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ABSTRACT

These days land vehicle navigation system is a subject of great interest. The GNSS(Global Navigation Satellite
System) is the most popular technology for out door positioning. However, The GNSS is incapable of providing
high accuracy and reliable positioning. For that reason, we applied Network-RTK in vehicle to improve the
accuracy of GNSS performance. In this network-RTK mode, the GNSS error are significantly decreased. In this

paper, we explain ntrip client program for network-RTK mode and show the result of experiments in various

environments.
.M 2 7hll, 2k W A4 52 o8] AlA 7ak $1A 5
A 7)ol AR glod, F ) olael Azdle
A obdAu] 20} b Y AREA] Tk 3HA Fishe 71etE i) ol feixa gk
o] ZbshAl #jaf Alele} A<k 9171% K= 7] WAl A 9715 2450 999 b de) Aes
9| F8Ae] AL Sk 53] Aed AT + W2 GNSSeltk GNSS+&= Alztel] uhe 232
ARgARt 2 Qb Aulais $1AE 7ke® oy o] glen] Zhze] mlard AF st Aol
2] Alz=de] Fxpabr] wistell vl ArHskar Al 2k, #ge wllg- wIZkgE whde] gk whebA s
A Q)= Ak 92 Arr} Bedolr). wlebd Fx) Lo} zho] el A} Aol zo] fl& A5 $1A =
GPS(Global ~ Positioning ~ System), GLONASS 27p Ak T A9} Fro] el Au} Aol o] wol
(Globalnaya navigatsionnaya sputnikovaya sistema) APE 92 2L ssobA|H, Eldelut A8kt
5] GNSS(Global Navigation Satellite System)-} 5 A FA4o] BrFs3d N9 x EAd)

M 2 ATe ARSI 2 ekl lelA A)deke Az 3AIARE (10062375, S IAAIA 2 vax 7
AA I, 1azl olghe] ARAS 937 Mo diem il
First Author : Hanyang University Department of Electronics and Computer Engineering owefsnw @hanyang.ac.kr, SH33]<]
Corresponding Author : Department of Electronics and Computer Engineering, Hanyang University, ssnlee@hanyang.ac.kr, £415]<1
* Department of Electronics and Computer Engineering, Hanyang University, cuth0342@hanyang.ac.kr, S-33]<d

=l E D KICS2016-11-356, Received November 20, 2016; Revised January 11, 2017; Accepted February 20, 2017

424



=%/ Network RTK GPS 7|4} AFEA A1l ¢]%] 33

INS(Inertial Navigation System)E ©]-8-3+ $]%] 5
Aol A% EERow tiekgk zhSo] HRAsiA|R
GNSSell 8]3l] ©7]7F A%} =3 100Hz 9] W
o] 7Fsshd, Bl Uy} 2 oA YGol|4]

A& 9] 9)x|FA o] sl A HEe &
3 91215 4317 wltell A7kl whet 912 At
TAEE o] °‘E‘rm

GNSS29] A% & QN3 7 o] A==

Al INS¢} A ‘}~ Aolet. Zak el o] 83
5 A xEle] 2FAE Ajtshs v o7 GNSSe| 2}
7} 2] o= AP INSO] w9 ARt =2 4]
x| A E ke AAE Ashe Aolch ol
gk Al 2=Hle] A9 28 FuleE W) sl 9x]
A A 2ES 73 4= gIx]uF GNSSe| AFwr} o
or v 317Fe] INSE ARS8 od+= oA 913 &
A5 Zole ° A ek

weba] B =4 Network-RTK(Real Time

Kinematic) GNSSE X}kl 4-g-3e] 23t xaf 29|
25 A= WS Al9kst} Network-RTK A] 2~
gl TS o83l Nirip server24E] 9]4]
HA Hlo|g]| S A= wirl o g afgke| FAEAIY
o] Fashe] A2ElE FTAA 7= MEe| TR
g gslr) el okl el Alglet Ao it
9] Stand alone AtEollx2] GNSSe} B E-A]5}o]

—

o s L ifn %WEM 27
oll4]+= Network-RTK GNSS - $]&} Nitrip clinet =
29 73wl Jekeae] Al aE TAS A
gt} 3#}bol| A4l Stand alone AFElol|4]2] GNSS 2=}
2} Network-RTK GNSS 2= vlasld A5 34k
Ak BeFEr) :zam 47l 4] Aol gt @}
ks o3 8 wiekS- A A7tk

I &

rh

Network-RTK H}A1-8- ko 2 Hg] wz] wolz]
Homo] & glo|E] 2 nlelo R ulx] 2k 2xel| 7]
FHlo] Rk A AN B 29E T 5 Y
3= 7)ol 71 de] A4 Network-RTK
HFA2 VRS(Virtual Reference Station) ®A]2}
FKP(Flachen Korrenktur Parameter) W}AJo]c}, o] &

FER A R4 ATe= wAlE VRS HAlolTh

2.1 VRS Al
VRS WAe 847153 wloleE o] gsle] st

Reference
Station

Reference Virtual
Station User T Reference

Station

Reference
Station

38 1. M 71E A el

Fig. 1. Principle of virtual reference station

Edlol o s 32t Fprtele] o
D R R i}% 11»11%— )

Ao]c},
2 18 VRS W9 Q)2 BolFw gk o
SES G ETEC ENE T PR R IR RS

om] F271FH AR B dHelelE oS-
s}od Nitrip server’} AAJghc}. wjepa] o} o] 4
ks 2A e Fx 75 o] AAR EAEke ZAE
RTKE o|-8& 4 ojrk

2.2 Network-RTK H[0|E| &5
Network-RTK HFA9] dlo|g] 352 t}&3} 2}
wa] Z4le] GNSSEHE] o1& NMEA (National
Marine Electronics Assocation) X5 A1 FAI%
©]-§-3}>4 Nirip server = FEgth. NMEA= A

71’ $A, w9 o] ARE A3 S 22EF
22 9] GNSS receiver = ©] T4 wlz} d
ole] 5 A&l 53] NMEA dloJe] 5 ]84
A, A 5ol ARE T3l GGA(Global
Positioning System Fix Data) % 2-& Ntrip server ol
Z531A =k Ntrip server”} ©]-8218] NMEA do]
HE FAlsk o]gat FHe] 3xr|eAd delHE
o] o] gl Al AEEHAl =e=dl, o] dHele=
RTCM(Radio Technical Commission for Maritime
Services) T4¢l ule} AEsiA] Erh RTCM 2 3
A 7P BAow AREE eARE AE EEE
=24  DGPS(Differential  Global  Positioning
5 thokgk GNSS xjrA A sElel] ALg-E

System)

A 9ok

2.3 Ntrip client 22|15

Network-RTK ¢4} NMEA d|°]E]EVRS
Ntrip serverol] Z15=3}3 Z37]5=12] RTCM H|o|€]
2 A W= o@le] 3AS wilsls F-3o| Nirip
client®|t}. & GNSS receiver= Ntrip clientE ©]-&

425



The Journal of Korean Institute of Communications and Information Sciences ’17-02 Vol.42 No.02

o] BAE 99X AXKRE £ gle Aotk
Network-RTK ©|83} 9% 342 37| H H =

Nitrip client 7&o] o]},

% 2+ Ntrip client S-3tlo]o]azls Bl
a=lolck. wix] GPS Receiver®} Ntrip client=
UART 5A1S o]43le] dlo|elE w3kghch UART
B4l TE= F 27 desich 3 WA= GGA Hl
°]E}E Nirip client® RW]32 RTCM Hlo|ElE W
xEo|t} 18| F WA= BA HlolEl S o]-83to]
HAE NMEA Hlo]e|E #E2 02 418 EE|
th 2 xE= /AR FAfslof s wtell 27t
zRAl~E Aol el Al 2R3 GNSS
Receiver®] 73-%- 10Hz & E2Fsl7] Wl 1 %9 10
W4 dlo|e] S A3t} 27 204 Nmea.manager.c

9} Niripelient.cx= 27+e] 2~ =2 $21517] wjio
IPSE &3 NMEA dHelEHE I3tk

Nmea.manager.c = ¢4 473k GNSS Receiver2}
Ho|elE Fuk=s F-HFolch Nrripclinet.c= Ntrip
server®} Hlo]E] S w3tel= Biolt) T ZRAA =
tep/ip EA1E ©]83le] =] 9t At dlo]
E{+=  Ntripclient.collA] Nmea.manager.coll4] Wk
NMEA H]o]E]S Nurip server o A%:3}1, RTCM
to]e] S $AlMHET) Cean.manager.c H-8-2 BA%
dlo|elE = CAN 5A1S 53 2l o) Hagh =
ZA A AR 4 QEE sk el 1
2 27 2 ¢ 7R Y V2xrep.es BE L E2A
A1) A Alefshe FEelck

2% 3 & Ntrip client 218 Y5-2] dloJg] &
Exolch 9ix RE T2 T3S Alesh= V2x-rep.c
7} A3=]mA  Ccan.manager.c2} Nmea.manager.c
2|3 Ntripclient.c & A3A71ch. ©}3 GNSS <}
UART 5415 <d2ste] dloJel7t $5+41 2 4= =
£ U ESZE Al ZE17lo] GNSS Receiver
9} d4o] =9 tepfip 7S AAI3IAL Nirip server
ol SEARAE ] A A7le AFsto] vE=
= olAgr), 2 elo] AsEwl tlew) e 14

aps Inner Logic
Satellites

NMEA(Carrie)

[m

GPGGATPS)

Port

- (/
N | oo
Receiver

con,| NMEABCAN
(AR

RTCM31(UARD NMEATPS) AN

fta
ws)
can cata
(UARD)

Port

SR

T2 2. ntrip clinet®] &
Fig. 2. Block diagram of ntrip client

426

] Mm] mmd R =] DB
r
Twwebey
N — i
LITeP.sachint ten | |
TPk tal |
e
[T
121 3. ntrip client®] o8] 35 tio]oizzl
Fig. 3. Data flow diagram of ntrip lient
3] Network-RTK & 528t &= 9JA] utech =

i o

4 Fr) bl selEg EA) ASHow
w4 dolEl S CAN $41E E8 Aeal A5A
o A ek AulaE Slak Al moAl =

o} Te|v =2 s £8530 V2xacp.c/t BE A
Al ~dEe) BAXES FEAYIM T2 WS F
F3kl

2.4 RTCM Z2EE

% 1 & RTCM Z&EZF Z Network-RTK 523
o ok Z2EFak el Zlolch o] dlolE &
7V} %838k dolEl= Message 1004 2} Message
1012 o]t} o] Ho|e& vFela] 2l S
A|2=81Ql GPS 2} 2]AlelellA] < <] GLONASS
o i3t RAARE A= ZTEEFo|t) Bei-dou
1} Galileo®} -2 $A3h A2l &A] Mu|~E
A Z3HA] eobA GNSS Receiver7} $19] x| ~E]
AR5 AlFsie]zle Network-RTK E2F Al ARE-
3] =

[[[AI%{

- =2 =

Network-RTK Ad5-5 537}3}7] $l8te] A& A}l



= Network-RTK GPS 7]4F 253} A 9% 34

# 1. RTCM 34
Table 1. RTCM format

Message type Description
*GPS LI1+L2 observations, extended
information that contains

Message 1004 signal-to-noise and full milliseconds

for code observations

= ARP station coordinates, ECEF
XYZ

Message 1005

Message 1007 | = Antenna type

= GLONASS LI1+L2  observations,

extended information that contains
signal-to-noise and full milliseconds
for code observations

Message 1012

= Additional information in networked
reference station operation

= 1030 = GPS network residuals

= 1031 = GLONASS network
residuals

Message 1032 | = ARP message VRS

Message 1030
Message 1031

Message 1033 | =Receiver and antenna descriptor

AlzEle FAsI] ofg] 71A] Ate|Lellx] Algs)
Hatkrl :Lﬂ_l_ Ax} B9S24 27F2] Reference
GNSSE F7138fe] A3S #l8)s}ict.

3.1 43 st=slof 74

Network-RTK & 1-&3}7] $Jsl4& %41 RTK 7]
‘5 A|%3k= GNSS Receiver’} = JJJ]-E]-, iz

Ntrip server} dloJe] wghS- 9Jgt F-AFAlwo] 2
L3}
a8 4 = AR W Al FAES veRd Aol
T4 EAWe R LTE RouterS ARE3I2™, Car

1

1
ITCP/IP
1

1
LTE Router

Ethernet

GNSS UART CAN
Receiver Gar BG

UART

I3 4. Network-RTKE $]3F #zhjjit AlxEle] B2 o}
NREE:

Fig. 4. Block daigram of in-vehicle system for
network-RTK

PColl= Linux OS=
Ntrip client 272}
sttek

7|Eo 2 A= 18
< Linux OS¢l E2}tsle=

-NH

3.2 dY ALzl

a3 5 9} 7] AP E 3 7[R Aluke] Lo A
s3lc}. 3 WA= GNSS 7o) 714 £ A2
oA Aggcl. e] 3 F WA= GNSS 2] 71
ot & T & Aofolr). elsgmel e Akl A
TollA E3] B 4 9l sholr). mix|uke oJubd o
2 FARA A 2T Yehs G- iy Aol &
=7} gl Aelole}.

Open Area(ZjZx])

Tall Building Area(s 2w 2ix| %)

12 b. oI A HAE Al

Flg. 5. Test scenarios under various environments

33 A3 2t B} wy
A AnE FAT i oo} e 2AdeA

B7}etoick
2 Ayelexd® 27t Stand-alone 3}
Network-RTK Rtz A%
* Network-RTK W2]ol|4] Mask angle = auto,
Time out = 20s 12|31 Update rate = 3s = 2]
* GNSS mode”} fix 2 w(mode = 0 <A t}&
mode & WH3ZH 1s 7+ "lo]g] #|A
» A}gfell A%|%] Network-RTK GNSS SHelue}
Reference GNSS SFellL} offset A7
» 2}5F2] Heading angle-S lsle] Fxlsk 3w}
ol T3l &2+ ANk

421



The Journal of Korean Institute of Communications and Information Sciences ’17-02 Vol.42 No.02

N \
Longitudinal Error |} \

TS
Lnngnude Enor Y
~

O 6. A% FHTANA body frame FHFAE FFTwst
Fig. 6. Coordlnate conversion from latitude longitude to
body frame

7o) e g Ak Bl AsE W 4 3
= IEE R PAEIsIew, X12ke] Heading angle
< NMEA dlolEfel] 9l& HHEE o843l =g
Reference GNSS Sleu}el Network-RTK GNSS
GNSS <tz 223”1 913 27} &A1) weel
oAl NMEA dH|°|E]2] Heading angle<- ©]-8-3}¢]
segoidor 2% A sk

a5 6 > GNSs®| A3kl A% Hxs A F
o) sz Mashe g thehd Zolck® 23
& Fslo] AEE WP shlck W 94 Aok
Z g oA, g sk 23, Ael 27 3 A

O X

R

of

7

31
=2

*ﬂ 717 373e] BAE Tty S8 A
FAsl)efl kA 7} 3Hdol| 42 GNSS 548 Al
a7} glck

o™ 7 & Al 7R 3EelM Z+e] HDOP
(Horizonal Dilution of Precision)& X oi5m, 13 8

2 7] $MFE HojEr) x 52 epoch® 74 A
FellA] epoch7} th o= 7HEA] 7§ GPS 4l

717 ;A= gle] $149] ol mo=rRt Wz} A7
7] vl 71 A)7F Ade A&, e Uy %
o, 2 i X %% ZF A A =7 7
Ao)7} w2} epoche] AE T2k} 242 vf2 A v
ehgict 94 et HDOP—: GNSS2| 4l AbelE
Fst7el vi-¢- 583 wlo]e{o]ct. HDOP®F 2D ]
o) 917 5jsh Pelel sfebelela o] el
%t 4 1%o] HDOPS] 7% Aol & Wel
oo 245 glo] T u] o) Hobalek el
& MgAdAE ¢ A FHE e M

e aju

428

26
24
22 4
Open | | |
Area
opzx) |0
65 1000 2000 3000 4000 5000 5000
Mean value : 1.8796
3
Small |25 1
Building
Area g
(#2ud
Pk I 50 700 150 200 250

Mean value : 2.0947
5

Tl |
Building |4

Area |, _
(kgﬂl:l

T =20

A% % 50 100 150 200 250 300

Mean value : 4.9988

. Thekat 7l GNSSS] HDOP
. 7. HDOP of GNSS in various environments

|
Q
-

Open | 12
Area
(hx)

0 000 3000 4000 000

Mean value : 12.6476

12
Small |11 \-——
Building
Area |1° 1
(Hegd

90 5‘0 1(‘)0 |g0 0

X%) 200 250|

Mean value : 10.4198
]

Tall |7 1
Building
Area |® 1
(Fe4dd ﬂ
% |% 50 700 750 200 250 3
Mean value : 5.2852 ﬁ

a2l 8. vl 3H7ellA GNSS ¢4 5
Fig. 8. The number of satellites of GNSS in various
environments

o 4 e w9 ae] S4e] B Wats] 1}
ehdel. Ajae] Ago 1] olae] sgow
B ALEE AR e o] e FAXe] 7
S 107064] 11709] $1AEE ke, Wil e )
ol B AT AS B 0@47} 79 570
2 shl8] FolEeh, we A



=% | Network-RTK GPS 7]4F AEap Al 92 A

3 ookt 3l 14 Ass wdE 5 stk

a2 9 = A 71A] 7oA Network-RTK B2}
Stand alone HlAlol| 4 e] A2 v Wk 740]1:]. 1)
29 x F& A T ek Safoln, y 2 2|9k
3] wpsF 9 Ajo|t) Ayl= RMSE Alkslg] on, 94}
= Reference GNSS ZA3}e} 4133+ GNSS ZA}e] =}
5 AR AR A9 oAb Bt UAEHE

wR Vel F 3] 9ARRE: SAgE e 9
F olk & SI4AEE paleblel Be] m=A) B
sjo] 93pe] date] 7441 Aelek. Asbr} meA] B3
F A ol Elshae) Qjgelet A vl

W o) Ash gogo] WL Ao A5 il
A} gbo] slefiinl 25 olela Relsls Wl 9]
2| 2} AA 2L GHA A = GNSS7} $1AE Al
B R B B

¥ 2 = Stand alone ¥} Network-RTK =0l
Ak ixM RMS & viehdl 7ot Al 7%1 &
Aol 27t Aeke] 2 ks, 3 Wk el v ol
Ag] 22} =25 HolFrl A= ¥ Stand alone
21} Network-RTK & AFS-81-S- o] A4 o2 Az
7F e delAles 2E o 5 olek Wkl wlel i
© = Stand alone®] ©] 2 QA5 Zh= FEo] 9lA]
W 712] 22}ol|4] Network-RTK S AF2-81513- o v}
o= AE gldd & gick

Stand alone Network-RTK

Open
Area
(=)

Small
Building
Area
(H2ug
%)

4

Tall
Building o

Area I 3.
(goud e s

%) gl

32l 9. vlekat 33ellM GNSS fl2]e] RMS
Fig. 9. RMS of GNSS error in various environmnets

E 2. tjeokal 317l stand alone™} network-RTKE o|-&
slo] AkEl 9% gk vl

Table 2. The difference in calculated position between
stand alone and network-RTK in various environment

Area Evaluation Stand alone |Network-RTK
Longitudinal | 6 5615 | 00917 m
Open Area Error

(7W&=A]) | Lateral Error | 0.2240 m 0.0158 m

Distance Error| 0.3341 m 0.0931 m
Small Longitudinal

Building Error
Area | Lateral Error | 1.6446 m 0.8695 m

(\J—_O_
%_15 =] ed) Distance Error| 1.7569 m 1.1770 m

0.6181 m 0.7932 m

Tall Longitudinal 23763 m 0.6367 m

Building Error
Area | Lateral Error | 1.1827 m 1.4724 m
O
ujjA]ey |Distance Error| 26543 m | 16042 m
V. & 2

1) Network-RTK "Ml ©]-83F GNSS Receiver
9] Axp= oubA9l Stand alone HA12] GNSS¢l H]
3 & uleke HF 0.6948 m, 3 HFERS HF 0.4243
m, 72]3 Ag] 2X1= H 0.6237 m = RMS7} 7+
23l A1S o 5= olc)

2) FA1EALE o]83led RTCM Hlo[el& 4l5h7]
wj o] 7]22] DGPSU} RTK 7]l B]&] AR 1<)
o Aleke] glaz, xS 7|AaE X F8r) ick
Tk AAZEe R Tl xr]E=re] BAdelEHE
AdslER, whE SR FAo]= AEF HAelA 7
2] 7]zl vlE o v AIE S 5 ik

3) Nitrip client 2] 785 53| Network-RTKel| =
23k geplelE Alefd = glow, A ke 9l
F7H]1 &z ES ] Ate] 7lgslch

g T3 AFsAR 23 7 g R E SlsiA
= A AR SHE AFgS] FAhe 7% v
Fa3lt}. 2] shezkel 4] AlA S-S GNSS 2
e} §ihehs 7o) i) °4?Lﬂ¢ sk Ak
As] $1%| FA4ellA GNSS= 7P Fod H3tke 3t
2 glew Ardel HEE FHsh= GNSS A3}
A X w= o Al felME o ARt
vk = el glck wepA o] =g EEl
Network-RTK W& 23kl #-83}¢] GNSS7| Al
Al 22 FAeA drht AP} ol AE Bl
F912m, Network-RTK & [kl Hg3l= WAl
Aukd o 7 Adudslelc) sl LA EAle] ek}
o] Nitrip server 9} <d7o] #od 751t ¥ ds} o]

429



The Journal of Korean Institute of Communications and Information Sciences ’17-02 Vol.42 No.02

GNSS7F S o2 HE] Hole| & A3l ofe%- &
ollA= BA dlole]e] F4le] Erlsdte] dHlolelr}t
#7)1e Yabo]l wAEILh wlebs]  Network-RTK
GNSS 235 INS 5 3 §3ste] 91A5 343k
dae]E A7k ez

References

[1] K. W. Park, D. Lee, and C. Park, “A precise
relative  positioning method based on
time-differenced carrier phase measurements
from low-cost GNSS receiver,” J. KICS, vol.
40, no. 09, pp. 1846-1855, Sept. 2015.

[2] J. J. Choi, H. Y. Choi, S. B. Do, and H. S.
Kim, “Absolute altitude determination for 3-D
indoor and outdoor positioning using reference
station,” J. KICS, vol. 40, no. 01, pp. 165-170,
Jan. 2015.

[3] J. W. Kim, M. S. Lee, and S. S. Lee,
“Vehicular pirch estimation algorithm with
ACF/IMMKF based on GPS/IMUOBD data
fusion,” J. KICS, vol. 40, no. 09, pp. 1837-
1845, Sept. 2015.

[4] D. M. Bevly, “Global positioning system
(GPS): A low-cost velocity sensor for
correcting inertial sensor errors on ground
vehicles,” J. Dyn. Syst., Meas. Control, Trans.
(ASME), vol. 126, no. 2, pp. 255-264, Aug.
2004.

[51 M. Irsigler and B. Eissfeller, “Comparison of
multipath ~ mitigation  techniques with
consideration of futer signal structures,” in
Prec. GNSS2003, pp. 689-697,  Portland,
USA, 2008.

[6] J. Marias, M. Berbineau, and M. Heddebaut,
“Land mobile GNSS availability and multipath
evaluation tool,” IEEE Trans. Veh. Technol.,
vol. 54, no. 5, pp. 1697-1704, Sept. 2005.

[71 G. Dissanayake, S. Sukkarieh, E. Nebot, and
H. Durrant-Whyte, “The aiding of a low-cost
strapdown inertial measurement unit using
vehicle model constraints for land vehicle
applicaitions,” IEEE Trans. Robot Autom., vol.
17, no. 5, pp. 731-747, Oct. 2001.

[81 S. Rezaei and R. Sengupta, “Kalman

430

filter-based integration of DGPS and vehicle
sensors for localization,” IEEE Trans. Control
Syst. Technol., vol. 15, no. 5, Oct. 2006.

[9] S. Godha and M. E. Cannon, “GPS/MEMS
INS integrated system for navigation in urban
areas,” GPS Solutions, vol. 11, pp. 193-203,
2007.

[10] H. Qi and J. B. Moore, “Direct kalman
filtering approach for GPS/INS integratierosp,”
Electron. Sys., vol. 38, no. 2, pp. 687-693,
Apr. 2002.

[11] S. Moon, S. Lee, J. Kim, and B. Kim,
“Detecting lane departure based on GIS using
DGPS,” KSAE, vol. 20, no. 4, pp. 16-24,
2014.

[12] A. Noureldin, T. B. Karamat, and J. Georgy,
Fundamentals of Inertial Navigation, Satellite-
based Positioning and their Integration,

Springer, 2013.

2 2 A (Bong-Young Woon)

2015 24 : JAYstw A=A}
ot} shab

20151 3d~&A) : Fhefefietar
AARFHEAES A}
e

R S EEE
$-7-3, Neural Network

0] S Zl (Dong-Jin Lee)
2012 249 XS o7
ZAkeka} &kl

2014 84 : gheflistar Ax}
ZA5rE-eAlEstat Ak
2014 9~FAY : FheFe3taL
xR sAl g st it

A

<3 ¥#o}> Indoor Positioning System, Machine

learning



=4/ Network-RTK GPS 714} 2HE3F A 95 34

0| A M (Sang-sun Lee)

19781 24 : ghefhE;
s} s

19831 24 : gheffjstal %1%
sz 414}

19901 8% : University of
Florida #17]--8} A}

1993 3L~ : gt
AT

<ol AR, FATY, BEATY

X
N

3

A

put

3%

431




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


