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ABSTRACT

GIS(Geographic Information System) based Positioning technique uses geographic information to predict which
satellites are visible or invisible. GPS positioning has poor positioning accuracy in dense urban area where tall
buildings block the satellite signals. In this paper, we proposed GIS based Advanced Positioning technique of
Mobile GPS to resolve this problem. Particularly, this technique improves positioning accuracy in dense urban
area. It is consist of ephemeris and GIS server. We will inversely estimate pseudorange by using NMEA-0183

output data of mobile GPS. After that, we can find more accurate position by using ephemeris and GIS

information.
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Table 1. NMEA-0183 Output Messages
Output
Uy Description Example
Type
$GPGGA,161229.487,
. . 3723.2475,N,12158.34
GGA Time, Location. 16.W.1,07,1.0.9.0,M,...
0000%18
Latit 1 it
a ;Jidce tiﬁlr;gloﬁde’ $GPGLL,3723.2475N,
GLL ition fi d 12158.3416,W,161229.
position fix ang 187.A A%
status
GPS receiver
S‘;‘:;rﬁi;’;gu;zgdi’l $GPGSA,A,3,07,02,26
GSA .. ,27,09,04,15.,,,,,,1.8,1.0
the position 15433
solution, and DOP >
values
The number of
GPS satellites in $GPGSV,2,1,07,07,79,
GSV view satellite ID 048,42,02,51,062,43,2
numbers, elevation, | 6,36,256,42,27,27,138,
azimuth, and SNR 42*71
values
C d
VIG | infommaion s | SCPVTGI062T,
,M,0.13,N,0.2,K,A*23
to the ground.
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I~ " GPS Algorithm in Mobile chipset |
e e (WLS LSQ NLSQ KPetc)
L
API

| A-GPS | v

| Server MIMEA

I T
h . GGA (Position), GSV (PRN,

Ephemeris Elevation, Azimuth, SMR)

< e

1 Pseudorange Inverse Estimation -:

Lr

iy}

[ Final estimated position ]

12 2. Ajkehs darelEe] BE clelo]ad
Fig. 2. Block Diagram of Proposed algorithm

GPS, GLONASS BeiDous H|53F GNSS(Glabal
Navigation Satellite System) -3+ ojjz} sy $14
#E=A B (Ephemeris & Almanac)E 7] ¢
A-GPS AB], GIS AR-E 7] 913} GIS A& 2
2
AAAQ dye]=
WA B-2-2 94 melel GPSel vl

FE5 A %i‘ﬁ Fig. 2¢] A
= A el s

2263

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-11 Vol.40 No.11

=91 2 Az EY A3AEE v|E3l] 7l
A7 (Weighted Least Square, WLS), Z3HZE]
(Kalman Filter, KF)¢} 22 54 93] 34 duels
= 53 &9 A3 A4S viehdch

olF Fallxl =9 H AIse] APIE
NMEA-0183 ZREZ ez Z3Ho] Hu, o]y &
51 752 9130 18 ] S142) %52 ol gl
A-GPS AME F3l 3 1A AR AR E Al
A B, ol olasjo] Sapel of 24 otvel
2o ol 2 S oPbe, WAL Az
= o L J

hu

o

O

o = 61__

Eog ZE GIS ARE o83l sl
tlole] g=Fo] vi-g- F Wk ohz} QAT =0
A|BE, GIS AHel|A NMEAZE 3% $)X&
7|22 ik 200m HHE o2l GIS AR ARS- W}
9} GIS AR 7|8 x| wA] otye]ZS Sash, 3
THOE o5 T3l 7159 mned GPs 5] Ann
o} kel 93] A E AlTSHAl shAlEch

2.2 SMAHR| o FH LnE|lF

ARl o A daElEs Aot Al
NMEATHS- o]83lo] odoa sk oW oA g,
HAFAZY, ADAZE 55 54 B8k dae]ge]
o} g ARRkE o]&slo] 8] wlitel & 7}
2l F83 7MAE 3 Hed, ol e 3 $A
o|x A== Al5E Fig. 243 A4 A== Als
(Line of Sight signal, LOS signal) 2 7}&th= 7l
olc}. o2&t 71A-& 3, A*]/‘P 13} Ephemeris %
BE o]gsle] oA o FAS & 5 A ®ch

RS o #4571 -‘Hﬂ 712 =2A 1434
=7 ¥ (Ephemeris) & ©]-83le] $149125 H4sk=
yh 3l NMEA2] ¢4 wix|"d B8l 3% ZKElevation)
2 197N Azimuth) 2 083t $1491A]E Hleh=
o ok Hzke] 9ot 2 =ellA] dgE)
= A 93 daelEoEy vkeA] A

17

s » Estimated Satellite position
N
e I +AL

%
-
‘ e . .
=% True Satellite position
= 3

| WA

a2 3. AL |93 duels AN
Fig. 3. Conceptual diagram of Pseudorange inverse
estimation algorithm

2264

Z 3eAY A4S
&3 ik 7kEks] 7+ WA t'éi WA fobr,
172 A& B3l SAAEe] @ 914l S1AE
Ao A, ofs} A=l Azt ARl E ekt
ok o]F 22t & %‘H 12} ol 4] ?‘5} A=A
25 o] AD Azke R w3kl ¥ 227K Free
space)”} obd t7]E Fal A AdtE= A A
Z4& Fal7] 98l Ae]E AH=A]d(Jonospheric delay)
I 5= AR %A(Tropospheric delay)2- F713tkc}
ojuf A2l ALA|d} viFZ ALdA|d} H=Igh
] X 3= Ephemeris JR-E 53l A& = qlrk o]FA
TRl A A AAZEE o] §3le] v eR 32} S
Ae Bl HE PU N4 AT 2 A, o
714 Fo A oA EE s AA=7F Ao
A g gAl7]eke] AR 7E AojR]= o] of
Ve, 4715k Ao ke 9 914 A

Folli= 59 $14de] AA| HZIEE]— B} ‘ﬂﬂ "r]q =

o) 7% %4 $1A7h ek AA| $1Alnek ke 4
Stk o] & thgollA 7 Al T3 AA3] Lolr e

WA 17} 249 A7 1ol A 7 g )
-?’]713 FA3)7] $Jall4A NMEACA] =35 214

X3l $]% (Longitude), 7%= (Latitude)S ECEF
(Earth-Centerd Earth_Fixed) ZAE w3s}o]
[z,y, z2) & YJeP™, UTC (Universal time)& GPST
(GPS time) 2 WZHIc]. o] uf E25 $417] 914 X
2 A0yt o] Alshy, G 4 8 SHATE
" O]E]- 3} U_H 81—34 %/H:,LHEX-]E—E— 01.9:5‘}-0:] ?,-Jqﬁl-
30 914de] 91x xE AL (@9 2ol Aejgh

o, oX

Xu(t[)) = [i,,(t())vl}u(f/n>=ZAJ%)] (1)

~

u) — [xEL71)(t71)7‘1/‘(5L.71)(tn>.’Z?,n)(ﬂl)] (2)

o] wl ; = 54 wlel gt qlel(index)o]™,
o 3y 914 Mo sugic) el sy

oA W A 7S e g Aol
ekl wet g g1 Ak Aelr} ok o

ol 941 13 402 NMEACA &2 1 3y 9]

www.dbpia.co.kr



W 1%7t & o]-g3l] A5-37) (Free space)©llA]
NE KIS 71AEle] tigkd]l s A W A

7k g ARl Fig. 49F 3ol A9l (arwzt
092 o= 59 Y S Alse Al
Al 2k 0.086(sec), M| 9 (=2 90°)ZHE 2=
391 3 914 Al W 0.668(sec) AT A
Adxzkez Ak weba 12k 34 3 914
W 913 3 2k

>l ox
>

X(] ”>(f“,7_(1 )
~(1,n) (1, (1,
- T(sl g, — T(l.u))_yil ">(t07 7_(1.,1))’221 ”)(tn* Zm)] 3)

o]e o]B.g]_o:] IZ} _rz-],] Hixol }J] Z2 ;(d_ﬁ]_
A2l e el @) 3 2.

~ ~(1, P
— = (@ (k) =2, (b= 7))+

(ult) — 57ty ~ )2+ G (1g) — 307 (1~ A1) 2 (4)

||X X(l n)(

ol% 17 FHoz T ARl 4] W2l
#2313} el E AL (5)5h o] F7hstel B 914
W 23} 34 QYA A7 L0 k)

— Ay 4 g Tn}
¢
d(l,u)+1u+ ad
SISl ®)

{||X X(l n)(

7(2‘ n) _

HEA o7 23} FAL B 73 AR Az
#rg olgste] Y 9 W SIS

)}C%'U(t ) W e -G, ”)(t— 2y o ~ (3. J(f,—T(Z‘”)), A(M)(t _

B

e s} ko, 5 S 8 SRR, & 6)7 e

>3, n)(

oo =I1X,— X" (8= 72l ={

~ ~(3.n) ~ ~(3,n) G -
(‘Tu(t(]> —Z ' (t(l_ 7(2 " ))Z+ (?/u(tu> —Ys (tu_ T(Z«n)))l

+ (3, (t0) éi&"}(t“* 72m)) ) 1/2 6)

J2l 4. w7l w2 GPS $149] A
Fig. 4. The Position of the GPS satellilte according to
elevation angle

Eaﬂ a2 ﬂ** £ «Wﬂal e ﬁ‘il Ft— 71%gell
3| rolm gt o]9} zro] ML A=
ol-g3sltzle LOS AlEE 71E 4% Ephemeris
3l o= A= AR A9 HAE A FAT
em, AsAeE sl AHE 5 sl 2abE
e 4= ol

A o 34 e olF 2viE GIS A
Bk $Ix A odae|EEnt oz} b}
=57 = 2ukd GPSellA] LA E Hlsted,
A AR E ol83te] 391455 A7 DGPS,
WLSS}F 212 ofg] 93] 34 714 285 7Fsshes
s 83k 7Helck

tu >y o é o

2.3 GIS 7|t &2 7|H

GIS(Geographic Information System) 7]} 22|
7Ielst & atjE XA RS 39] 7]l o]-8%F
th= oulo|tfl¥, B =iellxie 949 $1x|9} A%
ARE o]g3lo] Fig. 59} #o] LOSS} NLOS 4159
AAE T3k, o] heste] whE ARE 7S]
A& AR T} ATl 23 vl 2(Multipath) S
BARSH= 7S Aok,

Aloksh= GIS 719k 391 712 k4] A5 A
H Fig. 13} Zro] mulel whilo] ofel] A-GPS {H|<}
GIS A7} F7t2 Al 2uted GPSellA] v

2 Z90ol AR sy A ARe} 4 SAAE AE
Foaxn gAAEARS GIS ARE sk,
A-GPS  ServerellAe QA3 Al ssle
Ephemeris & Almanac¥} 4 $]x] $H2] GIS AKX
= A3l 2rkd GRS £A1EF 3 9 A=

’.’&k’l

LOS
region

NLOS
region

a2 5. GIS7|uE &9 /=
Fig. B. Conceptual diagram of GIS based Positioning

2265

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-11 Vol.40 No.11

K2} GIS AHHE 0|83} $x|RA dare]5S
3 2% 9125 49k ol GIS AWE &3
= AR A ZAE 2 3 Ao
A HkeddtpE 59] Aol #Ad3= 3D map
o] AR} 7R AL ool ule} o] AEgw R
o] t]% 7Fsgrk TRt o= GIS AW 15 v]4-
2 dlole] Exjge] JrlR o]l Aehwe} v]87k
Edolm 3= 5 ALaA dF=lolok & A
durh

B 1ell4] Agrele GIS 74 &9 7S AES]
1A, o], vu], & ARE 53§
map-S 78, S A oabAE
25 v AR 3 wAR 59] 7ol zla%ich
wA] 1 A4 mrtd GPSell4] 3% NMEA X
7] A4S o]83te] GIS AR 'S 3P 2%
T oJodS Ak, 2AlelM  GIS AHxe} $14
S o]&3}lo] LOS, NLOSS T-53}l3L o] o] &
slo] 7 91AS AAEe], vt R FHFAH R
7V52| 241471 " (Weightled Least Square)S o]-8-3}
o] 954 gkl Aol ok qlFEt ServerdHd
o] 75 = Abelell4] Fig. 63 ko] ZAE Alo]Z A}

Ry o
o, mﬁ Oi'm

7R A2k dnlAlelAd B4S TR, web we
919 215 Awrel wuled GPSelM EH== g
914 A HZS Ephemeris JE)& B3k Q= A}

A A 7k

2.3.1 ZV| fIAFEE 0|88 FE dH 4F

Fig. 63} o] A%E Aol A= Aeke] o]
Allol ol alEle By S14e) Alse e A
5ol o) uhle} 2 28 ol JFew oE

— LOS signal
N b Reflected signal

. : " - —-—> Refracted signa
“\ Calfl-not:cceptid signal

- [Jios sv 9
- - "/"'—ng * T TiINwos sv
%/ True positian .
P4 - — - - Pseudo-line

Stand Alone position

2 6. =4l F3elx1e] GPS 7HAIA 24
Fig. 6. GPS satellite visibility ~conditions in urban
environment

2266

7 Z(Multipath) 2 #|o|=(Fading) =] $=41=]7] uf
ol ®uld GPS W5 3919 7% £217} 200m ©]
2 4 glek S oleigl v 59] Avle}
7152 oo} Lu|E o]435h, Fig. 59} o] &
Q172 Sl wket Af=ko] QAT s T
oA =} Fig. 79 w,, W 9eixl F ZAE] gtk
3 7 EE o, (@29 3ol AE FHel| Hol=LO0S)
A T 7P amste] T 9143 o) 88k AE o
of dwh} 7l7tolel] $1& 4= Aol digh $1#] 49
X (W, = hgang )7} 710, WNE Fig. 79 ()<}
o] 1 S M} ol 7Bl 7l HelA] o= 914
& ol g3 AE shelld drhd de] oS 5 seA
ol 3k $1x] 4 AX(w, = htans,) 7} AZIT} w2}
A} o] F $14E o)8sl Fig. 79 ()9} #o] Euld
GPS7} &gl o] 91x] & 4 9l 91x A
(W= w)S 7% ol 7Sz} Yaigh whsko 7 A
3 5= olvk weF > oy, Q Agele FHo e
AE7A 1A 5 glom= - w REe] 91
F9E FA & 4 ok weEbA F o3 A A A
= 9o 91dS o]83ly] wiiel A= AE st
s Frego] o] ¥t} o]BH O R HAEe| 9
3 AR el 2w A WEke] 29 0AE
Had FR 3 w,-w, oME EY S gk

o

2.3.2 FE HAg o|z5t0f 7ha fld MY

Fig. 7ol14<e} Zo] ZE3} JatsiA JA=
oddo] RFEo|X|H, 7R} 9] (Virtual satellite)
Asbr] 2 o] YL sl AS 18
o} o] Fig. 69= 2 Yehglch )i o)
HAoR = 2 S YA, 2 9 vk
oI b 21492 Shablelz, 12) F48
o] 1A= Mgk

o
e

A

4 e
11

=
o o X0

% o
oXx

2.3.3 =& x| =4

AR of F4 dmelEE olgsle] FAT N
el $14 $1A1s)h ©|AA] el GIs A F]ake
T3 G ANV S EFA N+ 174 914
& o]g3 A% 94T FHL B el 2
s (s} 2ol SlAARe] HaAker e B T

e

¢

4o

N

“

o=V (@, =20+ (g, —y)+ (2, 20+, Q)

A= T3] YslA A3} (Linearization) 31
()2} #o] Aelgict.

www.dbpia.co.kr



SV1 (LOS)
g,

oy
b,
sv2 (NLO’;% A

LOS
region

Tot

(a) Determination of LOS region

SV1 (LOS)
o
"Eh: \
SV2 (NLOS) \

Tot

(b) Determination of NLOS region

I'.&h/SV1 (LOS)

L/
.’f&h'\
SV2 (NLOS)

lVlil\\
L\ ¢ RN —

Tot

(c) Combination of LOS/NLOS region

O 7. 7 E R SIS o]8dt el A
Fig. 7. Determination using LOS & NLOS satellites

opy ayy Qo a1
opy Qg Qg ay 1|6z,
ops | _ | am  am oaym 1|0 ®)
: ay apn apy 1|02
dpn : : : db,
Opn+1 Qv+ 11 A+ 1)2 ¥v+1)3 0
Ty~ Ty Yn ~ Yu Zn T Ry
e i sty

oJck
o1F H% 34 A4 xE ©)F o] & e)
& AR Geslel bk

2]
o] 7]& mnuld GpS =
3= RAPES B8l s Ak 53] AEE
o o3l #1444l r}t AR ol FolAL At

#sb7] $l8l Fig. 83} #o] Mg Hlsghz H

Aolla] A Afe] aFAAE U

U0 w3} Table 29} ko] 2 o

AEA 53 Fok mupd ghg o] gale] A5}l
3

4
fll

=

=4 RN
o, Ay A o5t 3

Subway Station

Test sites & their index [

F 2. AEHeA 3
Table 2. Simulation Environment

Test Sites Description

Seoul Teheranro 12 sites
(Gangnam station
~ Samsung station)

Space between tall
buildings
300samples / ltest site
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degree (%)
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