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[Abstract]

Global navigation satellite systems (GNSS) is operating widely in civil and military area. GNSS signals, however, can be easily
interfered because its signal is vulnerable to jamming. Thus, a sort of backup or alternative system is needed in order that the
navigation performance is assured to a certain degree in case of GNSS jamming. In order to suggest a series of backup or
alternative system of regional navigation, in this paper, we introduced a high altitude long endurance unmanned aerial vehicle
(HALE UAV) with pseudolites using inverted GPS and transceiver system. We simulated the positioning error of the regional
navigation system using HALE UAV with inverted GPS or transceivers concepts. We estimated the position error of HALE UAV
calculate user position errors based on the position error of HALE UAV and general pseudorange error.
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O 1. HALE UAV & 5} 7S [4]
Fig. 1. Altitude change concept of HALE UAV [4].
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Fig. 2. Altitude profile of HALE UAV (24 hours).
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Fig. 4. The trajectory of HALE UAV.

T2 (DA Vuave LILE A7) AE 521719 S5 Vi
VT A7 x5, yHollA o] 455 UERdit y= 7e17 H
heading=, = 21719] bank angle s, g= 53714525 Ut}
Wit} sd 58l Rl o= steady banked A13]7} 2] ¥ 9]
o, 8-57]9] bank Angle> 10522 A 3H3FATE 3k #4124 A
A A FR7EAT AR Al ABE AMESte] ASA] vls
(B A1 6rs, B3t HE Imvs)S L3l o) & niEe.
2 g 3% G7|AE 91710 AR 1l 490 ko, AR
ARSIk BRI AlE e o) do] =8 H At

I, CHHIZE tTRlE U AIAE 7Y
3-1 CHAIEHH A|AH ¢0a|E 2 HRIFEE Al

2 =itoll A 2re)= gAY 2are)s-S A7 inverted GPS
(IGPS) W7} EFAIY W] o 2 1o 2Lt Inverted GPS W
1S Raquet’} 220 Aokt HhH O & [6], o]n] &l Sl
A ] 7IET BRE gl FHH SR x99 91|
& FAshs Wolth. 19 5% inverted GPS 7 E2A 2]
A, FUdAH == (CC; computing center), 2177155 (RS;
reference station)2] ¥ & 7Fehs] A sle] o,

Mobile Pseudolite

Reference Station

J8 5. Inverted GPS 7HE =
Fig. 5. Concept of inverted GPS.

YIS 77| 2f 2fAtel o/ ERAIH

ﬂJ\ﬂJ

283 A& Ofx| gl et of

oy

=, A RIACIA A7 e R IR E EEst
7| g wAAE TA gl AESHA wa &
A= 7|EF o NE e mAXE Agste] oAty
AHE At 2 FA4 5 == Aotk B =Tl s Fely
ArAA S ke A2 A7 E 851 IGPS |
ol WA, Felrlel i 42a17] = 3%0}04 21717 = gy
ABE Falste] ZAHXE F7) ALESHE enhanced IGPS
(EIGPS) W& F7h= Al e o] 8ol
3SR AL 24 ()3 2o, EIGPS©l| thek
SAA| A AL FA ) F17] k] SR 2 (3)
o] 7t} Al E# o] A Aol 71F ] A (reference clock)7}
AThar 7Hgsal Al E# o] A& X sA . of g2l 2o A
Phs, & AR, drs, & AAAR, Brs, & 7155 42207] A4
QAL b' 2 HALE UAVel F2He 2Ake)A o] 547 A0 A=

2

o2

ol N
rZ F ox

]I

o),
Phs, = Bus, +€rs, - Res, =[exs —1][R.1)

« J J % « b (2)

pi=le, -1 - 1R b R B )

EdAE ERaTE L gaHe] olR tE ASE

TN ET BA ZAY AFTE WET 42 9l & o]u:]
Zlo] 218 AT E WA 05 G741 7] Ftel Al vl Ele]
7}%}%?@4 B\ E%’\]HV}'&JO]H Neohisos
W= AR Ao o] A (D= A S = A7), o
714 P i) ERAI o)A 2] ja] EdA el A ke o]a}
AR ZA, £ L idA) ERAHeA YRH oz A
A7) Aple) A5, df e paslel iR ERAE 7he) Az, B &
E @AW oA F=417] B0) Al 94, b & Ewhﬂoﬂﬁ &
A7) Fo) AlAIQAL, €p & AAR F783] S

pl=d!+B -b'+s,, @)
p=B-b+z, )

=d;+B,-b'+¢, (6)
pl=B —b +c, )

A7) A 2 ARE A ERAElelA ulRA 0 2 Al
ARS] S A AR B HEE W 0
Bgho A A7 A 54 (8)9 o] ek 4 9)

pl=pl-p/=d/ -(b'-b)+¢,,~¢, 8)
gk 2] @) frAketAl Al EdAeA 9 5
AAE UEtid oo 43 2ok

www.koni.or.kr



J. Adv. Navig. Technol. 19(6): 499-506, Dec. 2015

O :dj' - _bj)+‘9pv' T

©

o] A QAFES 424 (8)F (95 2EFoRA AAL

% glom, ol 71 AAZH Baghe-S oIS thee] 54
(103} (1= AT = Qlh FR17]9f A d=o] ErE

B Az 918 A9 7 EUAY Aol EAHRE A
3] vk A o 2 VR 424 (12)= 5% ¢ glom HAaA
ol ofsf FR17]e] ERAM A5 =4S 4= A #
pi+p di+ ) =&y + Epji — Epi)
2 / 2 (10)
d} =e/-(R'-R) )
Pis P 4 e
3 s+ Ras
) s 0 0 0 g
Prs, tP; ; :
- s, R, ) 2
2 4“) 0 0 0 e O 0 R:
A th - ,-e]z ¢ 0 0 0 R
2 . :
: ' R
I 0 0 —¢/ 0.0 ¢ 0
P+ . :
5 : ’ r
: 0 0 0 —-e, e, (12)
A+ pr

ol A= 1719 A= Abel o] Al E 918l bzt
S 5= 713kgle B3 IGPS, EIGPS, EWAIH 2a1g]5S
HIE o 2 ¥ 13} -2 UERE (user equivalent range error)2] 71|
dE& A8ate [8], 2 (13), (14)9F 2Fo] 79171 B AREAL 9]

217485 F433ith FHals HALE UAV«] AT LET} A
S sHto)7] wiol - dhAIEE Al="eA = HEls A
a7k glom, F-R171F A7y 717 wiiel] 791713k o
= AA At 719 gl Ho] dHAds 3del mfol d A

Itk

O:(m

(Position Accuracy) g yay = (DOP) a1 yay X Sysge

_ 2 2
Suser = (DOP) yggp X/ Chare vav + Overe

E 1. AlE2olMoll AFEE UERE [8]
Table 1. UERE for simulations [8].

(13)

(14)

Error source Between UAVs Ground user/RS
Receiver noise 0.2m 0.2m
Tropospheric delay 0.0m 0.5m
lonospheric delay 0.0m 0.0m
Multipath 0.1m 0.9m
Other error 0.4 m 0.4m
UERE 0.46 m 1.12m
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