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ABSTRACT
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Purpose: The purpose of this study was to propose a sensor fusion algorithm that integrates vehicle motion

sensor(VMS) into the hybrid navigation system.

Methods: How to evaluate the navigation performance was comparison test with the hybrid navigation system

and the sensor fusion method.

Results: The results of this study are as follows. It was found that the effects of the sensor fusion method

and « value estimation were significant. Applying these greatly improves the navigation performance.

Conclusion: For improving the reliability of navigation system, the sensor fusion method shows that the pro-

posed method improves the navigation performance in a combat vehicle.

Key Words: Combat Vehicle, Navigation Technology, INS, GNSS, Sensor Fusion, Kalman Filter

® Received 31 August 2020, 1st revised 5 November 2020, accepted 17 December 2020
t Corresponding Author(hnkim@pusan.ac.kr)
(© 2021, Korean Society for Quality Management

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License

(http://creativecommons.org/licenses/by-nc/3.0)  which permits unrestricted non-Commercial
reproduction in any medium, provided the original work is properly cited.

use,

distribution,

and



2 J Korean Soc Qual Manag Vol. 49, No. 1: 1-15, March 2021

1.4 =

H: ATl = AHE Akelr] S8l B HEAIANS, Inertial Navigation System)& 2Fstal AtH1].
A Aol m ok 7S eA| o] R E o] &sto] FA Y $1A], £ie, AHA| HIolB & AlEshs A=A He

& AEE Aol w ADAE ofet A B HEES FIAA 7 Atk T3 INSE §4 540
Gerotal 9] gl ogk @ikl Ao st FUIAAS] 7 EAQ) FMAI TR o] §Ha JIvH[2]. ey
AZE ARRBRE 739 AR kol o3k gy Aol AR QA7) @Q‘ﬂ SEPA b whet =g 91 A] @ At
(horizontal position error)<} I’.J__I_Z}(Vertlcal error)’} &7Fsk= EA47F 9L 1. o]=lst INS9] whd-& H$s)7]
Al AFAF] Ay e -r]” A 2BI(GNSS, Global Navigation Satellite System)$l GPS(Global
Positioning System) 5# & B2 AAE AREste] Y2E BAGse SFHE 748 3lo] dvzo|tt4].
Tgk &% BA(ZUPT, zero-velocity update)S &3l & Qakg HAsHE WS AREstal ok AFakael
A8E INSE= 9 7 7 S B AEetal o n®E 3 A Qb whE g2 mmjsirhar & 4= QlvH1]
Ak 2f2ES AFgShE Bl AR HY S 9 NS E whaels LxEo] ZAtEE GPSuo g A
gk A ARE WASHE d ofelwo] k. wEbA o]F Heksly] 918 2714 o] 3e A E At AT
(Sensor fusion) 7]=S &3 &Y F A0 AokzAL ZHE] 93t Ay} EHor

-1 gl
A AL JH5,6]. 3 =i AT G855 e HREH ALTANS/GPS)el ME7] Wil 2= of 9)

= 2 2 AF(VMS, Vehicle Motion Sensor)E F7H 0.2 gatste] HdFatae] AAF4S Bt 4 o6
FAshE WS Atett) o]& 98 Znt FE(KF, Kalman filten) & &8¢ ta4lM §3 dag5S 293
ot o] W] ARG The oS del] fla B =Eelde AA 7 A Al T8 oAk AEe] RS
HES = F8A4TA Ads JPslvt

& Thg} Pk A 298 B Asdel T 215, 0gE 8 el date] 2715
A BN ST AL FTAY A 0 ASP, A 44 20 571 9 A9 A

s
Rl

of el 7= 8&‘3} Zﬂ 672 Al 57N A A A&t

g 52 K
2
a1
ol
rlo
i
rlj
el °
_VE

2. AlZ=" 4 o HA” 23 BA

2.1, BgY A2d 74 L 7%

YATHHA| 2B(GPS 4417], GPS St o= A E o] 9t
Aot B L}EMJE} INSE= @A) 9=|o) - T2 9= &
= A &2X Ao| &, TFEEA, AFE LA &
71—333; 3718 W o] Q). Aoz

Z3la, 7MEEAE Assko 2o &
Apol o} FE Ao 43 4 9 ISR ol g} S
Al s FHAAZRE B2 JRE FHoto] Agke] W52t 350l ti AR WG AR INS=

E)
ok
ol
S
rlr

R
Bomje b
o
N
et
=
=
o3
i
9

z 32
rir
n\u
H
)
o
.0



Nam et al. : A Study on the Performance Improvement of Position Estimation using the Multi-Sensor Fusion in a Combat Vehicle 3

27] AATE FAAE A, 7Vl dFE A L wAH) A AAT 5 3= S AU glo] #71AA
ANz 88 A3 7P o ’5}11“& A At A7 oAt FAEEAM HEHom ALtE gho] =e=
E(drift)¥= @4o] A ofed FA s BAFs] 98 GPSE REAAME ARgehs HEdY AlAEE 4

&8kar Sl

GPS Antenna

GPS receiver

Fig. 1. Position of the hybrid navigation system on combat vehicle

2.2. INS H|AE &} 24

Olt

INSE= 3 mea sl A 7% FF A (reference frame)E A FZANS frame)= ARSI, A4 F
¥AE Fig. 29 QO] 194 #FA(body frame)® FAIAT]= 2718E S AXA A7) 714 #4&
(by, by, b oI AEAE sH94 F3E ] T Z9E 2% A (platform frame)zh de}, AP I oA 2pko]
Z7)AA= INSE O]% 3 2 éﬂ% I INS= 354 2848 XT3 458 SHsE R navhs SoAA vt

7}
AR, 7 ZHFE 7+ ¥4 H(misalignment)

Fl

ot 3¢ B Ao A zwa—g A fg

Q) ol NSOl 2ela gk vaiel 49 Lag
%am—% R A BRI yaw) 2 Fig 35} Lol ARATE 349 410
o] Mo FAR F TR 0°F AAA7)L el SAY #28 AGte] TEESI2HE A% o}

, H Eﬂ_‘E] yaw %}:4 7(]'0] o?‘l‘q' 0:17]}\1 eYaw
AFE ZAA #13} #29] A, ANE SAH #13% #29] BARE on] ). 1g]

N
kel
>
=
>
i
L
i
o
2
=
S,
L
=3
3
jmy
i

T

HHN'
rir
>
n
B
ol
Kt
2
ol
o
©
N

=
NCD
rlr
N
bl
i
[N
N
m
H
[N}

0y, =90 —tan '(—=)—0, (1)



4 J Korean Soc Qual Manag Vol. 49, No. 1: 1—15, March 2021

— INS Frame

-> Housing Frame

Fig 2. Frames of combat vehicle and Correction of INS misalignment

A North
Geodetic point #2
@
— &: T—
You
\ I
¥ 8 -
Geodetic point #1 AE East

Fig. 3. Measurement of Yaw value

3. B3lgh A 8 JSEA A}

o
oE

2774

52 Bk S8 ARAAN BEGY A29S GAsel 284 AT

(KDS 2350-4003)¢ll whe} 10)2 A2t Fig. 13} o] AFatke] INS9} GPSE 247} A slo]
o 452 BB o714 INSS) A5 AzHel 27198 o] Heh AYHBE 45 A

A nAe S,

pud

o Hl
Jos o
=l
=2
o

o

&

09{;

r

&

>,

2

e

oz rlo

R

ox
o noy nE I
o
[

>~

o
1912 Table 1, 29+ #o] % 107H4 35S Faakgith. ¢1714 Table 1 INSSF B2AMA Q) GPSe] A%-1]9
TEl% AFolw] Table 2 558 144 BANA ATAF 4875 B9 @ %

$ATY N BATH GPS AENE 5 9714 FRIN FALTEAS FZaAT AT GPS 9% F ¢

3} FARAARNA FA0A 229} TR gol 247} 0.66%DT, 0.56%DTE FALTEAL FHeA

oX,
it
oX,
off
o
kJ
il

m S off
Ho

>

ok



Nam et al : A Study on the Performance Improvement of Position Estimation using the Multi-Sensor Fusion in a Combat Vehicle 5

23t} Table 1914 CEPso, PEsp, DT(distance travel; 3 A2]) & A~ =2 AN EE T35} Yl A
SHTHIL. o714 ¥ HA 502 BESES onldth A F9L F29](Random) FEIE SR8 14
= Add Yol 7Rl AR VIS Ee ¥tk webx kool Ads2 CEP(Circular Error
Probability)$} PE(Probable Error)& 7]&20.2 #7151 CEPs), PEsoe A8 ME(Sample)dl] tdt 9.xpe] A
BEE gt

k)

Table 1. Results of navigation performance(combat vehicle test #1)

Classification Horizontal position error Vertical error
GPS interlocking 5.74m CEP5 0.67m PEs
GPS non-interlocking 0.78% DT 0.20% DT
GPS interlock-cutoff 0.66% DT 0.14% DT

Table 2. Results of navigation performance(combat vehicle test #2)

Classification Horizontal position error Vertical error
Irregularities 0.28% DT 0.14% DT
Acceleration 0.29% DT 0.13% DT
Longitudinal slope 0.15% DT 0.06% DT
Transverse slope 0.32% DT 0.04% DT
Pivot steering 0.29% DT 0.15% DT
Quick braking and start 0.64% DT 0.29% DT
Reverse driving 0.80% DT 0.56% DT
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Table 3. Comparison of navigation performance(GPS interlock—cutoff test)

Classification Horizontal position error Vertical error

Hybrid navigation system 0.66% DT 0.14% DT

Sensor fusion method 0.29% DT 0.13% DT
Improvement rate 56% 1 % 1

Table 4. Comparison of navigation performance(Backward driving test)

Classification Horizontal position error Vertical error
Hybrid navigation system 0.80% DT 0.56% DT
Sensor fusion method 0.33% DT 0.14% DT
Improvement rate 58% 1 75% 1
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