AJEo] tiRt WAt 2 HA|
oot AR, AlAdo] TREESHA] 2 Afolle i
¢ 22 34 FEolu 54 tee 7 e 4
et F74o] 271517 melHH8, 9l & AT BRIl
£, 9A, GG FolA 2SR FgelE TSR
AlA, Aol Aol Hlolg7t 7Hg Al 50127 o
ol 7HESAo] Rt 3S A A 7RESAdo]
W2 e S48 AAEE] #2590 B4
QARZZAte] M| A} W A0 P vAY] W2
of & 13T} 2ol AR PERE AIAZIH
nEbA ] 7hs F 27|gA0NA 7S AdEel
£ 2Ag2A 0] FFol Aol FF= A e
A Al gt g Fare}E iAol Basie.

M

[

ot

4. 74
71& i daEEo] Higt &A= 27188 § 5%
HEER Soj7kx] IMAE ol8sto] d RS
Axsltt, J=|3 BAFHR TN BAAAMS} GPS 5
9] 24 kS olgsto] AL R Mgk Akttt 2
THHE R AR 3Alshe P8-S WHESto] SPHEaA|
g Attt AR 2jgFo] Aol P
e Y Ao e E ks o s 5
FRZ9 A 3} FEA] 7P BA gt ol
THEE| 9] el 25 AN AL FEAte] =R6HA]
k2 Aol Alo] AT AW A AL W 4
of e n|x]7] wEolct. weba] 7l wE JF
& AASE| fIste] off Fig. 73t 2ol sfMstarat g
ok AR A 27198 o] 25 QAgRAL 3
< 7|F02 o] eagEAto] £Hs] Aol &5
HREE ARES £ S JRAdsktt
A =9 3 darejEe] tigt ASAIES
t}. glo]E Ho[ES o]83to] IIFHAX Y
0 milollAl -956 mil& o]&AIZtt. ol Fig. 83} o]
AAE ETEEL -956.5 milolA] S ot
A A g daEEoAE oF 2.7 mile] A}olE 714
™ FZ51A Holal oF 1,800% Fol|of -956 mile] o]
£t} ol TAFHLA7L AE o]Fo FHEEOA
FYTFE|A] A9k7] WEo|H, ol AFEEA R A Aol A

P or BAFHIAE 28T + sl Aol

A

eize
Z



SHArSly|Estel=RA] A23d A1235, 2022

Initial
Alignment

Attitude
Calculation

Error
Covariance
(<0.01deg)

b4

Pure Navigation
Attitude Calculation

Improvement

PSRN . 4 (=
r

[
¥

Kalma 1
Attitude Calculation !

i

1

1

Kalman Filter
Attitude Update

Position
Calculation

Fig. 7. Improved Navigation Algorithm

-952 T

-953 |-

954 |

Heading [mil]

-956 -

-957

I I I I
1200 1400 1600 1800

I
2000 2200

Time [sec]
Fig. 8. Variation of heading output
833 F . : : : ; =
-834
= 835}
©
836
. . . . . .
1200 1400 1600 1800 2000 2200

Time [sec]

Fig. 9. Variation of roll output

842

I E2 0 milolA -835 milz ol SAIAH. o
Fig. 99} @o] 7j4d 59| dalz|Fo] 7|&g wEoh
-834.5 mil A4 PstE L ot Ty AiAd A
o] daEE2 71EE HoluA FE & °F 20023t &
AslA ¥kt Fofof -835.5 milolA HIH.

329 A& 0 miloflAl 919 milZ ol FAIHcE. of
Fig. 103} Zo] 7i4 9] darejFo] V&S =3
919 milollA FHSFHIL Qdrt. 2 il A9 Ltz
S 919.5 milolA FE <F 2003t F435HA Halet
Foflok oF 920.3 milZ HR, of= 7% 2SIt

921 T T T T T

«Q
N
5]
T
\

Pitch [mil]

919 | M‘//v,._-’/"-

1 ! 1

1 1
1200 1400 1600 1800 2000 2200
Time [sec]

Fig. 10. Variation of pitch output

5. A3

£ QoA Aok Y &
V5L SAstel BHFWIAL 2, 1, g9z
U HEARIIREE, AARE)T BYFEA

=21

£ A7l gakste] 9 & sAd 9 AABH.

=
ach
N
=
2o
olk
2
=

48 R gl XA HhEE 29l AldE A
sttt AE vHEEE 15 2HY gHolES ol83h
71 BIZE (0°, 90°, 180°, 270141 43]9] AlE&
Sto] ofelf Table 29F &2 91, &, mA]9] A= 7]
2 WEShe Aol WERe] AR Ve L
gEaaTe] ot 7 AAeare] FaAlELEH(Root
Mean Square)o|tt. 92} &, WA, F4z B 7|
& WSSt

A HHE = ZAREEE 7] et 25 o] E |
olEZ oldst] WAFHFA AAHQ FFE ofH

1
[
R

2 o



Zurge QAFEA] uE A

AX 27174 E1E A

Table 33 22 Z27°=& 133
g, 0], %
oM RIS HHEE A 3E

g g0l ]

o5 A3,
e 29slo] 712E W
A A9

U &, WA, L A2 Z1EAA 0l tiet BatAl
wolth. ofeff Table 49t o] BT 7|&S W52

shelaiait.

Table 2. The results of align repetition test

Items Results (mil) Standards (mil)

Roll 0.008 <05

Pitch 0.012 <05
Heading 0.757 (1.0

Table 3. The criteria of position repetition

No. Roll angle Pitch angle Heading
1 0° 0° 0°
2 15° 15° 30°
3 45° 45° 60°
4 75° 75° 90°
5 90° -75° 120°
6 -90° -45° 150°
7 -75° 15° 180°
8 -45° 0° 210°
9 15° - 240°
10 0° - 270°
11 0° - 300°
12 - - 330°
13 - - 0°

Table 4. The results of position repetition test

Items Results (mil) Standards (mil)

Roll 0.01 (0.5

Pitch 0.005 <05
Heading 0.0017 (1.0
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