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ABSTRACT

In this paper, Zero velocity UPdaTe (ZUPT) is implemented on the navigation system of Remotely Piloted Aircraft for GNSS
denied environment. RPA’s navigation system suffers from lack or loss of satellite signal while maintenance or ground test
inside a hangar. Although some of the hangars install GPS repeaters for indoor tests, the anti-jamming equipment with array
antenna blocks the repeater signal regarding them as hostile jamming signal. With ZUPT, an aircraft navigation system can be
tested free from the divergence of navigation solution without line-of-sight satellites. The designed ZUPT aided centralized
Kalman Filter is implemented on the Embedded GPS&INS and simulated with Captive Flight Test data. The simulation result

shows stable navigation solution without GNSS updates.
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1. INTRODUCTION

Az ZE Folgy 7] (Remotely Piloted Aircraft)o]] EFzjx]
= E3sHHA] (Embedded GPS & INS)+= ¥4I SHH (Inertial
Navigation System)¥} 9JAJ3&}5] (Global Navigation Satellite
System)& A3t} vl o] Fagh 9], £ &, 2] AH
A gshe Auloleh, TAPHOIL AR elol= st 7]
g AR olu A2, S8 22 AT S o8t 4
diary Hhalo] ek, AR Aol Jhssht ael
(navigation solution)7} A|7tef] wha} WhAkSH= HAJSHH L 91%]
27 AT LS AeHe WAlo] Hol ALgETh &

B Slaael A9 A SR RE SAsHE oi AT

ju

(Pseudo Range)e] ©Js) $1x17} AR =l me ofelefAer el
Rt ) A GB1E A% 9T R DS A Ad
HellAl A 217k P4 94
thek 7HAl4 Skt B }%s}zz SRR 41710 oJ3k by
12 92 4 glon BPPURAL BAFU SU3tch A4
A7 ARko] oA 45 A sl Ty o] o3 Wi
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Jamming Equipment)E &}
AHFEof o5t Wkl njF Y (m
23 A 17} 2l wlele] S
7FEs5la A5 E 2pdel vel= A
e & VHFE4], #lolH, 9]
H] ¢} B o] &AJEH 215of o
S v glewn (ICAO 2019), HESHEUE o]-8-5to]
g o2 FH5H= 7% STt (Appel et al. 2019).
&5 BHA(ZUPT, Zero Velocity Update)= 1427
o RAPLOE, AN} RS B B3k
o A 2201 Fol3tE o BIANZ R =
94 _‘.ﬂ_ A (Groves 2013)0.2 _‘,ﬂ_ogx} THAJEH
LH Froll ol 8= tHCho et al.
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Fig. 1. Satellite navigation characteristics of AJE and normal system. (a)
Number of satellites, (b) GNSS PDOP
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Fig. 2. GNSS receiver solutions with anti-amming equipment and normal
antenna.
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Fig. 3. Embedded GPS & INS auto-selection of aiding sensor for Kalman
filter.

A D AYAA L ) ATEolH G +471E A
t} Novatelx}e] OEM6157}F A &5 9itt Fig. 18 F AR
7} AY Yol|A GPS glaje]2HE] 4:215F 9JA] 42} Position
Dilution of Precision (PDOP)o]|T}.

&Hk reflLH(Normal ant)E 2R A= LA
o] 9174 Sk} PDOPS Aok v, vl Qe 2 )
YA (Anti-Jam)7} 288 A9 914 APF 48] W

ohUjet $hag §71ol Fask 24 14 4ol chekZm PDOP
o] A4t Aol TETh. SFRPEA o A 917 24X
= AT Ao} Ak, BATAAT A8 A
SlEfel] olgk S4B R AABI] e AR ghadel o
) E] 430) 913 2 17HUAIRICHEFig. 2.

Y 0X7t AR S olio] Hol T AHg =
7% BHESIA] 28R 4 Fig. 30} 2ol SHTHE AR
OF3 TR 0.2 AV PAafo] AT TATHe] g
SHEaRY ARkl AoAAW 91X HL A LAY S5 OHE Q)
i Fig. 49} o] 9117} 715k 41 0.2 whatslo] A H A

3. ZERO VELOCITY UPDATE WITH
CENTRALIZED KALMAN FILTER
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Fig. 4. Embedded GPS & INS position errors with anti-jamming equipment
and normal antenna. (a) Latitude, (b) Longitude
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Fig. 5. Indirect feedback centralized Kalman filter /w variable aiding
updates.

Salychev (2004)2} Shin et al. (2015)2FE] £1%], &%, AFAof|

theh g e b g Al A 3~5)& 7+ 4 Qlth

p — Svn
o0 = R+h
Ya_ VE Svg
64 = (R+h) cos ¢ tan ¢ 6¢ + (R+h) cos ¢ (3)
§h = vy
6vg = ay®Py — ayPy + %tand) Svg + (2!) sing + %tan qb) Svy
+ (2!) cos ¢ + %lsec2 ¢) vy 8P + Sag
vy = ay®p —agPy — 2 (!l sing + %tan ¢) Svg )
- (2.(2 cos ¢ + %sec2 ¢) vpSp + Say
vy = ag®Py — ayPp +2 (R]%+ 0 cos ¢) Svg
+2%6v,\, —2vgsing 8¢ + Say
b, = — L
bp = —wyPy + wydy — 22— 5
by = —wy Py + wpdy + 2k — 2 sin 6 — 5fy
5)
by = s (
Py = —wpPy + wyPg + RMtanqb
PE soc? _
+ (!2 cos ¢ + e Sec ¢) 8¢ — 8By

o1714 RE FHOR TPHTE AT U, aguus Segn 2 OBy,
oo 27 BUEOR A TSR, HEEA Hlolol A, 7}
ol 2 wholols, eI AEE w,=[-2] wy=|noss+ 2],

2
wy=[asing + 242¢] 2= 2] 2R ZH ol

R+4
A G-5)9 B ox YA 2RY 3PP 2e Ty
el T

2o 2% GulolE F ARRHA, B ko19) Aeio] 9
t}

24 AR Qo] =S St ukgee] 24 #Y HE Al ()
o} 7t

H= [I3><3 03><12] (7)

Groves (2013)2 F71A] Q&= AU S A=, A7}
3 Micro Electro Mechanical Systems 3HJAIALE o] 53} A 2| &

http://www.ipnt.or.kr



128 JPNT 9(2), 125-129 (2020)

HHEohs 49 S5 QAR BAtehs RS, AR HA A
7t R == A olls MLlE Bk S AR 3
718 A S AT A S fAEER S S
Al (8)3h o] B AlZF Al tiH] f12] 9] Mgk eab® HA
S5 o3t
T
zk—[cp - ¢, )\k—)\o hk—ho] (8)

o171 04, Ay, byt 217 I B Y A S, AE,
£ oulge.

4. EXPERIMENTAL RESULT
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Fig. 6. Applied aiding for centralized Kalman filter.

0 5 10 15 20 25 30
1000 T T T — T T T T T T T T T
| | ——ZUPT
—— INS only

500 E
- - —Flight Data

Latitudinal Distance [m]

B0 N TR U U R RU S B
400 3

N
o
o
T
1

\

Longitudinal Distance [m]

200 o ooy o o
200 —

150 - B

100 4

Altitude[m]

5ol | ]

0 1 L 1 PR I R R 1 N 1

0 5 10 15 20 25 30
Elapsed Time [min]

@)
Fig. 7. Simulation results. (a) Position, (b) Velocity
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Table 1. Maximum navigation error of simulated ground test.

Position error[m)] Velocity error[m/s]
Lat.Err. Lon.Err. AltErr. VnErr. VeErr. VdErr.
ZUPT 3.02 4.02 3.99 0.1 0.13 0.11
INS only 393.95 624.49 168.52 1.19 1.86 0.31
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5. CONCLUSIONS
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