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Abstract

In the paper, we predict the number of multi-GNSS satellites and visible satellites with the navigation satellite
launch plans and their nominal orbit parameters. Based on the methodology, the multi-GNSS navigation
performance and DOP (Dilution of Precision) variation from 2015 to 2020 were forecasted by the Matlab
simulation. To calculate the position using the multi-GNSS constellation, we determined the time-offset between
the two different systems. Two different algorithms were considered for the sake of time-offset determination;
that of each was applied to system level and user side. Also, the results from two algorithms were compared for
evaluating each performance. For the reality, we applied the 3D map information to the simulation, which is
expected to contribute for predicting the future navigation performance in urban canyon.
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Fig. 1. Concept of understanding sky-interface
(Left : Making simply process, Right : 2D-map
(Gangnam-gu of Seoul)) (Seok et al., 2014)
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95} tH(The United States Coast Guard Navigation Center,
2015; Federal Space Agency, 2015; BeiDou Navigation
Satellite System, 2015; Japan Aerospace Exploration Agency,
2015; European GNSS Service Centre, 2015; Indian Space
Research Organisation, 2015).
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Elj : Elevation angle of buildings
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User Position

—— — - 1

I

Ele/Azi Angle of
Building Calculation

Ele/Azi Angle of
Satellite Calculation

“ Comparison
v

Eq ¥ (1 ) No
Simultaneous -
Satisfaction
YES

Invisible Visible
Satellits Satellite

|

Graphing on the map

Fig. 3. Concept of visible satellite decision
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Table 1. Assumption of GNSS launch plan (Seok et al., 2015)

GPS GLONASS BeiDou Galileo QZSS IRNSS Total

2015 | Current | 31 24 14(16) 4 1 4 78

2016 lNeW 2 10 1 3 104
aunch

2017 lNew 4 2 116
aunch

2018 New 2 4 127
launch

2020 | New 2 g 137
launch
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Valid epochs,,, ) 100 @
<

VIS24h,, (%) = (m

where

Valid epoch,, : The number of valid epochs which satisfy
the cp requirement ( No. of wvisible sv > 4 )

Total epochs : Total number of epochs(=289)
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where Valie epoch,,, : The number of valid epochs which
satisfy the pp requirements ( No. of visible sv = No. of

systems constituting GNSSs + 3)
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Table 2. Navigation performance of GPS & 6-Constellations (2015)

GPS 6-Constellations
HDOP #of SV VIS24h HDOP # of SV VIS24h
Coarse 3.22 95.7
13.2 3.80 8.52 I —
Precise 5.74 86.2
Fig. 5= 7F A1 o] A HolH9] 615 % ZO7HsAIZE 89 BRE sk 20164, AAL) 29, 4 2] el
o] vlg Exoln 11 F XA AT T A oAle] A Al <t HDOP 712 717} 1.43, 3.50]H, o] fqi Eéi*}ﬂﬂl

I ghe A 0] Aol YERHSITE Table 201 FAJRE Bl Zro]
2015 GPS TH5-5-9] =3 A] &1 K| of|A] 317 Bt 56%2]
A|7HEot 2 9] 23o] 7Fssh ) EA FARA ] 01 x| So]| 4]
L A 2| o] Aulo)| & u| x| R] Foh= 312 = 20%2] A
ol oz AA o] 7155l wjEo| oF42Q] GPSHHES)
ol oA FE & 4 AUtk 67119] Ala" o 2 FHRH
5w, AALF 29 A] 312 Bt 95.7%, LAY =
] 86.2%9] AJ7HEQF 91x] ARo| 7}s3to 2 A THEA]
o] A FATEL Bl 4= vk ZAFAA A= 1
Z ANF 29 794%, THY 2] 52.2%2) AZHEE 53
7Heeko] ElEglaL XW"J =9 S HlawA QAo

=

Ny
4> 4 of
o2 ot

_11N

[e]

4o e 2

>~
o

(1) HDOP

Annual Prediction of HDOP (2015 ~ 2020)

mGoarse ALL Point
mGoarse POSCO

1 wPrecise ALL Point
1321 mPrecise POSCO

388
143 134 138
III “‘Il NGIII .“.

2015 2’]1 6 2017 2018 2020

Fig. 6. Annual prediction of HDOP (2015 ~ 2020)

Table 18 7271 2 el 25k 67] A% B 9HaPy ool 4] ol
¥ HDOP A% 0] o] 712 Fig. 63} 2tk IRNSS7} FOC

o4 e] HDOP 312 247+ 2.95, 13.210]ck ¢}
o] HDOP Zfo] AF24=2 QA AS = Hho] O =5k 9]
uls }Ui EoAAI QAL 1Y 291 3 A 2

gXI‘ﬁOM
L %Eﬂ i fé% EM?‘;} 5 ‘Rl%tﬂ, o] FOCo| &
Gelol|l = EskaL, Q1% ] 2| AR A 2|11 IRNSS 7} gk
T Aol A= Aol 2|3 W2 Jzto| A AEEY]
o[t} QZSSe] FOC oAl AER] 20170 = AALeF 9],
48 9] 49 A| B HDOP glo] Z}7} 1.11, 2.140]c}, 22~
FAA 2o A2] HDOP g2 72k 2.77, 6.580] 11, 20164
|, 28 9] 423 A oF 40% F= YA} Ak
&3 4= Sk o] QZSS7} thE A A T B
o], 70E~90E2] =& F7HS 71211, GPSQ} £2l5t
12t A 2glE ARgalA] 5 Heo] w2 AT ARAZ] o) 4]
L 7SI L 2 ARRE7] i izé‘é_ 9] 53 A9
2918 = T F27E A3 4= 917 W Folth BeiDou7t
FOCo| =28 210 2 o A== 20180l AN} 591, 114
I 591 =38 A| ot HDOP 212 717+ 0.98, 1.90]m], o] uf 32
2 5AFAR] Aol 4] HDOP g2 77} 1.67, 4912 |53
2= 9Jt}. BeiDou= 2014y 0| S HE] 2| A A Aol 4] &
Z| A SFHA A" O 7 sukelekS HSksEo) a1, T3t 6729)
Al S 7 2 91442 2-8-517] Wil 2017 oy, 2
2FAAR A ™ Z9] 38 Al oF 50% H= 9127k
L7t RS Al 5 St Ao 2 670) BE
Al2Hlo] FOCe| =23t ejd 2o & @l**ﬂL 20204, 2|
TH o2 ZHIFHA AHE- = 1377]0]t}. o]
o] HDOP 12 AAF 9], 244 %H YA Z¥7) 0.88,
1.380|0 A A} E]ofA|2] HDOP 312 Z+7) 1.34, 3.882.
2 A SE) AFAAR oA AAY, 28E E915 7
3w} 201537} ¥ W5HH HDOP b4 312 742+ 2.76, 11.78 2
AP 9] =38 Al oF 32%, W 9] =38 A] oF 24% 4
T YA S BY Ao R ofl At

T

0]

[o

S
[o

™
f}s}i
Z

>~ [

Y

N

i
rr
ofj
:19
o_>i:



Annual Prediction of Multi-GNSS Navigation Performance in Urban Canyon

(2) 7tAIE ==(# of SV)

Annual Prediction of # of SV (2015 ~ 2020)

o 1210
16 /
[T T

2015 2016 2017 2018 2020
~e=All Point =e=POSCO

Fig. 7. Annual prediction of number of visible satellites
(2015 ~ 2020)

7RISV 4:9] Wish 9pAF ATHE 919 Fig. T3} 2tk 2016
W B 7191 S A A1 129270, E 23k 8.047)
oJu], 2017dlel1= A Aol H B AT, E23AAe]
A9.007¢] 71419140] BhaEl AQkE o] 28 4 Ik 2018
ol 2 Ao} 15567, EzApARloIA] 9827)] 7
So] kgl Zo.2 aAgEl, A BHolHo] 283 64
YA 2r0] BE FOCO] g A0 2 ol 4] 202019
£ A A B 11, EA AR 109374 741910
shug 70 2 ol Afsich 9b Qe Hlek o] 67He) Al

o] BE BE7Hs B A9, H 97] o)pe] 7hHgIA] B
sofof WA £9] 43 4| 9 AR 7Hsed] mAmAL
AR Al Shas g e o] sie R

AR A2 2 Flgol| whet sk Aol Hef YAl A
ApoF, 1AW 29] S3jo] 7}5E Ao g oAbEr)

SAIZEHIZ(VIS24h)

(3) 3t & =97

Annual Prediction of VIS24h(%) (2015 ~ 2020)

%6 907 %99
2 = . LN —
BE G 5

—

~e-Coarse ALL Point

arse POSCO
Precise ALL Point

522 ~e-Precise POSCO

50
2015 2016 2017 2018 2020

Fig. 8. Annual prediction of VIS24h(%) (2015 ~ 2020)

67]¢] FHAAH R 3 3 Al BFE F S971
FAIZEHIEY] A Fol= 919] Fig. 81} Zth 20160 =
A Ao A MALE 9, 19U S| 9 Al Bk F 2
99.2%, 93% =97} 7Hs8l, EATAAE] Ao A=zt
7} 3L 5 94.7%, 70.8%2] A 7HE <t Z$9171 7Hsstet 2017
doll MAbeF 29, 8 9] =3 A] 317 5 22} 99.6%,
98%2] A|7H=<k A A oA Qx|AA] 7t5dh ZAFA
AAE] A A= Z2F 96.6%, 80.4%2] A|ZHEQ) 912 A A
o] 7hs3ttt 2018 A= A A Hol|A] 3HF ZF 72 99.7%,
97.2%2] AZHEF AALE, Y &9 ool 7Hssh o
o) ZEAFAAR] A4 S] Z7FsATEe] Bl 77t
98%, 84.8%0]c}. np|ulo 2 mE g x| AElo] FOCY| =
ool F 137719] $14d0] 82 A0 & ol A= 202092]
739, A Aol A] BFF Ht 99.9%, 98.6% AL, 1 =
9] 2xgo] 7155l EATAAE] A AE 99.3%, 91.9%
o] A7HEet SR A o] 7He oS EHRlIE 4= Qo A FAL
Azl Ao A 8+ F 90% o] AlRkEst 14E &4
F3o] 7Hee Ao R oA whek 20200 = RS
Ao A, ThEE-2] AZHERE QP A1 AALY, AT ¢

F3ljo] 7Ha ek A0 = o

BRI

4

58 B

=5 Vworld?] 32} A= AH =2
ofzta} vk zFe = 235ha1, £]49]
914 7hA e AlEElolA sheich
9] Hr} 67l1Q] BPHA|AE O 2 B3]
DOP 4% % $IX|HEHE 7} Folx) 11, 7}A]
o] i Els| 312 5 ZPHEATe] ] go] F
=0 ]E'. pj_o 6]—/\ oloh:]-

Aol A Z8YgE v} 9l A
el A2 e
5

=
ol Aot8
F4) =% 27} 00 2

o rj
i
ol fn
29
IS
1o
o
nﬂé ‘Em“
=
Hﬂ

o2
iy
oL ol

)
]
f
o &
- 4°
2 N
e =
wv o
rﬂ-
Jl)v

40 o%
ox ok
> o o

S

o oz

i &H—' ]

, =

[‘Il‘ -1
2

¢

N
)

ol
S

(e
I rlr

)
>
oo 1
_|>~_l,
M
@
B

°1H

et
osl;

ks
[o
]
T,

)

N r

E

lm

H

i

i) 08.
e so O
Hr 22

2 &2

of

2
[
12 lo of ¢

o

e
H1
o

v}
[0 Hu gt do
g
op

o ME
ox
i o T lr 0

o
L o
o
o oX
>
[>
i)
N
i1t
>

N o>
N
T
o
v
B ot
tl I
2
\lﬂ
~
el
_'L
il
ofN
op N

o
it
~N
=
i
v}

O
AN
(¢}
N
N

m[; ol

> o

% i)
=)

PSSO R

e go
9

v
e



Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography, Vol. 34, No. 1, 71-78, 2016

AL =

2 AT FEDFR FEDE|EEAATAYS AT
1] 2 2J(15CTAP-C097385-01)0]] 28] =3 =] <51 ch

References

BeiDou Navigation Satellite System (2015), BeiDou
navigation stellite system, Navigation Center, China,
http://en.beidou.gov.cn/index.html (last date accessed: 16
December 2015).

European GNSS Service Centre (2015), European global
navigation satellite systems agency, GNSS Service Centre,
Spain, http://www.gsc-europa.eu/ (last date accessed: 16
December 2015).

Federal Space Agency (2015), Information-analytical centre,
Information-analytical Centre, Korolyov, https://www.
glonass-iac.ru/en/ (last date accessed: 16 December 2015).

Glen, G. (2014), Ghina plans to complete beidou ahead of
schedule, Inside GNSS, Oregon, http://www.insidegnss.
com/node/4040 (last date accessed: 15 December 2015).

Ha, J. and Chun, S. (2010), Current status and development
plan of global navigation satellite system, Current
Industrial and Technological Trends in Aerospace, Vol. 8,
No. 2, pp. 46-53. (in Korean with English abstract)

Heo, M. (2014), GNSS build international situation and our
correspondence - we need to build independent satellite
navigation system, The science & Technology, Vol. 536,
No. 1, pp. 52-56. (in Korean)

ISRO (2015), Indian space research organisation, Satellite
Navigation Programme, India, http://isro.gov.in/ (last date
accessed: 16 December 2015).

Joo, J., Cho, J., and Heo, M. (2012), Analysis of GPS-Galileo
time offset effects on positioning, The Journal of the
Korean Institute of Communication Sciences(KICS), Vol.
37,No. 12, pp. 1310-1317. (in Korean with English abstract)

JAXA (2015), Japan aerospace exploration agency, Satellites
and Spacecraft, Japan, http:/global.jaxa.jp/ (last date
accessed: 16 December 2015).

Murai, Y. (2014), Project overview: Quasi-zenith satellite

system, Proceedings of the 27th International Technical
Meeting of The Satellite Division of the Institute of
Navigation (ION GNSS+ 2014), 8-12 September, Tampa,
Florida, USA, Vol. 27, pp. 2974-3008.

Reshetnev, M.F. (2013), Prospects for status and development
of GLONASS system space complex, /CG Annual
Meeting, United Nations Office for Outer Space Affairs,
9-14 November, Dubai, UAE, unpaginated CD-ROM.
Satellite on the Net (2015), Information on all aspects of
the commercial exploitation of space, Satellite on the Net,
Nairn, http://www.satelliteonthenet.co.uk/index.php/ (last
date accessed: 25 November 2015).

Seok, H., Lim, C., Yoon, D., and Park, B. (2014), Annual
prediction of multi-GNSS navigation performance in
urban canyon, Proceedings of ISGNSS 2014 in Conjunction
with KGS Conference, The Korean GNSS Society, 21-24
October, Jeju, Korea, unpaginated CD-ROM.

Seok, H., Yoon, D., Lim, C., Park, B., Seo, S., and Park, J.
(2015), Study on GNSS constellation combination to
improve the current and future multi-GNSS navigation
performance, Journal of Positioning, Navigation, and
Timing, Vol. 4, No. 2, pp 43-55.

Spaceflight Now (2015), Launch schedule, Spacelight Now,
USA, http://www.spaceflightnow.com/ (last date accessed:
25 November 2015).

United States Coast Guard Navigation Center (2015), GPS
nanus, almanacs, & ops advisories, Navigation center,
Alexandria, http:/navcen.uscg.gov/ (last date accessed: 10
November 2015).

Vworld (2015), Information open platform, Vworld, Sejong
Metropolitan Autonomous City, http:/www.vworld.kr/
po_main.do/ (last date accessed: 13 November 2015).

Yoo, K., Kang, T., Sung, S., Lee, E., Jeong, S., Sin, C.,
Lee. S., and Lee, Y. (2007), Analysis of 3D GIS-based
GNSS visibility at urban area, The Korean Society for
Aeronautical and Space Sciences, Vol. 35, No. 12, pp.
1095-1100. (in Korean with English abstract)



