Joumal of the Korean Society of Civil Engineers ISSN 1015-6348 (Print)
Vol. 34, No. 1: 341-353/ February, 2014 ISSN 2287-934X (Online)
DOI: http://dx.doi.org/10.12652/Ksce.2014.34.1.0341 www.kscejournal.or.kr

GPs AR A= TLUEHZE {0t HESTIH HZHI0(H

=HIX8+ 8

it

FUNEFAEEIY

=
Lee, Hungkyu*

An Instantaneous Integer Ambiguity Resolution for GPS Real-Time
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ABSTRACT

In order to deliver a centimeter-level kinematic positioning solution with GPS carrier-phase measurements, it is prerequisite to use
correctly resolved integer ambiguities. Based on the mathematical modeling of GPS network with application of its geometrical
constraints, this research has investigated an instantaneous ambiguity resolution procedure for the so-called ‘integer constrained
least-squares’ technique which can be effectively implemented in real-time structure monitoring. In this process, algorithms of quality
control for the float solutions and hypothesis tests using the constrained baseline for the ambiguity validation are included to enhance
reliability of the solutions. The proposed procedure has been implemented by MATLAB, the language of technical computing, and
processed field trial data obtained at a cable-stayed bridge to access its real-world applicability. The results are summarized in terms of
ambiguity successful rates, impact of the stochastical models, and computation time to demonstrate performance of the instantaneous
ambiguity resolution proposed.
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GPS sk AL ko] HEIUIE] 55 91220) 520 2015 A1 whh Bulolelol okt sl vl 248 Agskel 40 715)
Ae) Hrshs Zlo] WA olth. B =RolAi= GPSH] o8 A7t 728 BUE PO 58402 A871ew b BEvlolE 7k
B AR PRS0 ;

elS A elck o) Siskel el A8 GPS £A17] o Wels) L UIER=E +or 0 2 waslal
S o ALATH B G NAF YRS AAF AASAE o] Aol FHsNe) A PIE 919 A58 he A
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LME

Y BEETEEe] 7 EUH"ES dedos 73t Ay ¥
< &9 s ARSRe AT S kes AR8silo; Ak
7] % AN B 7)ee] 543 e s s A5A|, WA,
WA, 7IEAS} A 53 22 ANES BEste 28
SkaL 9Jti(Ogaja et al., 2007). FZ 74 T AuFES

& AMER 798 AlSde] AI2HE 75381 AEdow
I H9)E RUEE Sk ¢l y(Kim, 2007; Byeon, 2009), o]=
AMEL T2E U 20 tigk Joie] S7gnte] 7hsst
WS 7 ek ofg s 918 A A
¢l GPS (Global Positioning System) 7] &= g8slo] -
B ARS WUER sh, 1 54 #4959l At AsEe
2 o]FoJ)aL JrKLi et al, 2004; Ogaja et al., 2007).

1990t} ZHto)| o]F0izl FF(kinematic) GPS ¥Hea} Al
Z9](carrier-phased based relative positioning) 7<=/} 1
AR FE(RTK; Real-Time Kinematic) . 2 &, 115315,
EMISh e TEE WUEP) A 9% BT ARSIt
(Lovse et al., 1995; Ashkenazi et al., 1997; Ogaja et al., 2000).
BESE 20008 Tl o= 417 SR ANgkL 914 Z1skral
A = GPS 59 3| S5s7] Ssle] 35 715A, oAV,
T AE FEAElE S13F Tl A7t oFolitiRoberts
et al., 2001; Barnes et al., 2004; Li et al., 2004; Ogaja et
al, 2007). IUjellAE 1990 5RF GPS-RTK G+417] =92
Al AEss BUEE 317 913 A= FE ARkt (Park
et al,, 1998). o]% wel} 1ZEAEE thsl 28-4(Sohn et
al., 2002; Seo et al., 2004)3} o]& 83} A|2=H] FF¢ Tzl
24 A% BAL B 918 AS0] o] FolArhKim,
2007; Kim, 2008; Park, 2010). GPSE &85+ +-2& RUHH
w SUle] Al oS i, A @il 22 ofsAle]
32k S1Ae] Y FAE w57 HHo® /e 48 RTK
A=El $Ae] AZE oS ARESaL Qltk e o5 e
NEREE TEE BUE"S S8 AAF GPS 4] ofF
Helet 74 7 UIEHAE 514 Byl $3Es] vhedskaL
A 7] w1 S Hist sk A7 vk

GPS Wigzo]] oJ3h F2 Z9jolA AEWE] 5 e dHe
dSlelgell Eeslal = m|APg4(integer ambiguity)©] g}
g AR o = 7hssitk ofF Sl ESHS 7 7] dST
o]E|(ambiguous range)E HeHIE] 45e] AUEE 7|
g Age wgkele 8H FAR] m|AA 2% (ambiguity
resolution)e] T, GPS 54 ZJolAe 4ok 2w

HH(integer constrained least-squares)S -8-5h= Zlo] dvkH]

[
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Zdlols =X 24

o]ti(Teunnissen, 1994; Han et al., 1997; Verhagen, 2004).
T A7) o)F Sollis %A ¢ke A5 vls) 4751
R ARG & 7 Sl ISHolEle)] AlRle R Al 4 A%
7} sl arde] 7] v nRPgrE Aldsial Akl 27go)
o]ed2-0] Itk Teunnissen, 1993; Lee et al., 2005). w2hx] GPS
2 S9lxs A Aol vAPS FEnks FEAske
OTF (On-The-Fly) 7" AR&-3hk= Zlo] dukao]r, ojuf mj#]
A 2715l Hagk AR $14 TIslae) RkEshs e
u} 2olA S]] @) Hofimann-Wellenhof et al., 2001).
o] 7H& 2715} o|F AlEeh(cycle slip) @do] LAY o=
gk 7184 WAATE ARl witel] ZRAIS QRHoe] vho.
v, 27Isbt "ash 74 1 7RI sdele Bk Y E90E
) ke e Bobssick wak $14e) Z1skrz wslel el
ulAgere) AARte] Wask, AswHad] vt A1l W]
%o] Baslo] 1 shaelEel B3t ¥ ol ik olo] et
1990t =3 1wl o kA E)(precise pseudo-range) W= 715
gk ofF Fal A7) TR 71 10km Wiejol) digk <=7t
A|AQ4= A3 7] (instantaneous ambiguity resolution)o] 7i3t=]
SIti(Han et al., 1996). o]A-& GPS 21717} vkgule} g
PEE 5 S wf v} 31 ollEE=(epoch)el] thell SHA o=
v =7 mARSE ARk 7otk wEb Alsebdst 914
7Istz el Bas o dalglgEs deA] ool 7xE
Ao} ApFEe o2 oo} e @ifo] HIMskA WAsh= GPS
TEE RUEY 39 Sl Attt 28w Eeal |
AT B e 9149 skl FEskE oAl 2 JEE
wow, 53] ¥ 9)4do] 570 ol HAY v AR Jo]
ARE= AS 2 Aol AstetiLee et al., 2004).

B =RoME GPS HAARE F2E RUERY] A4
B ASFEE el olF T olFARE BSH|olE 9] vES
= 7R By 73 AE 5s 7IeH TEER1o R Rigdet
of Ao HarlRrtel ol argels Fgske U] HxE st
o Akl s H3P e Alke AZE 0] MATLABS:
B3l AR A& TFsskes skl Abdal P2je] Al wegel]
gk S diolEE Alste] Ao A8kt ekl

2. 401 g0}

21 BEWTA

GPS 2ol oJ3} 7= BUEReM= tii2e] B9 7=
I} olF= Ae] At o= AerlE Wi9] H=s dAjeh] il
F=|olEld]] o]F2(double-differencing)S 3= 4% 94
A 221} ti7]Y Gt e 7)) w2 @ x|(distance-



dependent errors)’ 5] & & & 4 Tk wEP ASA)
ol w2 Q |(site-dependent errors)’ F THAE kS A%
= OfelE 7P, 91 g} o] olg AR Nkl Bl SppEtE
ZIET(R)S] TR Xy, Yy Zp)St ols=H(1)9] 2713
(Xpy» Yo Z)oll el dR3ksto] that 22 WA Ao= yet
¥ 5 ol

L;]R[ = aL)](/AXT+ A]\a]m + ng(r (1 )
L;%f;r = a’i)](TAXT+ 6%171‘ @

P, LY o} Lil = ukswisl XA o)A 2]
e ARRE 9] ZIsiAEE xRk Ad9st dSdleld,
Nifry E Wat v|A8s, 2831 ¢ . e & VS oItk
o) & w=Rol s Fuke} Etlole] 43S TR
Q13 olelHAE ARESR L1, L2 el wksvl(¢), oAAE
(R B718190) B3 af &= $143-7417] AP 7Kline-of-sight)
W, AX, AAAEEA(ECER) ol tigh 27)a3%s}h 43138

AJolo]c,

OFE=H T)2) SARBHX, Yy, Z,)E GPS BStole] 43
5} 27380} U kS AH8310], ol TRl $1g B
© Bq. ()= vek % itk 271 olde] ofgto s e Ve
R 1ol Sgehs W w3 & gk

Og001 = L3 AX, + VAX,,’ 3)

SV, 0,7 L& DoEle} BB ol Fhe 7]
& Uepe, 1, & e

0o
=
e
oz
o

%5& AH3HE GPS #3 UlES] =04 o5
23] A AAjste] wlo] FiH3l W] el
okl 7Pgeted, 24 713 1, & GPS 2713f3te]) tigh
& Eq. (4)2h 23, vIEY 9N FA4
FRy e & Slrkh

gy
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(/=)
ottt P
oo
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il
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Lig, = Prao = BrgAXy = BrgAXy +e, @)
with
| X=Xy, Yo, — Y, Zp, g,
By =

J

PT.7,0 PT.7,0 Pr.1.0

& AR 713, Ea e, e 71e] el

2.2 gy
£ Arelx] Aok HaAEs 283 GPS ofs= Y

L=ApXy+ AuXy+ V ©)

7|, L& BETIoIE W), 4, $14-5417] 714 wE)=
TAT AFBE, Ay PR i AL bt s
& 922 o o, Vi AIEH, X, X, v
B2 747 34 AR} R A5ol,

Eq. (5) $=rador] 83 W« ARE-shE B5TolE o
T el wEl g, ZiEs(R)F ols=( 1)l gk
‘7| M(baseline)’ 12)al G2A17] 30) oo = FHAJEE YEY
Snetwork)’ 2 T3] 283} sleirk ©d7PdolA m 7l GPS
OlF2RE HSHCIEE HS38 B, ol TARRE 753
SrEELE Eq. (6)3) Zo] 7 & vk ol Fgsfof &
R4 X,= 3] 281 X2 2m7i7)F "ok

A“'Rln
AB{ : (62)
3X3
N
A= 6b
N {0(27n+3)><2m] ( )
L,
L—[ ozzﬁm} (6¢)
03><3

S, A, g 1 7FER(R)F ISR T1)0) T 4m > 3
OREARE ANIARL, Ly OFETIF GPS WSIHL,
L, )% WAL, L, o) dmx1 s} w3
B, 2 N 2m < 2m vRE5] Tig Al ol Egs.
(7)~(9)7} 2t} w3t o] 23t A4 Ty B =Fe] A

A ARg3IATE

A
= Q a Q
Aa‘R]Tl - TRT.mx3 TRT.mx3 TRITmx3 ‘TH‘T‘.WXK] (7)
_ >‘L1[m><m 0m><m
N=1", AT ®)
mxXm L2"mxXm
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GPS AAZE P28 el

_Ir L, L L r
L(,“?H,RlTli[ Pr1, PrL2mT, Rm,/a’r‘ RLz,la'r, (9)

TVEFH(R,, R,) 2tHo} 015 T,) 02 T8+ U[EY =] ths)
A= Eq. 10y 2] 233} & = glow, o]& &3l F7dsfok
R WA X,E 30 283 X2 4m7fo|th

7Aa,R1 7
Ap= Au,l?,zT, (10a)
L ’[3><3
N 051 5¢2m
Ayv=1| Ognxom N (10b)
,0(4m+3)x2m 0(4m+3)><2m

LéH,R] T,
L= |Lypp,m, (10c)

O3><1

ZRER(R)F 20 oFs=( T, 1) 2= 738 YES|=] 79
SAKLSE A Eq. (9] 1Y T4 BENE A8 B 5
s7] whel Eq. (1153} o] 3 masfale] 67le] X, elm
4m e Xy& ARk
(Ao 7 Oses
O?m><3 Aa,HITZ
Ap=1 Ly 0343 (11a)
O35 Ly

B

| P11 7311772

N 02m><2m
AN = 02m X2m N (1 lb)

,0(4m+7) X 2m 0(4m+7) x2m

Lynnm,

Lonnt
L=| ORAE (11c)

0651
lTLTZipTITQ,O

TR, R} OFSR(T,, T,) 712t 2002 MM lEg=
S Eq. (1D o] 712 AR AE A 7Fsste]
Eq. (12)9} 0] S0 wats) & 5= 9lk o] 2§ Ao}
AaAF 54 B9 B VAS X 6 el X

8m7fo|th
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o
1
o

k5 BEdlole &1t A s 2%

Aa‘[{l T 027", x3

A

BT, Oopxs

O2m><3 14(1,1?]772
02m><3 A(I,RZTZ (lza)

13><3 03><3
O3><3 ]3><3

,BTITZ _BT1T2_

N OQm X2m
027", X2m N 027", X2m

02771 X2m N 02771 X2m
02771 x2m N

,O(Sm +4)x2m O(Sm +7)x2m O(Sm +7)x2m O(Sm +7)x2m

(12b)

027n X 2m OQm xX2m
02m X2m
A‘V - 02m X2m

02771 X2m 02777 X2m

GRRT,
GRR,T,

SRR T,

(12¢)

NN NN

SRR,T,

003><1

In7, = Prz0

23 SA=Y

Eq. (5)9] $rEdol tigt SAREYEL nAAF A 3t
P AFAYN FFE 7] witol] HE5eA 5
Hiodale] Ko} FAR 0 2 o] Fofxjof gitk o]& fJ3 iR
2 o] MY % BSEET HAARE A8 et
&S 1fsle] Eq. (13)2 22 ‘914 ezt 23(satellite
elevation-dependent model)’- H]xHE #=1|o]E)(un-differenced
observations)o] SAEEF o 2 ALE-3FTtHBarnes, 2000).

3
o

o?= s(acosec(E))? (13)

o]7]A, o* BIXHE GPS #Zto]Ele] £a, s 279
Al (scaling factor), o= HZ5TIoJEI] 434 4l B3l Lolr
TR B A Ll vkt 2 ok bAoA 0.003m 02mE
L2 o= 7kl /), (2, 1.283) 247 Fale] ARgatsich

Eq. (139)9) 2919 A% s AMgshe S71o] nleh Agzlow
24 & 5 gloriBames, 2000), F5H 02 WA} 544 33
At thERe G F83) s 998 Eq. (14)2]
Asliel TAEe] 7R (quadratic form of weighted residuals)
o] that o) 5FH(average of moving window)< vlj o= Ak}



o] #-g8%IcKHan et al, 1996).

Iy—1

IR
i=Iy_,

Sg: 1”717 (]43)

2 (=)

1=1Iy_,

Iy—1

Y0,
1= Iy

sp= (14b)

4, —1

> (ni—t)

i =1y,

P, sy N oI eibAe] 2L A 1, 3
Iy= 1 ARERIe] At $5 o, O A58 7k
e SRR BEdlolE Ai JEla ¢ A WA TR
o S, s)E uk 2AYE AR 2 2R 7L
nl, Wk} BEulolE] 4 el ¢ Sugs) ml)g Ajdeltk

Egs. (13) and (14) BARRE olzxhe d=nlolelo] 83}
7) Sl ARe] W S5t ARIE welsloh Btk olzle
TR ofgate] LIz L2 Wisish spzie) 22l dfsl ofelay
8)2(cofactor matrix)S T-AJ8+ 013, Eq. (15)9} 2o] w174
2 UESA o]gxRE At A8-5 53l 7Fsdirk(Hofmann-
Wellenhof et al., 2001).

= EDpE" (152)

ZA V.RT

= CDgy, ... 1, C" (15b)

lav. gz, 1,

A7, Dppi= 7R R)F oI5 T) BSTole] oRIARYE,
E= R o] FXE 93218 (operation matrix), Dy gy oor
ZIE= (R n7he] ol E=( T -+ T,) 0= 733 VIES)A #
Zelole] oflAplE, el O IESIE ok kIRl

I
Y

Arrolx] e gell AR ol s AR 3 71
Stllolele] B2 AR EAte] A d5EE W 7=
32K AR ERl Ao T AR, T A =
o5 HfIFe] HeFAAE ARSI olE #he AL
MRkl el A=) GPS A2l ARSsh= A
wiglo] Fasirt. 717k el ik FAIREL toE]
7V B UEY A 737 AR8she d5H|olEd wet

i

0T
1}1:&1{2_1

>

1

J

ofN ¢

o

=)
A

1o

gAY, & S0 2u)9] 7122 209 o] 5ZE A8l
42 Eq. (12)9] tgh s ge oest 2t

_ 2
Q =00,
lave R 1,1, 0
Iave m11,
_ 2 IAVHH,J‘,I;
~ 0o
Invr g1,
DXYZTJ}
2
0 oy
(16)

W, Dyyy 0,5 5 V67 AHES] 2008 042 3R
eI, oy 74 the Babelch

3. ZHiof ZAME 0 ofot 22MIXIg 23

3.1 OxpEs =3

TEE AARE BUERCN GPS ols= 91X 24& Sk ek
713k 78k 1o Eq. (17)9) 208 Z83F 419k HaAl
RS B3l o Fo] A o Jitk o)A Unk HaxlEEel <JsiA
= Xyol A(integer)’} H=E 4 & 4 gl7] whielth o]
k= Bq. (17)9] A2 Xye 205 vhble] 244 X e R
£ 283 A2AREE 53l VRS Arel(real-valued ambiguity
solution)’ & g%+ - o] AHE viRe = Y deh= B4 XN
AP SR gk HAWAPF HA)OF Lol srefgith

min =

I L—ABXB—AN—XNHQQ with XzER?, XyER" (17)

7IM, Il e 15 =()"Q (), RPE pA] A5=E3k
75 A a8 ps} g 2 IR v
1=

X\ERY 2708 583 GPS B=dole] 531 o] Haw
w FRCETEN) PIAE, Q1A E, AP, TEal AL
¢12Ka posterior variance):= Egs. (18)~(22)9} 2t}

=(AaTp4) 'A"PL (18)
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GPS AAZF 25 HUEHE §3 wheat Aoy & 24

Qv Qx5

- T -1 _ Xy XpXy
Q= (47PA) [ 05 n Q;J (19)
V=L—AX (20)
Q=P '—AQ A" (21
op = py— (22)

AN, A=[ApA,], P=Q ', Q= V'PV=L"PL—
LTPAX, X, @ #EAR FRY} 1 BTN 9,
X3 Qq = A5 viAgLs) 1 efol o]ty olst g
o= GPS o|F3H3} 174 BSdlelEls] % FAsolt.

Al Fg9] Al AN ) tigk FAIRE] A%
2del] we} 2195, o1E FHE] ol of o thak 5y FAw
ZAAHmodel fidelity test)’ S <=883lt} Eq. (23)2 o] FAK] 712+
FoHe PRI Fl55E o o dish vhehd o]k af= GPS
oA AR Fol| Al ¥7] wiiZel(Han et al, 1996), £ llx]
= olAE XA FH A} FE(detection)S $I5] YA

or (72,F(

g 0

[N

= F’(o*p*q,OO:l*a/?)’ 0—p—q,050/2) (23)

Eq. (23)°]] oJ5)) Zhexpt AEwh= 739 o1& 7 (identification)
3lo] Z7(adaptation)d}r] H3f JAEAE] kx| thsf Eq. (24)
7,5 AH&SH= data snooping-& 283133k (Pope, 1976; Baarda,
1967). |r;|oll thet SARE Fuligkel] tisl o] FoJA]H, Student-t
Tzl et AR, g1 o) S AT 1L o] H=
A5 A= stk o] g ASHClEE ALS
8 RSl A AAElaL ox ek AAE A 5185)
= S oA 9 58 & e ) gl

eiTPf/
e 24)

"ot JelPQupe]!

o7, ez idA @af 1o]n] Uzls 125 021 GBS,
e; =[000---10] o]k

MRS e X3t Qg ol <8 Fgo R ofFolxl B3k
< /dele] Eq. (25)9] 25 83l 1 grol Havt He A5
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A3k 3 Aoz, ol A4 99 2 (original ambiguity
domain search)’]2} g}, W94 Frre] (N BHE
Qs 18 AR, SRS AP A} v
o) 7] wize] WA delo] ek A B Akl
A daks A7) ofetgol whEtk webM B dell=
Eq. Q6)olHsh o] WHZy& AHE310] X7t @ & Aol
e A FRre R Agnigsie] AN Ao Y s
LAMBDA (Ambiguity Decorrelation Adjustment) 7|HS AL
SJAK Teunissen, 1994). ]2 48k w24+ 930 24 transformed
ambiguity domain search)’o]2} &b, o] 7[H& Eq. (27) &27&
il N7 ST 5 3 AeEteln e Avke
MR Jelow A g sl X3t @ & TATh

min Ry =(Xy—X,) '@ (Xy—X,), with X,=2'

(25)
Zy=2X, (26a)
Qy, =20y 2" (26b)

min Ry=(Zy—N?)"Q, (Zy—N), with N?Ez' @7)

X o= 1 3= e HaAlHel <3l
MR, i AR vt

Eq. (91 Xyl
S A, PR

2ol A & 5 ik

Xp=X,— Q3 A (Xy— X)) (28)
— —1
Qx, = @y, ™ Qix, %o, . Piox, (29)
0 . = ~
o = py with 2,=0,+ Ry (30)

3.2 DIX[E+ EtEd AE

A0g Bl ofl TS TR 2 ) Sl
I g7t oo Al 7HA] AR 2338 A8dte] I EfdE
ZAAsoF 3tk (Han et al., 1997; Verhagen, 2004).

A, X e )A(Nﬂ A&7 confidence region)o U7} Eojof
e,



R
A;] = Fv((]x}*p*q:l*a) (31)
a0

27, X, X, AZ77 oluzh Hojol gtk

()A(B - 5(3) TQ}},}()A(B - 5(3)
2 = F‘(p,()fpfq;l —a) (32)

tO'G

AR, o2s} opel BAH O R HFHcompatible)siol Fhrk.

Flopoi-af2) = 5= Flopooa/2) (33)

wet 7)) ope] Frgo] gle) Al VA 20g BT VS
S Ryl 718 2he 3kt 2 vk 3k 7l HH(best) 2
212 (second best) FHrol thel] FA1A xPEA FAKstatistical
discrimination) & 2xJ8le] HAAGFE HE IS B 7
M= Eq. (34)9] 2ot 2w Fae) 2,90 2,0
e W-H]Z AXFekaL Student-t EEo) thell 78It Wang
et al., 1998; Li et al., 2012).

9,- D,

W= (34)

9

A7, @ = 4(5(1\:2 _5(1\:1> ]‘jSj()}w _‘;(N,l)

W-H]o] 2J3 XA 2pHAd AR RIRA ] B9 3S
2eHA] ¢l = HdSol= E7sla 8o R Sgsh=t)

BA7} glovk(Lee et al, 2005; Li et al, 2012), 914 7183w
7} Sl Tz} o] B wjR] ok A} FEShs A
EAAA] A1E SFtype 1 error)7} WA 24 Sk Lee
et al.,, 2004). wEhr] 27) oo oFTHo R TS UESA
RS AMShe A9 W-nlo] <j3h XA 1S dlalsled, 27
o WAAS R 4 715 AHE Eq. (35)9) 2o
Student-t 230 thel] T8l 712bEA] ¢ 79 HAASFE
FHZ ke IS Tk oBle FERE HUE™ =
FAZI7} S0l S AX|H o] dhE HYo] AlgtH o2
doJupa] wRAF A o] 35 1Al HAskE & AR
FAe w2A o) 2fgtths 1A wE Zlelth

f

rlu

= tu*pfq‘lfa/Q (35)

PV Vi o, = RS ele] 7K el 1
o]tk

3.3 gnrlE el

GPS W3} A 25 o5 &3 AP agstE
TIR= AAE At 782 28 AR HaAlEEs A8
sto] FerleAlihe AZE Rl MATLABS 2 Fig, 13} 22
ARE 7R == T35k Table 12 GPS #=tolg] A7
B2 A2y 3 QoK Ao 2 wly)A(BL: Baseline)’ 3}
Y EYANT: Network) 2 T3} 0H, Fafe] A9 Agel=
FA719] T whet VeIt Al 4§ GPS i kARl
HHO A} AZ, 7178, 2AE $Ig F&A| o) (quality control) 2k
£ I=50] A o) Ao dSdlold (Aol vkt vk
3I== 3FithLee et al., 2009). A<=s] A= the oEA
GPS A HAE] EARYSZ a4 Eq. (14a)e] syg Akt
WA A eFIA Aol ARSBIES: BFiTE Tl 1A
ol BV RS BHe AT FHTo] 27 o) o] He=
739 Eq. 34H2] W-Ho| 2oJsk 2pHA ZAE, oldf] Ris) UES 9]
A9+ Eq. (35 4 71207 ZhAtel| thgk sAIAA el 23]
T FH=E T3k

Processing Mode
GPS CPH & PR o
[ ;Ll LZ; { 7

y
Functional
Modeling

Modeling

7

Float Solution

W

Geometric
Constraints

A A

Adaptation

‘W-ratio
Discrimination?

Fixed Solution

Computation of Scale
Factor for CPH

Fig. 1. Flowchart of the Instantaneous Ambiguity Resolution
Procedure Implemented in this Study
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Table 1. Brief Description of GPS Processing Modes Implemented

Mode Description Functional Model
RITI Single baseline(BL) is a processing mode between Reference(R) x and Target(T) x. In the case
. RIT2  |that the initial coordinates are constrained, a capital letter ‘C” is added. For example, BL_RIT1C
Base Line (BL) . . . .. . Eq. (6)
R2T1 is a mode processing the baseline between reference 1 and target through constraining the initial
ROT2 coordinates.
NTI12-R1 |This is a processing mode using single reference and dual target stations with application of both
——baseline and coordinate constraints. Processing were carried out twice using Reference 1(R1) and Eq. (10)
NT12-R2 |2(R2).
Network (NT) NT21-T1 |This ?s a process?ng mode l'Jsing dual réferences 'singlfa target station with application of Eq. (1)
NT21-T2 |coordinate constraint. Processing were carried out twice with respect to Target 1(T1) and 2(T2).
This is a processing mode using dual references and target stations (e.g., 4 receivers). The two
NT22  |geometric constraints are imposed on the mathematical model. T1 and T2 are used to represent Eq. (12)
results of each rover station (e.g., NT22-T1, NT22-T2).
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Table 2. Results of Instantaneous Ambiguity Validation for the Baseline Processing

Without Constraint With Constraint
Baseline - - - -
Validated/Rejected Rate(%) Validated/Rejected Rate(%)
BL-RIT1 2,904/1,012 74.2 3,879/37 99.0
BL-RIT2 2,490/1,426 63.6 3,825/91 97.7
BL-R2T1 2,865/1,051 732 3,876/40 99.0
BL-R2T2 2,432/1,484 62.1 3,867/49 98.7

Table 3. Results of Instantaneous Ambiguity Validation for the Network Processing

Mod We-ratio test Statistical test to estimated baseline
odae
Validated/Rejected Rate(%) Validated/Rejected Rate(%)
NTI12-R1 3,910/6 99.8 3,916/0 100.0
NT12-R2 3,893/23 99.4 3,916/0 100.0
NT21-T1 3,907/9 99.8
N/A
NT21-T2 3,886/30 99.2
NT22 3,916/0 100.0 3,916/0 ‘ 100.0
~T74.2%%19]] H]E) SAFATE FE51= A9-o= 98.7%~99.0% NT1Z-R1
- o 20
2 7 FIENEE & 7 vk 2B Fig. 49] 5 99 LRI N T ——
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