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A Precise Relative Positioning Method Based on Time-Differenced
Carrier Phase Measurements from Low-Cost GNSS Receiver
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ABSTRACT

In this paper, a precise relative positioning with TD(time differenced) carrier phase measurements from a
low-cost GNSS(Global Navigation Satellite System) receiver is proposed and analysed. The proposed method is
using carrier phase measurement from a single GNSS receiver that reference receiver is not required and stand
alone positioning is possible. TD operation removes the troublesome integer ambiguity resolution problem, and if
the time interval is short, other error, such as, ionospheric, tropospheric delay and ephemeris error are effectively
eliminated. The error analysis of the proposed method shows that a precise and positioning with carrier phase is
possible. The implemented system is evaluated using a real car experiments. The results show that the horizontal
positioning error was less than 3m during 10 minutes experiments, which is 4 times more precise than the

results of normal code based absolute positioning.

# o] =i 2014 % FEUER skl dkgle] dn] Aol 2)ste] A= S
First Author : Chungbuk National University Department of Control and Robotics Engineering, zumbox@cbnu.ac.kr, 343]<]

*

Corresponding Author : Chungbuk National University Department of Electronics Engineering/Research Institute for Computer and
Information Communication, chansp@cbnu.ac.kr, %3]

* Chungbuk National University Department of Control and Robotics Engineering

=3 D KICS2015-07-222, Received July 15, 2015; Revised August 25, 2015; Accepted August 25, 2015

1846

www.dbpia.co.kr



=/ AH]4 GNSS A7) o] 4-&

I.M E

AL o83l AdisiAlE FAHE & Sle
GNSS(Global Navigation Satellite System)+= A&
& AbsAh, Az Ba Alxd, $A7E AR F
2] ghikgl oAw mIzke] vt F43] FrskaL Sl
o} slFellA= Adute] 9= At A E A5}
7] 8131 GNSSE F-g3hei, 22 o] A7 =|w
b= =E(Drone)olr} =32] XFgOlEE A9l 25
Agshe GNSSE aHg-atar Qri. clelat Holo)
41 GNSS9| =87} sopxlell mepx] Zhzke] ftolel|A
L78h= GNSS®| Aehw 2 AHE HA] FopA|a
ek 53], AeFel Absak 2 AR PE}JV\E&]T%
7 Aps At ool A S 71 = olE 1.5m
o Aatwg e 2 shie] GNss 4l
715 83te] thefgl HolellA a78k= sl 4l

AHRE AFslr)e el

GNSSe] A%-e mekslr] 9]sle] tlokal Alxsl
& 37 skt o]4Fe] GNSS FAl7]E o83t
EH 22 GNSSeF IMU(Inertial  Measurement
Unit) = ¢33t AHl7F el GNSSeF IMUS §3
3 GNSS| =&l ZFH45%(1~20Hz)E IMU
(100Hz)Z Rsksla, IMUS whiel FAexs
GNSSZ ®el 3 4= 9jc) g F AAE 06\;—5‘]—
7 A Z7FFAIRE A& GNSSe 2f&x
olth. HEFEE A7) $1ste] T}, LIDAR“‘],
o vEY =P, A Wireless AP(Access Point)<]
RSSI(Received Signal Strength indication)™* 5-&
283t

GNSSE o]43le] A 4 AUrs 7=
= o} v DGPS(Differential Global Positioning
System)& T3k Zlolth S1AE <A sle AA
o FAZIE AAEhE AelF 2 dfE AdeAE
A 5 ik 4% A= fAAKke] Zed 5
Aol Agsh o|akexks: Aol AAAE S
FHAA 5= olrt. Rk vkes) A SAAE 8
RTK(Real-time Kinematic): cmsk$]e] 215 2zt
Agl oA w2 =5 g2} DGPSE 4
7] ¥l-go] S7FskaL 10kme el 22} B4
Aohs 7157 282 sl 477k M
AlAde] a¥lel At o2} vkl S04
S3p7] glaixE MRS A0S Aok
olo} 72 FAZ ¢lsle] DGPSE 24E 4= 9l
opr} vl Algdole). theat Foto] GNSSTH
7] flsiAe & el FA1E o8 AHEt

L%

il

1m

mlm

e

lo
Ry

of m[m

L et oft v

T

o

jz I
2 oo

uol—aévgg —f%xéilgl Az 7F AHHTD,  Time
o} dnkg e g A
7# b ARE ¥ 7§—°r Ll s A I i B e
= A AAZ 5 glA T 9143 sl UJ?.}%}% s
o] 9lo] wo] FLxA]| ¢
7P<l AE 2R vkEe H“ Azt 2 AR ”471 =
gap i A Avs shie] fAE o4
’6]-02] BE T oSS o 5 olrk o] ®lal st
A wkgs g]xolsq A 2 ARE w3l 1ol 4
W5} v s AL 245t o] edtelx]= Aok
e G Ao eHE w8l Ak 994 |
sfego] Havt & w7k ubEshs whES Al
t}. d=e] xE e digtellA = nkga) f1ke] A1zt 7k
25 o]-gate] Alube] SRS AHEA 4
}giu}lﬂ. o] Al HkET} S SAHAE o]83l
Azt 7b 2Rtk 914 7 AR Fsl Aduke] 3akd 9
2| Hshs A7 Al719] AA|ARE BARE ] ¢
slod 914 7F ARio] F7isEw 53] Adute] ik Wiz}
¥ IS SRR gk

=
=%
@D
@
=
(@]
@D
o
£
mlo
°F°
y
fr
k)
i
i
30,

r

ol el SIS ol gk At 9]
A W0 W) S A2 2 A 344 )
ko] Abej)A] A1 ARkl AlkeR
& 9P vl o] Aalejste] vy ke ke
Ak 317 o o] Sk Rk el et
Aej} W] A7t 7 ARwke . §)73gA sk 4]
7] AALA ek FAsh] wle] o] e
sfel. ARkl W] Wl $AllelA oz
A TESAAS o 41k AelA ST B
o} $55he Blsh] Glsel oAl AR E

A =

JbeHe bl Agale] S e 2 1A

£ =S F e Az psigle 1ddle
vkial 94k TD 2R %] =dllS & olsleich 244
247 mels o) gsle] $iAe] ¢ skt A
Aleat Wskde F4se daelss AEsisict 3
AHoj|A = Algksh= A9 =] 75_]7(6]‘30]'”39] A= o)=
402 Fska 4ol ASFAAEALE o] 43t
AgAIE x|y Ao} 7 EHsksie

rlr

1847

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-09 Vol.40 No.09

®'(t) =1'(t)— c(B(t)— B(t)) W
t

FAN(E) + 1) + T°() + o' (1)

[e]

=

ofe] Ak tell 914 i 9k FA7I7Ee] Wkt 914
A @1 AA Arlro] $xpr) 2 P
53 9 A 22 AR FAIAA &

2 B, $142] AALAB!, PIAASEN, HelE A9

23} [ e AdeA T aE]a A v 2 A

t} 3714 A& GNSS 4152 shge- ofn|gic) Azt

7F 2 AN A2 ¢y 9} o) ZAIZE ¢ oM e mk

5} 2] 2o|d(t, t,) = D' (t,) — D' (t,) 4]

()<} #rk.

d.

0 Lo
r1:: _ll)lv

v}

Bty ty) =1t ty) — c(Blty,t,)
— B'(t;,ty)) + AN (ty,ty) + I'(t,t,) 2)
+ Tty ty) + 0" (t),15)

Juld © 2 PGPSOl = 7T} A7k A
S 2 A 2 iF7T 2AE AR vIAASE

A% vIAAS S LAMBDA  (Least-
squares AMBiguity Decorrelation Adjustment)!”*”!
7|¥e] t3EA o]t LAMBDA = A9 AlekzxAo
2 NS S8 vIASE At Al wge] w@
ok el wkgsl 914 TD SAA ellxE Alo|Z
&7jo] MAsA] Ferhd mIAAHSE N(t.t,) =0
o] o] A AA & 5= ekl wdt @A) o]
AAZEe] Aol7h =] v Al difis, 144
Al e2pe] 2 = 0ol ARl waka] Az 7k AR

o) 24 AT go] T + ek

'ty ty) =1 (t),ty) — cBlty,t,)

. ; 3
+o' (t,ty)+ 9 ®)

A@)E PIARGTE AAR T el
AA 2Ate] Azt 2E AR T AR vii T
7 ek, Ao Qe R Ahgv ol EE A

1848

A4 glaje] WEw wrlalr) B =eld AR
O X= A2H] AR SE=TA] A 002 7R
et 22]an Ao atel] ofFk 3= Al wlelelE
o]-83 A} T3l Faldch

2.2 izl
|

o (t))]
oLt
®Yt,,t,) 2( 2)
D2(t,,t,) >7(t)
Prp = :1’ =S519%t,)| @
@71 t 7t S
Wt g
(D" (t,))
oA St AR A|(5)s) e
-1100--00
s|vo e
000 0--—10

7 $hge) A7 7k AR 2AAE B Ae)eR
epoe,

r(t) v'(t,)
Tl(tZ) o (tZ)
)| [l )
G =52(t,) [te| VS| (1) (6
: B(t, . 1,) :
7 (t,) 0" (t,)
™ (t,) |v" (t2)7

AAAZ 1,olld] 540718 $1A1% Sl Slaiae
Loldlel $13) 4171700 Azl D aslel 244
A2k 7k A Li Lyellxle] $1wF a7k )
ot elde] 914 () = [2(4) y(t) ()] % 7]
FHow ww_m AME $ET 4 Ak o

www.dbpia.co.kr



=/ AH]4 GNSS A7) o] 4-&

714 h, = [3_7" o' 3_7”] su=[6z by o6z]°lch
or 0y 0z

' (ty) =r'(t,) + hou @)

X(tQ) Yty) Zty)] 9} ¢,
2 A)(8) Rk

M
5
N
i‘w
)
f
ke
o
—‘—'.—.

X(tQ)ifL(tl) Y(tQ)iy(tl) Z(tz)*z(tl)
r(t,) r(t,) r(t,)

®)

@)l r(t,)-& AN 1,9] $14d91719} oA
A7k o] 417] S1x7e] ArlE ofnighel ¢ oA Al
AHe SIAARE o83l 1,9 AelE & A
k7)ol SIAAE () = [z(t) y(ty) 2(t)]
7} Folzjokgl), mlR]Ge)| 2417]9] AlA|SA} wis)ek
cB(t,t,) 5 71810 b, A Z33PE nolY 214do]
ZaEk u) Wies) 914k TD 24 A= 4(9)<) #Fe] ot
el 4= glck

hy 1 v(t),ty)

— h‘2 1 du U(tptz)
Prp : [cB(tl,tZ) + : ©)

h, 1 v(t;,t,)

3714 FAeoksd k2 oust eB(t,t,) 2 Z 470
o] wAlR AR 47l ool SAAVE EAT
o) 4](10)9] 7153 Ak (Weighted Least-Square)
< o83k fIASIA]e wskd) AlA AlALeAL
Hsleks 4% 4 olvk 8 gl Al
A2} WskekeB(t, t,) S 914 2 AE-S Ed A
AslAut AlQrsh= Hh el A 2l B 5
ge ‘/‘1 ArtE =3} sick 1714 4709 A
A= 5 ol F(epoch)old <l o2 EAlsle] TD
zgi]g: Alza} = 9)= 9)Ae] 4l o]Akele omat
o} gk Ala4Al Ade] Alelr) 4] ool 7HA9IA
o] w27} A ks Aol HAE A A
oz}, o]e} e whdo g Azk 7+
+ ‘QHL ol Afe)x] whaych 9AAF
b o2 oleld glr)lil

n:

>~

r{r n
_Il}l'

=(GTQm @) 'GTQ P,y (10)

A(10)ell4 Q& 2 F4A0] 7HEAlell #lg=]
o o AL AR ellA] A .
ARz 27]91A02k Bl A7 AR 21219 stk ou
5 skl ARk 4 gl
St Fr=dh st gkl TD SA4AE o]83%b
2912 FE aste] Al doleel] 485}
A o 7 AR aesiof ek wiA =
7] SIAARRTE FoIHof Fhek 7] S1AA RN S
s A R o B B e
27] $1AA ] Aol e 2 =ielld 2]
F7le o AAEA Alamlemne Algkett
A2 edrbag el A kot o4 S5 AR
flsto] Edgk 914de] 27 ol AHH oR EAlso}
gk whe 2w o)e] SA4A7} zﬂz‘ﬂb $17del a7l
°bd A et AAFAE wke skt 7
7HA b arefste] el ket 14k TD 71k
Aee1A] A7 A= 7 16l AR
A=) AR FAS B WA AUE okE
A e mRE 2] $IAE ek MR
271917 Fdiie] Qiekl Iermke] Aig)A] &
7S S8 2719125 3930 L ok GNSS
FAZEHE 2} 9149 S1AA e} R E S
gk vbek oA e} idul e} dAf Al Zke] $14
W7} Fedsteb Wt 914 TD SAA1E A3
3 9)x|wsleke 2=A3kc) o)A /K]ﬂ—oﬂ A= -r]ﬂ
IR R s e R B i i
A Al $1AE ARy whef #’rl*éﬂﬂilﬂ %‘:—H
Al b 5 Azl EAlel EAlehs fde AR
ok =AE 1ol 47 ool whEs} 914k TD

N

T2 1. TD ZAAE o843 Aielx] A7 daels
Fig. 1. A relative positioning algorithm using TD

1849

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-09 Vol.40 No.09

24302 Asle] A Mst 240] FF5ah). e
»} Aol EAlake $140] 47) olakell 913

ek o] A$oliz A hE AswloznE 91
oas Agolo} g,

oasg spaisl] Flsle] AS Falslaich
SkA] 22] A(10)¢] 7] AE Qppe A ST
7 TD SAAY] T4k R AAHe) whef 7h §
Aol wiga) 9AF =x]x]9] Ak&o] .d-ﬁl-o LB A}o]
033l AWGN(Additive White Gaussian Noise)o]=}
TD SA4A9] Hf= 0, T4k A1) = Ak

)
XA

4 2

cov( VTD) = Scov (v )ST
= U@SST Qrp

A7 v= [vl(t) V2 (t) v"(t)} = AEEA
o5 BT S SR 0] oAk Snlshd $417]
o 7F ggel o A S4e] Wrbd TS
cov(v) =03l ., 95 o]43l%rh olw] TD S4 <)
Satelx] 597 whlsEsle oF S ik o] AR
< 014‘16}“‘1 sl 2 A7) AAMEEke] 3
A=)

BAke A(12) 2 vhehd),

cov(

A(12)F HR w9k S4A9] oA gt
037} 20} 2S4S oF 5 Qi) F= EZAAE o)
g Ar)e) =] Axupge] o }FEake Al(13)7 2t}
oldl Gyi= FEFAAE ©]83F Arie)x
ollx] 2t deixl 91433} 4171 ALol 9] A4l 7t e =
o]Foixl Y=ot

cov( [fz} )= Ué(GWTGy'/)7 ! (13)

om};dq_

i FAIAA wEEE fake] A=

Oy = 2mmo|al FEZA=|e] TFH = oy~ 15m

ofek i o] AIS wefalHl Wk} $1ake] A7} 7

1850

g o] 44 o] EZA AL ol 44 AehslA)
At wlaste] oie AUa S1AAY el
oF 4 gleh. e} ek P elA e 219176 o
3 2 Jake W] wiel ek LE2% Alule] 3]
Ay oz 27|98 AT JREE 2 3

o7} §lek. kI A3E A% $15to] o A
sl AAElele A5 2 FAE Eal Alkshe
AIS1A) AR Ageln o AnkE B,

Alkel= vk} 9124 TD SAAE ©]-83F A$]
2 ARl ] AA AeE FERIs] $1ste] AlA| A
well RTKS 753kaL An]g 41715 AAJsksich
dlole] #583-e 18 29} 2k RTKE Hks} ¢
74 TD SAAE o83 A9l x] 2] ea=

AR 7 S=ok Z719AE Alshe 422
Fg3lgdrt. RTKE  #53b7] 918le]  NovAtel
ProPak-V3 <A17]5 o]g4sle] Bty w83
(E10)7& Al 71555 A8l 7]15=el4
T LARAAE Ao Adsy] $lste] M=
2] RF F4715 715553t Aol 22 AdA8)sick
2l2koll = NovAtel FlexPak-V2 441718 A=]sle] a1
Ao A2 AE gk

Aekol = #|H]4- 417] 2 Ublox EVK-6T F 71

a2l 2. A3
Fig. 2. Experiments environment

www.dbpia.co.kr



= A8 GNSS 41715 o] 83 ST} Sk At A 2] 7] A A9 A AR 71
A5kt A WAl Ublox EVK-6T §2217]+= 4A]d 2.4.2 FX| &8 |x2Y 2ot A sy
olEelE FHS53H) dAldlolE] o= $14 9] A= AR, % 4= AA AR ok 1087 FA53T vlolEE
F= 244, Wb S 54 5ol EPEL o] olgslel QAL AR F SA) e B
A0 Fgolo] FAE Bl AR Sl A @ slelek LAk RTKE ol gale] 74 A3e 3
ARe ALk T AWE FAVIE olgslel  gom T Alksislek axleld TRk e RTK

NMEA(National Marine Electronics Association)3
A2 ﬂii S48k Ublox EVK-6T W] oF
A2lES ol8sle] I=FAA] 7k X*EHH?F
gk = NMEAHZ ZAxz -3}
NMEAA EE o]-83}e] dubdo g Algx]= "*17]
= A9 Fgge) A2 sk Astich
o] Azh= Alokshz Arls]x] At o A%
Bl skl Sgsisick Algel AHEE 37

71e] FHAE BF 1Hz9) FHEER Holel

S
Rl
==

=

7P i e® Alsksidet. WA A A
2] el A oF 1044 GNS S FAl71E °]
dlele & 2‘6}“4

T ¥ 7+ 8 ]
4] GNSS 4417]12 o) &3] wlo|elS Salslgin). o)
A8S 3l T AFges Ao I
Zake] A= A Ax-2 v)wslch F

43573 17 33} o] 6719

a7 3. $IHFAel 245 GPS ¢4 wix]AdHE]
Fig. 3. GPS satelhte status

WWW.

= ol83l 43 AAE 71ESE 4m WS A’
Aolet WA A2 Alskshs AR AA7HE
ol-g3te] FA7 $1219] eakE FAIF Aoloh A2
A AL ARG palz]elA AR Z=544] 7]
Hke] Aeielx] AA7IRie] Aot

T by % RTKE 348

P 2R 27912

1€ I

SomM TR A AUEE Ml 2

o

Aste
2925 olgsto] Ari1

4 w) o 15me] BFeA7L el %

1o $A% vepdislel W} 14 TD
AR 7| o7 _r] ]w

=

FA

0.87m=E Jehdr), v mor|uke] A9l AA7)

W e Ak= oF 5.3melr] #
4o Aedt s Ao} Ro] =7

32 4. AA el FAE $1xe] o3}

Fig. 4. Error of estimated position when vehicle is stopped

dbpia.co.kr

A= 2.79mo] Tk
M 9l

1851



The Journal of Korean Institute of Communications and Information Sciences ’15-09 Vol.40 No.09

E 1. Alkshks s} AdisiH 24 e ¢A AU=
Table 1. The precision of position comparison between
TD and code model.

Code b
TD based relative ode based
e . absolute
positioning e
positioning
Mean 151 537
error[m]
standard 0.87 2.79
deviation[m]
Maximum 307 997
error[m]

A4 EE} TDE o]-8-7k "po] 4nf o]k AR
gl 4 oleh, eh akgiate] 2mm
o] owlz 4@% oAbl Aste} gl muksle] 2
27} vehd,

AYAIE $As1e] F7hQl 2281 FHelsh
gt a3 45 B vy A TD S #E o] &
& A9 AYoEel SAReE 2 )
A= debde HeD 5 300k A 94 e

T2 2HDrift error)Z 2719l 22 weko g
cwm s 7Rk zwa%% 27
7] A7) v e HetellA] dehdel o]eh
re aule] eak Wbl $1 SAAE AMgshe
1Eé Alz=glell 4] Ate]Z Esi(cycle slip)o] LA
79 Lhehdeh Al &3 Bl R Helsh)
2sted SdA13(150~170 epochyolld Wi} 214k
o] Wstere Hlshsih

) 53 205 1508 ool F 914e] v
S sl AR oS HAF 4 ek o]
<} 19.03cmed 75 *}Oli SHole AlE &
o) 5 kgt g1age] SAAL LL Hks} Tl
S e} bR 1 59 $1413u

ot
o lo o

T8 5. el WAIR T Slul w94 Msje
Fig. B. Carrier phase of satellites with cycle slip

3} 18W-2 19.03cmel] 7173 grakg Wkl o] Alo]
Z &3do] TATS st = 9lok A ) $
A TD 2Ax 2dL A3t u) Alo)Z &L 78
3] d9k7] wiatell @AfeAellA A 2Abrc)
2 o} sk AelF SRl st Mt
o] AR 92 -‘i'ﬂOutller)—"— 7Hxgko 7 A
A 4 Qe Aol 2 &7jo] W7iEl 1590 ol %]
225 AAT = YxF=A A= o}A] Falssd
) 23 62 ARE v |7} F45H) Wslsl=
Tk AAR AL FAF 4 9lrh
Aol Edell o7 Ak BAEE AR oAt
T3] 73} 2re] vehdrl 77 72 90410 A5
RMS(Root mean square) @ Yepd Aot} 247} oF
1038 9l IR 7EV|2 Z18He o 5 Q)
}Eb A 2el oF 125 0.005mH 17}6}-— A
= I 4 glrk oF 10%0] Avhd 3mA =S A
S X7} whAgk), wiw) 9k TD EA %S o]83h
ZFe1A] Aol A ol 1AATe] A )
AWzl AR E ] wite] WA 23h= A

olN

Tﬂ S ke g 244 AL ole A

% dFE AA o] AFeA yelE o
ehd = slek ob W) 914 TD 2478 e
o Az} R AR B8 el oiiE o
$AA 227} AlARIET 7Pgsld T Al(3)e] v E
00 i a5 sMslgiet. et AdAl e vlA|
& AF LA} EASEH o] ghe Algto] AR
A AFe 2 et Dok wmad Aulg 5
A7) A7) W) AAE ws- R gkl e

=

J7 6. APlF £ 24 F x5 49
Fig. 6. The estimated position after cycle slip correction

www.dbpia.co.kr



=i AEE

3§14 Ak A SAA 7] A A AA 7y

W
H

a8l 7. sF.2Ae] 2] st
Fig. 7. RMS error

o,

ko

o o] BAl2 <lsl 9k ] 2 WA b
olek. A4 gele] AP AsHE soksh W
TD Z4AE o143 el AL Aol
o SIgF S Ash AR F b LAl ol
At A stIsiole

A

o~

mMﬁ
:1"[011‘11_1,0

)

E

243 Y Mef 2IxZY 2 o 24
Xro

e A S ol o 22 5

0
= TEE;V\E ]Tr—"i 12.5m77]-7<] FAF Zi—io ut
°FS- 73-%- 2.5mo

w=

olck. 17 8oll4] $1xI+= ECEF (Earth-
Centered Earth-Fixed) FHZAZ A5tk
ARARE e FRAde) 271940

£ RTKARE 2431917] uhiel F /b by 27
lsie uA HALE ek o] 24 FHslA S
S5k Wi A A TRk el AR u

e BEE 2 4 olvh HE mAHE 4

gl 8. _r_:sg/ﬂ—ﬂ]v,] _A ZZJ 734,],

Fig. 8. Results of positioning when vehicle is driving

E 2. Ajkeks W A4
A= Wl

A 7ge) Fa A 9

Table 2. The accuracy of position comparison — when
vehicle is driving
TD based relative Code based
s . absolute
positioning e
positioning
M
can 147 3.51
error[m]
Maxi
aximuin 2.49 6.31
error[m]
BRl AR Ao th] Bohets Wl HAls &
2] e AL AEe wo) olhdt AL B
Atk RTKE o]-88f 343 ¢35 e +
7] Wl e AAR AHAAE H20 A

wel u}%uﬂr S TD 24AE Bt
oabE melRA FHe 25m7A]
o}, Wi 2= é 942 8T AsIA 34
35me] BELAE wolrl] Hol 6melat ¥
sk of A 21 A3 43 TO 244 ol
AbeIS1A) A1) 1o AeislA A4
20 o)} B 9145 A%E EEFS &

SIe A 27|9AYRE Be gl ol
W shisl a1 olgelel Ee el 9142

2 7 S Aoz ek

Al 7

au
(1
@
Z
n
»

o] gste]
3} 914 TD

+
[l

e

Ze
o U
Sk
%
g
o)
OE

i
o
N
17
L
o o
2
rO
ol
K
M
i
OO

~ N
o,
N
ok
fo
P
i
j':_l,
Ho
o

=
=2
3 o
e 1
o u
O b ot O dm AL e o ¥ o o

o
=
)

M
il

R0
il
e
op
]
3
o
o,
>
£
N
of

2
2
)

ol
o
i)

:
rn‘,
#

4,
2
i

]-o o
"y ﬁi
rlo Mo
>
(DS

&2

APt =27 wskA|
Ao sa3le] o g = Ak} #
Eg)| mr=x] 7]—— o]

| oz=ake

fr

P
) rT

o
>~ 0[}1
°&T
29?
)

1
o=

Sl 7@@71@1 o] 953
% = galo] 91224
7534%:— A% ssiek

Aol o84 eAaTE de) Aol

2
<5, ARt So st Zid e 2 A

e neh e Aol vebds Salslsleh zel
T B35l 9)H3A A5 ok 105 E9F 3me|uldl]

1853

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences

’15-09 Vol.40 No.09

S2sle] meoke] Aoi9lA el wste] of 4n)

=1
oAb sAlEl Aty o A= sleld 4= glglrh

S AR T AROAE A S ok i

5} 914 TD 24

83k A e1A] 2712 vl

14
5 AR f1A5A wile] | Zlom vt

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(91

1854

References

S. J. Blake,
time-differenced carrier observations from low
cost GPS receivers,” Ph.D. Dept.
Civil Engineering, Univ. Nottingham, 2008.

J. Park and H. Kim, “A study of the location
and shape of the ship using GPS,” J. IEEK,
Syst. Control, vol. 48, no. 4, pp. 86-93, 2011.
H. Bang, N. Kim, J. Keum, S. Park, and J.
Cho, “Development of quadcopter drone for

“Heave compensation using

eThesis,

safety guide service at night,” in Proc. HCI
2015, pp. 217-218, 2014.

C. Guo, W. Guo, G. Cao, and H. Dong, “A
Lane-Level LBS system for vehicle network
with High-Precision BDS/GPS positioning,” J.

Computational Intell. Neurosci., vol. 2015,
2015.

S. Son, H. Choi, H. Cho, and Y. Baek,
“Location information reliability-based
precision locating system using NLOS

condition estimation,” J. KICS, vol. 38, no. 1,
pp. 97-108, 2013.
J. Traugott,

“Precise  flight

time-differential

trajectory
reconstruction based on
GNSS carrier phase processing,” Doctoral
dissertation, Technische Universitdt Miinchen,
2011.

D. Han, H. Yun, and C. Park,
ambiguity propagation method for a precise
GNSS
measurements,” J. KSAS., vol. 37, no. 7, pp.
678-684, 2009.

S. Godha and M. E. Cannon, “GPS/MEMS

INS integrated system for navigation in urban

“Integer

positioning  using carrier  phase

areas,” Gps Solutions, vol. 11, no. 3, pp. 193-
203, 2007.
D. C. K. Yuen and B. Macdonald,

based

“Vision-

localization  algorithm based on

[10]

[11]

[12]

[13]

[14]

landmark matching, triangulation, reconstruction,
and comparison,” Gps Solutions, vol. 11, no. 3,
pp. 193-203, 2007.

C. Park and P. J. G. Teunissen, “A Baseline
constrained LAMBDA method for an Integer
of GNSS attitude
determination systems,” IEEE Trans. Robotics,
vol. 21, no. 2, pp. 217-226, 2005.

H. You, E. Lee, Y. J. Lee, G. L. Jee, G. W.
and H. S.
characteristics of GPS carrier phase,” J.
KSAS., vol. 33, no. 9, pp. 66-72, 2005.

M. Kirkko-Jaakkola, J. Traugott, D. Odijk, J.
Collin, G. Sachs, and F. Holzapfel, “A RAIM
approach to GNSS outlier and cycle slip

ambiguity  resolution

Nam, Jun, “Time difference

detection using L1 carrier phase time-
differences,” in Proc. Signal Process. Syst.
2009, pp. 273-278, Oct. 2009.

S. G. Park and D. J. Cho, “A performance
improvement  on applying

measurement estimation in urban weak signal

navigation

environment,” J. KIICE., vol. 18, no. 11, pp.
2745-2752, 2014.

J. Park, M. A. Jung, S. Yoon, and S. R. Lee,
“System design for location determination
inside the ship,” J. KIICE., vol. 38, no. 2, pp.
181-188, 2013.

www.dbpia.co.kr



=/ AH]4 GNSS A7) o] 4-&

S AR A FAA 7] A AR 24 71

Ht 3 £ (Kwi-Woo Park)
20139 2% FEoiEw A}

<A Hol> GNSS, H5FEmA

0| & M (DongSun Lee)
20149 24 FEdista A}

=]
=

=

Z+ Al (Chansik Park)
19843 24 : AJgoliska AJoiA|
3 &4
198613 2% : A SH3 L Ao A
et AAL
199741 29 : A-gtshar Ao
S
19979 3L~3A) . FEsky
HAAA 2ot
<FAlEok> GNSS, SDR, "IAAEA, 2xls14

1855

www.dbpia.co.kr



	저비용 GNSS 수신기를 이용한 반송파 위상 시각간 차분 측정치 기반의 정밀 상대위치 결정 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 결론
	References


