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A Study on the High—-accuracy Position measurement GPS

Using Carrier phase
By
Jung Keun Kim

Department of Control and Instrumentation Engineering.

A Master’s Thesis in Engineering, Korea Maritime University

ABSTRACT

These days, As a variety of transportation media, the importance of
navigation data is getting bigger and bigger. This navigation installation is
the most necessary part for security and operation of the transportation
media on a right way. There are many studies of investigation and develop
to obtain.

Laboratory experiments utilize a dual configuration of MPC860 DGPS
Adaptor Board. Outdoor testing was realized by RT - Star on a vehicle, along
with a RT-Star base station located on a surveyed rooftop control point.
Communication between both was performed with a modem transmitting the
messages encoded in the RTCM-104 format at 9600 bauds. The wvehicle
followed a route with a surveyed geodetic marker situated along it.
Stop—and-go operations were performed at the marker.

This paper will describe the test scenarios, the setup of the test platforms
and the results obtained for the series of experiments. It will show a

10-centimeter level accuracy can be obtained in real-time under many

kinematic scenarios with a Carrier phase GPS Receiver.



A1 A& A=
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2.1 GPS T4
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GPSe W= SWdelA edsts @
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Alz=gloz 2871 94 (Satellite) ol 4]
WA E ARGRE AT ot Mk RA T AHEATE A2 gl

Aglol olF Azl AAe 33 AAS A E £EE HAT S e 9

dH 3 g Aot

GPS+= @A 2870(25+370 2] <u]$14)e] €1/ 1 (Satellite constellation) &= -
AEo] Aok ZA7te] 9 Ao A=W 559 Alx A (Inclination) &
zt= 6709 A= 4~571% Bl X E o] % 20,183~20,187[km]o 4] 11A]7F 58
ol #7712 =31 Atk ol¢F 2 a4 A widE AT o= A A
T4 olde fAdEs #5E F UARE AAEAY. =3 BRE 94dS Cesium
HAAA 2789 Ribidium AARAAl 20E 2E531 =], o5 AAE aFol
10 B~10"4 WY ox= Zau vk a9 21 GPS 9ATS YER Aol
]:]_[1].

9 2.1 GPS 9+

Figure 2.1 GPS Satellite Constellation



2.2 GPS 9184 &

RE GPS 9AoA wAlE = AlEE PRN(Pseudo-Random Number) 3=, 3}
H WA A (Navigation Message), "F&3H(Carrier) 52 A7FA 2152 G4 5 o
Ak & 21e GPS 9149 AEAHES e Holg

Components Frequency (M)
Fundamental frequency 7, 10.23
) L1 154 ¢, 1575.42 (=19.0cm)
Carrier
L2 120 £, 122760 (=24.4cm)
P-code 7, 10.23
PRN-code
C/A-code £/10 1.023
Navigation message £,/204,600 | 50+ 1076

3E 21 GPS 91449 Alsd &
Table 2.1 Signal components of GPS Satellite

GPS #17doll Add BXaE= aFoll 10 BARES A5 THA L 7| EFug
& ST L-band W& 25 L1 L2& g0 A5 walA wsolxith
S A= 9] WMxHo A7 YEAAt A EES A
G5t v E HERAY e ZEES 0 19 27 =2 FAE 03 19
FEl7F 9 wjuio gkEmbe] 91448 180°ShiftAl F] S 24 W Z7F o] FofZlt
GPS S48S  Lih=acos(Fpe WEHA &2 wkEuto] g~
C/A-code, P-codes AHolA ®x3 o AEE DARST Wz dkEat L1z
L2E 4 @D 2t



L1(8) = aP(DD(Hcos(f1H) + a,C/AHD(Dsin(f1?)
L2(t) = a,P(DD(?)cos (f,h)
P(t) : P-code, C/A(t) : C/A-code, D(t) : Navigation message

2.1

& ak= Llo] 1.57542[0M ]l a1 L2+ 1.2276[0]7F AF-& € o
W 22% wEste] 94Uz B ehd Aol

LI

Cycle

Carrier
V4 V4

Code

/\ /\ Modulated
\/ carrier

Figure 2.2 Phase modulation of carrier wave

PRN #Et 278tel 2= g1gni AfaEs) glojd, Fa7]E o =

2 Z+7Zbe] 9 S TFEsHAl ¥ (CDMA, Code-Division Multiple Access).
PRN # =9+ C/A(Coarse/Acquisition) =2} P(Precision)Z=2] 2771

=), 4 2.1DA e Zo] C/AZE=E L1 v atoyt Agla Pa=E L1 L2

we] Aol AFHth WIAEAE CAREES oG8k HEZ A1 A(SPS,

Standard Positioning Service)Wt o]-&o] 7}53std], o] =& 10230 EZ 445
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of gJom I[msec]vitt wWHEHT PIE=E o] &

Precise Positioning Service)= TAF&oly 37FE AF&A ko] o] &-o] 7}53}r},

]‘":_1: ;(C-])Delt_%__ﬂ/\‘] H]_/:(PPS,

P3=+ GPS week® 15ult} whE-Ech GPS weekts 1980 19 6Y o] & 7F

B=)

& FUdFE, fF Eoddy dad Atold A4S Vo R FUteAl €k
A A= 50bps(bit per second)d £E=2 HEH+=dH, 3 Z# A (Frame)
o] Hol7} 15000 Eclu =z & ZyQle] ARE FAle=ds 3027 A8 %Y
AT FREAA = 25700 Zeldom FAE o, Zhzte] =Zyde 4
o] 7} 300HI EQl 5719 FEZ# ¢ (Subframe) & Yol AL

2 ThA] Zol7} 3041 EQ] 10719 Y=(Word)® A5 o] St upeha] FZg <l
s e dgtede 627 289 283 FHHEAAE HE] A

= 125 307} A%t 29 232 SHUA AL 7| E¥E

2
o
i
o
e
Py
9
by

1 Frame = 5 Subframe | 1 | 2 | 3 25Pages

6sec

¥
1 Subframe = 10 Words T|2|3|4|5|6|7|8|9|1O

0.02sec
> |«
1 Word = 30 Bits LTI T T T T T T T T T T T I T I T I I T I TIITId
h 0.6sec ”
A complete message = 25 Frames = 25 x 30[sec] = 12.5[min]

g 23 A e A RE

Figure 2.3 Basic format of Navigation message



2.3 GPS9| ArtAE SAHEH

231 =S o &F ANALY 27

o~

a9 24= ZEASE o]§ste] gAAYE SAsE HEE HEH

O

2717y S A 5ol d3t(propagation) A7FS dtvb H™ 2 (2.2)¢F Zo]

dr = dryy,e + dt — dT (2.2)

&+ ar A7N7F FAF A5 e Arzk
drr @ AA AT AN
dt D GPS 7]EAIZ e thRE 21 A Al 2 AF
dr  © GPS 7]EAIZbel 3 A7) AlA @At
GPSTime
Receiverclock | . Satellite clock

_I } | | | Code generated
L_I | | | in Satellite
_‘_I |_ | | | | | | Receiver Code
J I_l | |1 | | | Code generated
: in Receiver

»dT«i

satie 1

v de v

a9 24 ZEASE o] 8T gAY S

Figure 2.4 Principle of Pseudrange measurement using Code signal



2 (2.2)0M  gre 7] (correlator) & o] &8t e A W, o] grell FEHS ¥
st oAA Y "Av 1A °F 20200Km =e fjAetH A2 ke
C/A m=9] dAldeol= oF 300Kmoll sfddet. Al7]e] thefael 2719A=
o 9Add FA7] Abelel R e C/A ZETVE EAGEAE & F Ak

GPSolA SA == drAg = A3 FA7Ike] AAAge fgol F7hd

SAA o QA ES ETIE JAAE P thE A (23)3 Zeo] e
T At
P= 0+ 6y + diy + dyy + Cldt — dT) + M + v (2.3)
o o DT FA17IE A AE

dt — dT = 8% FA7] AA Ao A

Seph CAAAE o
ign | 2% A g o=
dirop i Aol o3 24}
M tUE 2o o3 o=t

v F=A 7] = RS

232 Wy A4S o8 JdAAZY FA

g 250 vEE S o]gstol XA S FAske AAE HERIT

k=31 U] EAl S (carrier beat phase)T Ao ZHE FAISH Aset =217] U

R
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A ol A ol REEOIA A7) AdlA FAlE Al

to A3l REEo1 A2 RE vbEa NEANSE 4 (24)

o, og(¢,) - NFET MEAS

d(t+ 60 = ¢(t) — dat,) (2.5)
A7 4ot = t,—t, B HAFH 2 265 2= 5 drh

dalt,) = ¢'(t) + f(t,—t,) (2.6)
da(t) = () — dat,) = —f(t,— 1) (2.7)
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ﬂ(}arﬁer Fom Satellite
\J@ceived Carmier

W\ Beat Phase

8

IS v

é = . [Pr(®p = Fraction
of cycle

9

g Int(g:to, 1)

6 : . = No. of full

5 N(to)= Initial integer - cycles receiverd

2 phase value

___________ W S

a9 25 g g4kl S44e

Figure 2.5 Principle of Carrier phase measurement

T, AR S AE Ak A5 AAZE AEeAl 717k A

A gomE £V AW WES A ¢S HF FE Hgae

Do =—F (L,—t;) — N(t,) (2.8)
2] (2.8)°1 ] N& m A A 4=(integer ambiguity)&tx F21 3 7jo] = o of

o] & sle] MAAFI} =R,
17 25004 B vhek o] o Azt el A AA AR 4, (1)
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h
b (1) = [ FoE)dt + b (1)

= Fr(g) + Int( ¢ ;¢, #,) - N(¢,) (29)

AZIM, Int( ¢ ;t, 1) = TAZIZE ABANZE AS AR ol F nkEa 4
3 (carrier tracking loop)®l A<t Alo] XIZ(VCO ; Voltage Controlled
Oscillator) 2 F-8 SA == 949 ¥sS A% HE&et & 348 ded
7hEHE stuH SIHAIA A2 ghelth

M) AoAk @ xpaclel o8 4 (2.10)0] A HETH

to_ts — (dt _ dT) + o — dion + dtrobc—!_ 3@[)}1 + M + w (210)
oWl AZF tll A FAE = WES A g (DS
braa () = —F+(dt — dT) — Lo 2.11)
= Ll + dyy + S+ M+ w) — N9
o(H) =—2A D Total (H = o — Cldt — dT) +
+ AN —dipy + dpop + Sepp + M + w (2.12)

4 (212)% ALl welE 2a 943 £ Aele] AE ekt

e, RN S wES gAdE MAgEt g gonw
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o wbEa AASAA A FIE £ AgolE ETsta o] E o] &t
olfr= ts ARl 9T exet 217 FAHZSe] A (23)9 A=E o] &% 9
ArA S8 Aol vlE] D53 7] wEo]th

FHre] Ao oetd A (23)7 24 (212)9] oJAbAE FAZ A A HEs A
A PHFA Kdex 2 vEAR 2 xE= 12k Gauss-Markov ZEA AR =24
7] 432 WA 7k9-AleH(white gaussian) F&oZ Rdy s 4 gt}
Gauss-Markov Z2A|~%E 2] (213)22 #HdEE 242 3 AAF 1/ o

< zr=g

T

R = dbe #* (2.13)

w3 A (2.14)2 Gauss-Markov ZZA| A~ vERH 4 9th

karl _ e*ﬂAT + w, (214)
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289
94 A= EDBHR( ) AI886ec)
A3 A 50 m 1800 sec
gEdE XA 20 m 3600 sec
S AE(C/A BF FH7) 50 m 600 sec
SEARC/A AR 0.25 m 600 sec
03574 Z(P) 1.0 m 600 sec
o7 Z (L1 W&t 0.048 m 600 sec

¥ 22 GPS x4 x2 9o Gauss—Markov Z A2~ A4

Table 2.2 Gauss-Markov process constants of GPS error model

232189

C/A =, JEF A17) XD ()
C/A 3=, {487 0.1 m
P 3= 0.3 m

L1 &3} 0.0019 m

¥ 23 GPS F2171¢9] =A%

o

=

Table 2.3 Measurement noise of GPS receiver
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2.4 GPS #HLA}

GPS Al&= 29 263 ol oY 7HA9] eatedls x3sta vk 9140l

ogt Aol = AR A&, YA Al ex7F dom F217]el o]gk 9 xfo =
FA7) el AR UFEAEMulti-path) ©A7F 9, A Al o g
ok AeF Adw hFH A9 Fol vk

Satellite Clock Error —_

Ephemeris - _

__,----’"'-T\i.mns‘phnrir: Delays
v Multi Path . T
™,

" Receiver Clock,etc

9 26 SHA AR

Figure 2.6 Error source of measurement
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¥ 24% SA(Selective Availability)7F $1& Wl GPSE o] 83 9% 9 A7t =

AN IS Fe LA ES HE Aot AR SHE s = olH @

A8l of 21 2] [m] a4

ARA= 20[m] A4 A% oS 74
dyF A 30[m] L13 L2 W& A AREstd A7 7Hs
dFd A 10[m] 1% - FF7] B2 Sl B

= At 10[m] FA71e 3 2 A

o 70[m] C/A-code A&7+ 3912 24

¥ 24 SAVF §1& W LAHEE

Figure 2.4 Error components without SA
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Al 3 % GPSE ol &3 HAAZEAE WH

g9 WAAZ ol g3l GHAA A, ALz L AFAANA A @
a2 Rt 943 FA7] Ateld oAAY HAAE A4 G1 gel #

b, = p +cdT + v; (3.1)

Gou=[x vy 217 @ FATY A

(X, Vv, z]T 914 9 $1A
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0 = \/(Xi_x )2+(Yi_y )2+(Zz‘_2 )’ MG IR R
AAA

b, P AN AR oA ZAA
B

A=
C [Cha]
v; - QAR A o AAHA = EE A
= 1’2’ ...... n
R NEH u, =[x, v, 2,174 A GDE AL 74z QA A
(3.2)¢F 2t}
= ol o+ | st o0 Su + - (3.2)
O O u du “ u 827,{ “ u .

A (B2)A 227 oS FAlstaL AdEstetd vso He At

b = o;il w T g;z ou + cdT + v; (3.3)
0po; 0do; 0dp; ]
13_ o I I i )
’ op; oxr  dy oz m&u + cdT + v;
0p; = bDi — 0,
ou = u — u,

4 (33e 4 GO Aead, pt A GH= T
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ou
8p; = [h; 1] + v, (3.4)
cdT
n, = [x—X, yv=Y, z—Z ] (35)
loz pi loz wo
mebA, n7ll e 9144 S o] &3St 4 (3.6)e AFstE SAHAES AT
hl ]. 374
op = I = HSu + v (3.6)
h, 1 cdT
wekA], 1A e} A7) A A A= A (373 2ol FElf T
Su = H(H"H) ! & (3.7)
271938 AgHoz F1u 4 379 9ANeRE T F oA BYFHm »
Ao A717F dAIA oY= Eojo HF AE S
3.2 130 A4S o] &3 AdYA AAH
FOeIA Ao A7 e er Agsts eAE ArE7] S8
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3.2.1 @Y x}E(SD : Single Difference)

3.2.1.1 4713 A

a9 312 7 AV A B dAAES] Jide BoEd. 5, 7 FA7ITL

Oup(D) = Op(D— Oy () = g (D+ cBag+ ANap+ M+ wyp (3.8)

&0, 0 A ARl 1A jREE ST when 9
o, @ 527 BolA 94 j2RE 24 vt 94

SVij EH

A

M

= %]

S 31 AR W 9 54

I\

Figure 3.1 Single Difference Carrier phase measurement
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3.2.1.2 A3 A&

FA71 AdlA A4 o pREEEH 42 SAHAC st AEE HsH o

B} 947 AR

e

34e Qe

okD = o) — @4 (D (3.9)

= ok () + ANK — & + 0k + ML+ wh

AL AEs Astd 7] AALAE AAHAT YA eabes FEHEHER

ne
=
2
o
fr
do
oX,
)
)

Broms AbgEA gt

3.2.2 o] Zx2}£ (DD : Double Difference)

Vi) = (04D — 04 (D) — (D4 — @4 (D) (3.10)

= oy (t) + ANEp + ME 4+ Wh(t)
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/| = Héx + AN + w (3.12)

k k k k k
Xo— X Xo— X ) (yo_y YoV ) (ZO_Z Ro— R )

k k k k k k
O ABo 0O ABo © ABo © ABo 0O ABo 0O ABo

M = [dx dy dz ]

9 AL 3+m-DNe WAFE EE el
B&® g epochd] SAAE & 7T = flvh. webA, 2] epoch® FAHAE
AbEStH e FE ¢ T AR A
3n+(m-1)7h¢] mAFE E¥atm s FA| g

4 (314)9 =245 wF&of e 7+ vk

(m — Dn =23+ m — 1 (3.13)
(m — Dn =>3n + m — 1 (3.14)
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3.3 GDOP(Geomatric Dilution of Precision)

cov(du) = (ATA) 'ATcov(sp)AT(ATA) ! (3.15)

FAE AxeAE A SHeA 40 WA oF FFe wor] o

g
AAR EAH AL 719 A5
Q_'J_:f

>,
foi
o
[-'N
%
r U
o
=2
lo
ot
of
ok
o
e
rr
)

ERE

o]
o GDOP2 4 (31622 Aolwr},

111
J{m
o
o,
i
O
(e
S
o,
o
Sh
r >
o2,
e

8
S
§>i

av
do
O:Oél‘,
A
t
i
>4
X0,

GDOP = V tr{ATA) ! (3.16)

6.2xx O%cy O%vz O%ct

Ozyx O%/y Ozyz O%/t
& ATA) T =

azzx O%zy 0222 O—it

Oztx Ozty O%z O%t

%, GDOPE oA AT 4047 AR $EH: AEg Jehn 4184
7h whebris s14e] slsietAel wAe] o8l QT DOPgkel A A
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A4o] Figel WA REE o Qu, DOPgel 2 Bl f4ol & Rol &
9 Qe AeE UEdt 4 GIDAN &, &, A, GE A BARE
o, FEHNE oF, DR, £47] AAeAE etk E3 3349 9179

#EE 3L PDOP, 239 W9 x+= HDOP, i1%5= VDOP, F417] Al A S 2t

HDOP = \ &, + o (3.17)

voor = \ &,
TDOP = V &

AA A= oA A Y FAH Ak GDOPe] #alxd gho] ¥ == GDOPe A3k
< T 23kt GDOP9| ol 24 HAaA = 4 (318)2 veuH, 7hA 914 2] 7l

F7b a9l ASE Vo7t HE, AN gel FAREE T ghol BaTe o
& gl
- 10 3.18
GDOP | in ¢ No. of Satellites (3.18)
we 4 A8BSE DOP @S 2 F glomE Ao FANEL o
ALE whatel ol BE 948 Afad] AE Fart o] AMA FA
o,
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A 4 7

i

Az 7d 2 A4

41 IARAE Yx=A A 2= FA

BoATAE wET A4S oW uAE AASY GPSE TN/ A9

. Tx Rx .
éé Satellite Pseudorange Pseudorange Satellite éé
KEQM' Correction Correction Signal j7

] | | [

MPC860 MPC860
GP.S —»  Signal » Modem| | =) | | Modem—» Signal — GP.S
Engine . . Engine
Processing RTCM SC-104 Processing

Base Station Roving Unit

a8 41 2AE J9x=4 GPSe TFAE

Figure 4.1 Block diagram of High-accuracy Position measurement GPS

A"l Ao AbgH F the] GPS 4417]+= Canadian MarconiAt2] 123
9 FRHEZA FEGS o83 oAb AR BRE oYl wbETl 9IS A o] Tt

ot AAEAY. o] GPS FA7|A E95 = HolH= TTL #¥We A%

ojE® MPC860 HE=ZS ol&ste] HolHE st mAAsE 4T § o
e ol gstol A&stA T3 YAHARE A=l HERAT GPS FA17] ¢

MPC860 HE=5 g&3st7] 1% GPS Adaptors 24 AASte] 2elS F3hd
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HolHE F541 st

a9 4.29F 432 77 GPS 21719 MPC860 H =
44+ GPS Adaptorel MPCR60 HE=9} GPS 21715 A& 2xlyt &7
WA Aotk a8l Y 45%

295 ek Aol

et
iv
o
£
Y,
o
H

o

2 FA4 3 Carrier phase 417 EE5& 1}

A TE AES AmA e

o
ol
K

19 4.2 GPS FAl7]

Figure 4.2 GPS Engine
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R e

TN

a9 4.3 MPC860 R =
Figure 4.3 MPC860 Board

1% 4.4 Carrier phase 5417] &

Figure 4.4 Carrier phase receiver module
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g% 45 #3% =9 =Y

Figure 4.5 Coordinate display program
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a4

4
o},

P
©

6 Base station?} Rovere] AthAgES 3817 93 =219

ftlo
T
o,
e

Fila Display Target Mew_3/F2 End_S/F3 Scale Window Help

Range (m) 15.01
Display Origin (620615, 4025352) “Rover "Base
30 40 50
0 : E(m)
GPS Time 23457.0
-8 PDOP 2.4
X{E) o.48
¥ (W) -11.63
Hgt -0.34
-16
Direction
To Base
-24 371,61
4
=32
Display Gwmgin (820620, 4029348)
o 10 20 38 40
" : ' ' ’ B
H {m)
B P2 Time 23457000
P 34
[T - )
Laft Offeat 0.000
=18 Track te Target 0. 000
Bearing ko Taeget 0.000
Bange ts Targe: 0000
-4 a
-3
Hin)
&
O 46 AAY 9 Z29

Figure 4.6 Relative range output program
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