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Abstract

The electronic-global satellite real-time kinematic positioning system
(e-GPS) 1s managed by the National Land Survey and Mapping Center
(NLSC), Ministry of the Interior, Executive Yuan of ROC (Taiwan). The
e-GPS network uses continuous satellite observations and processes them
continually. Currently, there are 78 operational stations available for
various services and 15 stations are equipped with meteorological sensors.
The NLSC applies the GPSNet package as the core processing engine but
this package uses global tropospheric model to eliminate the impact of
tropospheric delay.

The availability of precise GPS satellite orbit and clock products
provided by IGS has enabled the development of a novel positioning
methodology known as Precise Point Positioning (PPP). Based on the
processing of pseudorange and carrier phase observation from a single
GPS receiver, this approach effectively eliminates the inter-limitation
introduced by differential GPS (DGPS) processing as no base station is
necessary. Therefore, PPP offers an alternative to DGPS that is simpler
than and almost as accurate as DGPS. As a result, users can directly use
IGS products to perform the high accuracy in the ITRF frame by using
PPP technique. It can decrease the cost of purchasing receivers because
PPP needs only one receiver to perform high positioning accuracy. It also
retains the absolute message of the states estimated. It possesses the
superiority in the field of atmosphere, meteorology and tides. In term of
studying the regional tropospheric model, PPP is able to provide absolute
tropospheric wet delay with high time and spatial resolution. Therefore,
this project facilitates the measurements provided by e-GPS networks
with proper meteorological measurements to conduct a pilot study
concerning the use of GPS network PPP for deriving absolute
tropospheric wet delay to support the development of regional
tropospheric model. In addition, the comparisons between several global
tropospheric delay models and proposed regional model are provided and
potential scientific applications of GPS network PPP derived absolute
tropospheric wet delay are discussed.

Keywords: Global positioning system, Tropospheric model, Precise point
positioning
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LAan 2t o BRUBAE T BT R ME o T gD B R E
FoiF B % (Beviset al., 1992) o 5d & RISk But & E g 3t
FIHIE RE gt B 0 T AE F R R R B ARt o
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Wik kg ¥ B ERT VARFE Y RE +ﬁf¢
&+ 3 #c (Mapping Function, MF) &8 & #-fFh X BB R P23

i B ot 2§ o Lanyi(1984) ~ Herring(1992) ~ Ifadis(1986) 14 %
Niell(1996) & < )*Jct‘ A PRI REY AR MR L) 0 TR

Jozb ek TR A ’%riiﬁ VR % fi& = E 4L (slant path)zt & & o

eﬁﬁi‘*f"%]“"J\,’{gzﬁ_{;wg‘gm,ﬂ@@q»ﬁ; o s 4
# K F £ P %

2R )
ZEE S A R R Bl kN ;‘f«')é] 4 Eéﬁﬁ%méﬁ
L197) » ST E A R R X R BURMEp Rk
W F iE e it F Wﬂvhﬁﬁﬁﬁ\§°kmﬁ%m
MoV AR R R RSN o R R BEE R
KAPRFZERC BRI RFLT § G LT
(& (Precipitable Water Vapor, PWV) % 7+ o I 4 KiT 2
TR LR AR BT R ARG AP T F AR BEFT FH
(Radiosonde) B2ORGT g Bt (Water Vapor Radiometer, WVR) & {7 &
Bl EXFREHRE YRR :%FﬁH L5 4| (Liou et al,
2001)

;‘gﬂ GPS HR2ER AP FEFRETFGKTZ E7 &K ERE D
A F AR APM GPS F %5 ¢ bt X FAEREF R
7o BArfrh B om B M E ¢ oo GPS O R B3 X TR HILE
EFEPI M E o X TRIRAEBFINL T I R R EF

B LN LT T U
PR EMag A EAE o RBEFd MAESREIRRLE BT HRP
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§2.1 RfF-RAZEGRIBIERA
SF R KA S e R I BOTERA Y A e R O
) 0 22 B A > 4B 2.1 977 o b A L H3 0 a2
B 50%A 32 BN o AZiE S 2B HG 5 5%3 6% 0 Tk

& L # 3| 1% (Ramirez et al., 2007) -

lonosphere (Aurora)

Mesosphere

Stratosphere
Tropopause

Troposphere

B 21 ~§ K2<LE ~»wEE P Zhang, 1999)

6 Feb 2003 16.5169 UT

-
=0
&
2
0t
10F
0 4 W 10 0 0
1 1 1 1 10° L Lo L 1 L L L
d 0 Hgvclum!mlunqgal'o 0 10 o [-3) a2 N 03 o 2 o4 o2 ol !I
‘ Colurmnar Water Vapor [gham] Water Vapsr Density jgim”]
(@) (h)

B 22 kit 7 2% &2 M %3k p Ramirez et al., 2007)
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AR EROTHEYF R R LAY PR E R DA d o BRI
FEARH S GRS HMAA ARG 4% BER AR
1+ (Hidore, 1972) - B 23 %777 5 < A ® #77 A\ 2 R R &3
B2 B TR o

| CHOCY

(=] 5
goc | = ~
BOo0 - : =1
\,
~ = . - =
Voo -:"’ Atmospheric constituents
. =
s00 = o . -
P = Y AN Oy ———
— ~ . Ty —————
soo | ~ I = o
E -\\ " -t g -
] 1
== R ~ B —— ]
= A Me ---o—
= 5 s, b TOTAL — =—— A
R
200 Y —
oo |- = Tem— —
— RN e
Te— B Tt
o X 1 E M a Incll P i e
10° R LT o7 1ot 10" L 1 o= 10> 1 0= 107

NUMEER DEMNSITY (rv )

Bl23 ~ 5 k° 2 32RE3 A2 M GREEA Richmond, 1983)

RAE RIRF R R DB 4R BIA o F - o KT
Wk FHRFRAAGES > & T A F RN Rl AR g

it g2 % F &1 % (Hidore, 1972; Seidel, 1995) > 4] 2.4 #77% « % = >
KA F R Y FALG R 3 8 (Hieb, 2003) -

fouds g Gondenaatian
. A e e T (e
Gondensation : N ¥ "-" ' ' \iaR
o s — ot - P N i w
» AL \ A
R L Y o v i
S \ 1y Evaporation
. |
Evaporation ???%

4

Ocean

B 2007 Themseon Higher Educaton

Bl 24 <5 %7 ki A%k M 7 BI(3E p Misra and Enge, 2001)
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SFPERFP ORI AL EREERIRF ZE CDF A
(ground-based) & RliZ > F 3 & 3R 5 (i) ZFREFR 0 JI* # A !
#F$s 2. 'K 7 £ #2F (upward-looking water vapor radiometer); (iii) 7 ¥ i%
BB AT FE e T F o2 KT 8§ 5 3 (satellite-based
downward-looking radiometry)(Bevis et al., 1992) -

# sk (ground-based) € Bz 5 JI* F 7 F 3% > 4oB 2.5 #77 o $F
ZABA - BEFRBEPLRE OB ART AL 5 BRE
3R R AAHIER SR 4 b v E FR(Brocard ef al., 2006) o F]
BEFERDPCPI 24 PR BRI OF L F SR MEFFE L iR
B LA &2 34 F]3 (Rocken et al., 1993) o

Vaisala RS80 Radiosonde
| 'l'tsﬁor'li'adl'ﬂiondﬂ-_

Temperature
sensor

Relative
Humidity
sensor

B 25 HFx 5%

oo g IR B ACRIT SRS (WVR)E (7 L ]

c & 0 4B 2.6 7o o WVR 2B+ 5 ¢ - J\rp o RGE (B
Ffenig B )o@ F 32315 222 GHz 3 5 Ak o o e (LR @
PERIABAA P AP EREFRP S F P kG oK
Fom oz R EE o — ¥ WVR BELP| B 7 Ru & o 0

Jo T

AL, :ao+zn:aixi (2.1)

i=1
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B (e 2 BRAZER.LEE ) LT EFRF TR O WVR &
BEFwORE ﬁx"#’ B &N jE blde tipping-curve et * jE o B
% WVR 2. #%-in Jp 72 ri’ﬁt%‘f’fﬁ\;%&*(i B ,2009)° F] & fiﬁa%’“‘
BA KT R B R R BB R R
B RHE 2 FiE47 R R (Tao et al., 2007) o

*oa ‘*:*Mﬁf’%’x s WVR BLl AR5 3107 i oo 4

B 2.6 -k % 15 5435 (WVR)

»

=

Sy

?;Fé“iffﬁ}@f%”%?i?'l”f'l’* Fhe T HFR ’J\ﬂiﬁlk’TF ‘if”‘*—/EJJ“?

Brkd e FeN oA o T ATEBIFIZ IR FEE R
FAARRERRM LT RV AR ST AF AR ARAT

(Li et al., 2005)

§2.2 GPS REE

PO ST REZEFFRESFRARAZER
et al., 1992) > F]pt 5 1995 # 57 » £
Mk AR FAF AR ZEIE (M1chelsen 1998) > Bevis et
al., (1992) # 41 41* GPS ii?d’}x)%é‘;&

AR R R @R GPS fr



GPS #Jc k42t » % GPS iz Hini & 21
Kihz - 5= éﬁfrﬁ?]‘:é gL R o F]pt GPS FE 2B G a‘ze’]z &
3t & g FERAOM G SESETHETY 0L G S
%ﬁ%ﬁﬂ?ﬁﬁ“’?@ﬁ&%i:ﬁ&,@é%ﬁia Rl
Ly, Flpr B E T {fFmat g d ko p- ﬁ.']ﬁrfe* # GPS
?M*&@\%ﬁthm?ﬂksiw%v»ﬁ\p GPS % % % - ¢
RBiZ¥ B> F %4pM 2 # 7 (Alan and Shardlow, 1995 ; Awange and
Grafarend, 2005) -

|

GPS ~ F #FRIFEMTA KT Z 2P 5375 BB ¢ 7 MK
~E R H%E:rs CERAF TV ITEF
: B= (Gutman et al., 2004 ; Awange and
Grafarend, 2005) o #* RTergtjirag 348 G B d & blaodf 7 F 3%
2 WVR - B] 2.7 5 # R Haystack BLiB| - 7 GPS~ 45 7 # 3% ~ 2 WVR

NX TR AF IV REB O PFR R 1995 & 8% 15330 P » RIAP G

45 ewa £ B (Coster et al., 1996) °

AL EM GPS & F SR FRIBNT S CRIT T 2 RR
224 A > F GPS vk E @WW?F@¥%ﬁﬁE%§ﬁmq
(Numerical Weather Prediction * NWP) /& & 33t - £ p » GPS § % &
CHEHBREFTIRTPIRFTTNREL RFF AT ERPIZ R
(De Haan, 2006) -
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Haystack WAR, CPS and Rogiosonde Devived Zenith Wet Delay

— -
400 W — 400
Fodinsende &
Liguid - - -
MHR_GPS  +
306 304
T 5
£ .
i E
)
i 13
E omf o
o
i b
2 2
c
= T
S E]
~ €
E
wor g 107
[ [
[ i
fa] I I ) 0
235 230 235 2:0 ;s

Doy of Year

B127 GPS~#£7% # 7 ~ WVR eh= 7§ %at & £ v  Fl(d¢ i Coster et
al., 1996)

i7# % > Liou et al. ,(2000) 7 £ 4]* DGPS i# & i £ 31 W b i
Bop > X A R R E T T A B R BE T Y S B
A5 ”‘/piiﬂ”" B Rk EE D BEE ﬁr/?ﬂ‘%lﬁ ok x
HRET R ERRF ARG Rk BE L IR BT
§$ﬁ€imﬁ%ﬁ%@’ﬁpiﬁ§?ﬂ?(ES%EWN%%@
;‘_i,’ihf@;ijﬂfr? kT Bk T g s (WVR) BRI - RenfFa) o pri
% for g X A~ (2000) 7Pl GPS BLRIE BB & F RuE R F
GPS AL =335 - B2AW F * chal & RAT T F %40 0ip B SRAL - 3%
lﬁﬁﬁ%*ﬂﬁﬁiﬁ%§$ﬁﬁﬁz.PWVai@ﬁ%4ﬁ1p$~ﬁm®
BAFL R FRRE G GERIEERIZAPE RS -

§23 ¥ K ¥ GPS BLip ’;‘i.i:?ﬁf@
§2.3.1 #ink chiFis

4o 2.0 57 0 $HR R R AT A F 2k
1022028 > #3pda 2 4F 2%



T e Lo K oo T HE A& (Troposphere) ~ F ik A
(Stratosphere) ~ * & & (Mesosphere) % 3 & (Thermosphere) > ¥t/
TR R A E gL E A 02 s HIMEPERGTYE 65K © F
2. TR T s B EBE YR E R R A R A F R
BoEFw %ﬁw—l[ﬂi’#ﬁi ok s T n k2 R e 2 S B
78 (Tropopause) > } BEER T 2 B R S ¥H A 2ZER - H 3 R
FEwFRAD %Wo%ﬁPiiﬁmﬁﬁsﬁAanéﬁéﬁﬁgﬁ
B Fom AE PR ZHMETES N2 02 o i B R SR TS
(Sand TR,2004) - Flf "3 R " X » A F + R HIE T2 ER -
T HENET 70 2 85 RAoa P B AE D HERGESNE
T 45 3 65 B A F ¢ 2oRkF PR OTHIEZ ME o

B P E R R kPR E B A R T
%ﬂm@avg‘i79%J%Jéﬁ%$féﬁg’ﬂﬂ ' F F BT T8% 0§ F ik
T21% 0 HARR A d Hoi g BTl s o B R & TR K B i
3t 30GHz enfijn™ » § 5 2REAThandl /i o Bl R B TR AL
e Ak r“é] cd WA F P HEF T AT 80% A ¥
B0 Bt om0 Rk ¥ g AR A (Brunner et al., 1993) o

l‘ﬂb

§2.3.2 $ink ut B chih

% GPS UL fFrh 74 § K Dl L i jekpF > @ F ¢ X
FIAfEA F AP RECREE oBl 28 977 o F - ~ WELEHIA P G
$0 chlFE A F 2 F i hE R () AW SR L
(S) > TABRMDA b7 = chZ B T fah S w2t & (geometrical
delay) o % = ~ d ¥R R ITHF A E 23T 0 TREASE S F
R d B @R R S BRI R R 2 5 8
VLPF Pt ¥ (optical delay) o 14 b & fEE B W B cndT b o n G
Mo ¥ I T eafg e S #ici® & (Yuanet al., 1993) ¢
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AL:J.n(S)-ds—G (2.1)

n(s) E d ML Y BT GEOGAFTE F R PBRPE
PSR R o 378 G liee 7 O 3755 N (refractivity) X % 7

N(s) =[n(s)—1]-10° (2.2)

B (21) iy (2.2) Ao B A 40T % (Yuan et al.,
1993) :

AL=10’6.[N(S)-ds—(S—G) (2.3)

SHd ML T LR ot 2N enE - M E LT BEG RF
LA BEG M o

Bl 2.8 GPS 5L @ 4% 2 B /S (4 p Dodson et al., 1996)

TERBGN I Wl F R FE - B kAT A Sl
FRAF T UAIAIG - Mo T THE 7 F - W54k
UG T P g BN T g o Slice R AR - B4 4T
M > GPS LB 2 Lt B T A PR o R A
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Boaf Bl ¥ VOSBRI A kB oo Wik A9 et §
Ko Bt 2hd Jelbendl A 0 F)pt GPS BUBLAE K B ik & mp b1
SILEO R R R R B BRI R DL g 3 Ao At
AP ERIAFET P A F ks RS SV E Rk
SRt X thandic s B & 7 N4o T (Leick, 2004)

P

P P
N(T,P,,P, )=k, ~L.7 ' + |, 2w
( d wv) 1 T d 2 T

-1 wy
.ZWV + k3 * T2

-z (2.4)

TLH8%ER HEs KPP 5527 R4 »E=5%F% 5P, 5k

FRA CEREIET Sk ke ks 5 ¥ ¥ k=77.60K/mbar,

k;=69.5K/mbar » k;=370100K*/mbar > Z; v Z,, » & 5§23 § B 45 7]

R F CKkF) BEFT o 58 24) B LRERKECE F TH

KB BLIIRTF CKF) HF KB E e T2 R ehic
‘f #

%%@JP(PGI-FPWV F-ﬁ:,l J iﬂ ﬂ;%

R S g AR b ed (Leick, 2004) » FJpt 38 (2.4) ¥ oLl A e
-

P P
N(T,P,,P,) =k R, p+k, %+k3-TW;]-Z;i (2.5)

B Ry Gicif ¥ ¥ p SRRAR 0 p, frop, 2T FUEEF
’#ﬁiﬁl'{%zﬁr#%, Md f\_" va ‘?/‘ t;P‘Ht*m Q%S‘E’fr/i;
oot (25) ¢ FTe A Fios BITRF N, foiks BiT6

P
N,(T,P) :kl'Rd'p:kl'?

Pwv -1

T2 ] wy

' P
N, (T,P)=Ik,- ;f +k; -
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r%;fé/a\ﬂzﬁdl? BAc¥ U BN N=N,+N,, > ic~ BuEF N,
BRmRE p § -‘F”f/ﬁ*‘ P 7 M R 29 % Brunneretal., (1993) f]*
ARTHFEZRE N, v N, B A ® B> KRG LIRS T D
Rt R 2.9 T A1) N, SR A B
G AR A A bR R - F e Q¥ N, 5 0 F kR E:.f‘ﬂ
2 A0 HBUT O BLFOFAPET LGS RN, AT G %
SRR EEER T BB RS G FHRLF PRI
Seenx F T3 o T 2 WA N, (EFF A BRfoE L $7
fem 5 AR » B ERIIIER] o

Fl* X (2.6) o 2.7) T KB ES » g A Btk (ZHD
& ZDD) feig~ & (ZWD):

ZHD:ZDD:10*6J.Nd(s)-ds (2.8)
ZWD=10"[N,,(s)-ds (2.9)
40~
3ol
B \
: |\
= 20 \
'E;. | \Nd
3 10} \

-
Nwv S~
OL_l O e

100 200
Refractivity

Bl 29 & & Glicr 3 R 2 B (4% p Brunner et al., 1993)

Pt 2 T2 e Rt B T d 50 (2.8) fr (2.9) 2 fo i o B A 3T
BN, mﬁ%@&'ﬁinjﬁé%ﬂmﬂ’ g3k F AR foz B gl
A0 Beid o F R F R AE RIS o Bl 2.10 TR 5 A
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o A e A AR G R A B BAEE

(%
I
&
>
%
fis

BV h A e i FA o

25¢
@ 20t
L
g 157
o% 10} Tolal density delay (Dry delay)
E ! Walter vapor delay
0

15 30 45 60 75 90
Elevation Angle (°)

Bl 2.10 %75k at 222wk #r & 2 B (5 (4% p Brunner et al., 1993)

§233WA X ES paLEE

tF N, BEmBFMRE B (28) &
@%Ai&@% RE R - BIEROER S MR R e 4
(Leick, 2004) o I i34 & 2 B i3 B3R 254 Flipan> Fl ik F
FETFRBE Mg § e L L3 PenFF g ga- &
g BB (Leick, 2004) 0 7 B F) 5 R B E B2 & § % S¥ceh

FRRE g o Fp A E R R %S 2 x28 (Dodson et al., 1996;
Leick, 2004) -

I OB R FREDN T BHI A EFEL gt #5580 MG
27k 14 (global) ¥t it & #-3] ¥ # ¥ % ch3  Hopfield #°5% ~ Modified
Hopfiled fi£5% 12 2 Saastamoinen fi;% > & W3 H 4 40T o

(1) Hopfield &=

Hopfield (1972) #r# H1enx 78 = o $tin k2 B 73] & 7 5 4o
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PH® HE
Al =77.6x10°=—-2+10°N,, (2.10)
TS5 5
HS-H)! )
N, :Nds% PN, =373+10°%
d s

v

HeY H=40136+14872T-273.16) » H' % — Bw =x > ehddk> N, &
oo L 3THE OH ATy AR HiL o2 o Hopfield ¥ 2
* 7 Smith v Weintraub #r3% Hendrét ¥ o H P P S & R4 T
Am R R e

RS
»

(2) Modified Hopfiled £

4c @ 2.11 » Modified Hopfiled #-;¢ 31+ % » & g f BB X

FALAT R NHI R RE BRRBREILL R AR b, 5 AR
PATNRINAS S F RO R, Pl AT § AR R
Flpt T i R R R r, =R +h, =R +h, 0 RIE K EE T
B = T ;' (Hofmann-Wellenhof et al., 2001) :
4 4
D" =107° N{ fa 7 } ds +107° NW{ f =7 } ds
P;z[th rp —Rp P:z[th e~ Rg (211)
Ny~ N, &% 550~ 8304 78t > 7 L 40T
N,=c ~ (2.12)
T
e e
N, =c,—+c,— 2.13
wy ZT 3T2 ( )
H
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e: +K 3% A & (mb)
T: B ¥R

-

¢ ey ooyt & AR (h#c (empirical coefficient)

R SR RIS A

RS

b
LR

Mo

D[lrop :10—12]\[[{ R }/;k:| (214)

# v

iAo e (=d) 2R (i=wy) A AR
e R WA (=90°-% TR E)

7 :\/(RE +h,)> —(R, cosg)’ — R, sing

ERRE S
a; =1 a,; =4aq,
a;; = 6al.2 +4b, a,, =4a, (al.2 +3b,)
as; = al.4 + 12al.2bl. + 6bl.2 a,; =4ab, (al.2 +3b,)
a,, =b(6a’ +4b,) a,, =4ab’
&y, = bi4

He

a'=_Si1'18 __C()Szg

1 h, ' 2hR,
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&

Bl 2.11 $in kg 2w i is et &3 p Hofmann-Wellenhof, 2001)
(3) Saastamoinen 23
Saastamoinenfi-;V B & _H ¢ — fAE ¥ * k3t B Rk w B anfic

9T AT g W2 R A B ke & 57 40T (Saastamoinen

1973) :

COSz

o :(1002277{p-+(1255+4105j-e——Btan22}4-5R
T (2.15)

Bl
e

p o AR
T: #2%%58R
et KT R

z + X TR §E

B~OR : B ia#k

%£§~&§‘@4*%““%ﬁ\’ﬂ??—%iﬁmﬁm@
HERGEE on FWFLHE BRI T 0 R R R MR RS
Saastamoinenti-;¢ ¥ F P ¥ A jc B L > HHFR T E 28 (mm)E

% (Janes and Langley, 1991) -
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2.8/

[~ Saastameinen Model
Modified Hopfield Model |
26! |+ Hopfield Model

ZTD (m)
4
i

0 500 1000 1500 2000 2500 3000 3500 4000
Altitude (m)

B2.12 = B $ o & it B Bt ]

Difference of ZTD Models

2
o

[~ Modified Hopfield Model-Saastamoinen Model|
Modified Hopfield Model-Hopfield Model

Difference (cm)
o o [=]
& 43 & @ & §
LR T (R T,

o
n

0.1}

0.05 500 1000 1500 2000 2500 73000 3500 4000
Altitude (m)

®2.13 Modified Hopfield Model ~ Saastamoinen Model ~ f-Hopfield
Models4 £ B

B2.125 = B 2R B0 ol B4 H 3 R ATIFDT TR K R
wEE T % B s B2.13 5 Modified Hopfield #-%]¥ Saastamoinen
1% f Hopfield #3)0 ZTD £ & - d B¥ 40> @t chZ Eh % 3

—

=)

0.5 2 % > Modified Hopfield #-%|#* Saastamoinen #-7|# = e 4
B2 B AL 1000 2 ¢ 24 > EFEF R4 L EL ABITR
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'] 5 Modified Hopfield #-%]% Hopfield #-3] | & I B chsn (4%
FoBb 2L B2 aRTBATa g R 5 012 2 013 o~ L8 o

§2.3.4 Pt it i

o ﬁ] B3 Lo }é] é._-}};;ff; ~ 30GHz T lbb :‘i 2t g %/{'H"Fﬁ
/T’rﬂ i’f/”%]b%’l/n%]ﬂ‘\ﬁ%’g:méI"J‘%od%"'%‘ ﬁ%?_,

P 80% B A AELE c I TP R g e
(Brunner et al., 1993) = } it 473 2 ORI E it X 2 v it 0 F
T AP ATERID] DiER A RSt R B ehd R o MR A B 65
FwEh a0 o ol 2,12 A7 0 B A VLA ph it S B X TR
S o etk Rk § (ZTD) P& 2 Rl i & iR AL e (slant
path)$ 7% A 438 « § 7 4 § Pk Sl TE LS SRS AR Y
W%*W“?W%M%&@ﬁ%*é&%@ﬁ%%Wiﬁ%ﬁ@m
Y& (Brunner et al., 1993) -

Bl 2.14 GPS 3L % X4 & 2 B2 (4% p Misra and Enge, 2001)

Black and Eisner (1984) #7i& * crpk st e M 4 o1 5 @k W &
ﬁﬁaﬁﬁﬁ&%:ﬁ%*7§ﬂ90§wi$&m%&ag’é*
BREODPEEVHRLE > FIPrEp ST @it &5 5 (Black and
Eisner, 1984) :
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MF(£)=1.00 1/ \/ (0.001) +0.002 +sin* & (2.16)

g

Niell (1996) & = chph bt anBcp| 3 5 iR dfs LR EF % %
Hgoat EI0A chph bt S B R P R IR B - - # ¢ T dikc (Day
of Year, DOY) :* 5 @ (8 ; m jBRA B IHE 2 & PR e
Eaf@ rpitddichtdE 43775 iR > ¥ fFh r
¥ ™ 3 X 3°(Shrestha, 2003) o P& & S B & 7 740

W

1 B 1 7]
ahydro a ht

1+M 1+ bht
1+ Chydro 1 1+ cht H

mhydro(g) = 1 e h 1 8 1000

1+

a,, .
sin(g) + hudro sin(g) +

: hydro ht
sin(g) + ——24 sin(¢) +
SIN(E) + €y, sin(¢)+¢,, |

2.17)

1

1 + awet
1 + bwet

o (£) = 1 o (2.18)

) a
sin(e) + wet

sin(g) + ————
sin(g) + ¢

wet

-3
He el Wh 5 oq,=253x10°22 » b =549x10 22 >

_ -3 o\ Y & . - 4
cht_1'14><10 “ E—  H " "5 ﬁjj’:— » M ahydro N bhydro N Chydra * Ayer * bwet frcwet ES

LR chT b0t liche ™ 4
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Z:t\' 2.1:

¥z 4 & P S 3 fioen i B i@ (Shrestha, 2003)

§o B &R (Latitude) H = :/& (degree)
f,/‘f, 15 30 45 60 75
i, 1.2769934e-3 | 1.2683230e-3 | 1.2465397¢-3 | 1.2196049¢-3 | 1.2045996¢-3
- 2.9153695¢-3 | 2.9152299¢-3 | 2.9288445¢-3 | 2.9022565¢-3 | 2.9024912¢-3
62.610505¢-3 | 62.837393¢-3 | 63.721774¢-3 | 63.824265¢-3 | 64.258455¢-3
Clydro
4 2.2: ;B A & p S #cen ¥ #ic i@ (Shrestha, 2003)
B g &R (Latitude) ¥ i=:B (degree)
4 B 15 30 45 60 75
, 5.8021897¢c-4 | 5.6794847¢-4 | 5.8118019¢-4 | 5.9727542¢-4 | 6.1641693¢-4
wet
’ 1.4275268¢-3 | 1.5138625¢-3 | 1.457252¢-3 | 1.5007428¢-3 | 1.7599082¢-3
wet
. 43472961c-2 | 4.6729510¢-2 | 4.3908931¢-2 | 4.4526982¢-2 | 5.4736038¢-2

wet

# %t Niell pt ot ddicd 3
TP RS

N

£ % Saastamoinen -3\ &

’ _r‘}‘_]ll—b

& ifp

N

FoF % F¥
TE KRR ILE 24 GPS 3
4 Bernese v5.0 ~ GPSNet % » §_p @
* PF o Niell photSoficv e iz — A1 78> v f ik 2 B3
2 ¥_Modified Hopfield $i=5% > d z

RGN S kTS
Y R
S gk 1 epk b S0 Bic o
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=

SR A2 AT E g A e & (Dach et al., 2008) o
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§24 HpHB T i FERR

B %eh GPS 13 75 B g% - (Single Point Positioning, SPP) ## &
Eac o © Bl (REUS LF AR TLiah o Ft 1% Ul 4p iz
BRI EEFL A DTERER 4 ’%ﬁr’ # % (differencing) > ;' +F
PR AN iR PR L ~ R PRRL SR BB R 1
FER o s R R FI PR AL LD A g HAF
R BATH S ¢ R T o2 v ERE Al (k) ¥
AR LI AELA X (B )2 BT L IEREPE > » B
7 GPS Ap ¥t e it E»FEH R o

—Eul

i H el (PPP) 1% 34 & GPS ik & B {ciEmh FFik

Ao 2 B D ET RO AP BRI R (TR g - B A

Hd F R SIER KR (Jet Propulsion Laboratory, JPL) &

Zumberg & % (1997) #r3& 4 » I At P ATH B il T B0 S

R Redm PPP R 2 A H SRR TT AP RP EAH

TE £ I B GNSS PRE%.&E“?%‘% (International GNSS

Service » IGS) £ JPL * 84§ #7#% & 91 iJZ (post-processing) ¢ ¥ ¥

(realtime) =¥ % & J& &3 Gk Pr4k T30 0 7 IR ﬁlﬂi‘};’ﬁ? Mg 3R
T o

Ay 2 # iy B T

S

IGS 2z i Ll 4B 213 57 o« F]pt > 2 H Bz~ AR A
%ﬁ&ﬁwﬁlﬁ#%&ﬁﬁﬁm%ﬂkCﬁiﬁﬁ?ﬁﬁﬁ #
B o4 ¥ Galileo 7 4 2L (Compass) & GPS 2. ¢k e >k Eoww = %
AP P TR A A R R H BT Ak EARE AR R
géiﬁiﬁ@§°

GPS M R H BT > H g3t B L o T i Hjrs H Frk2
Feeo BB & A AR E T PR U dr gl sh R ko e s F]pt
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A FRE IGS FIFE P BT RE R e HWR A L § K3
% #F B e ITRF(International Terrestrial Reference System) o 4l
FTEZRYFHAFEESGp LG o m kR E LT B F
Eﬁgﬁﬁ%%?ugﬁgwgﬁﬁ&FmFiﬁﬁ%(mwamd
Héroux, 2001) -

2008 Feb 25 165247

B 2.15 1GS gLip
(4% p http://igscb.jpl.nasa.gov/network/netindex.html )

IGS 7 3% 5 7 b il @ > B X g2 23 B L3 d 3 87
A A GPS i gizhappliicdy - 28 T8 T B R DFEE P folF
% PF4k A & (Parkinson and Spilker, 1996) o % = ¥ 12 8 &4 * IGS
g RO H %&’ifii}iiﬁfﬁ? MR Rt ITRF 1228 7 hg 4
Boo Flpt g MR H BT T U Y S PR BT iR Ao F A M
%ﬁ%i&ﬁﬁﬁﬁﬁﬁ;ﬁﬁ%%?u?msﬁﬁﬁggﬁﬁg
T oo ¥ Ak k- L EP Galileo ~ #2727 GPS & JLiBip % v 0
# & GLONASS ~ ¢-:# ¥ B e¢ & Compass & & Sete x 2. {8 » = 3 ¢
- TJ'&’? TV R R H B E Y ik o BT R R H gl
BAcw Fofdoptetod S0 R H g i & 3024 & (non-differencing)
el IR R I R S ﬂ’ﬁﬁﬂ%??wéﬁmmaﬂ

el

BN EE G F 2o SAPMAIR T T E G PR RS
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P R AT AR 2 A8 R ¢ PPP oH R H B R g
ﬁﬁ%%ﬁﬁ@%?iﬁ%O%Wgﬁﬁgﬁiﬁiﬁgﬁg&
2003 2 2004 £ - AR EHDE LT 22 AR KL I
# B2 EARk o 4v £+ NovAtel 2 7 &5 {riiﬂat O L B T T S
7k e R AL R B R A B 3 A2 30 JUEL
(£ F4nie INS/GPS iz g e L dp 4 2 LT 4 hs 20
B Renhs U AR )T E S DA AFF R RIE S & 7% IGS
~“M FLig (7 24 [ PERLRIFT A2 3B 0 & Aok P A s

JarviE2 2 5a/@ o

- e

¥ 3 PPP # s cnHE K * 088 ¢ 35 Bernese GPS
software ¥ Waypoint 2. Grafnav #i#8 - F PF4c £ * University of
Calgary 7 p 73 & P3 #ic# » 2 373 A ¢ 7 £ # GPS/GLONASS
WPiﬁﬁ?i%T§$%ﬁ%&@i%%%PWv@jﬁﬁ%ﬁ&
_L")léf’%.i%,"li°“,$"Ji%§ﬁ%’f$ﬁ@’ P E S R RS
;iﬁlmpygiﬁﬁ,@wﬁzgj@w%%%<v’éﬁiﬁ

1 PPP 3+ B JRIFE Wbk 2.3 -

£ 2.3 S PPP IR i

JRIFT o CRE | B ] et
Natural

CSRS-PPP Resources | %t & = | http.//ess.nrcan.gc.ca/2002 _2006/gnd/csrs_e.php
Canada
U. of New

GAPS ‘v £ % | http://gaps.gge.unb.ca/ppp/indexv2.php
Brunswick

APPS JPL E Ny http://apps.gdgps.net/

MagicGNSS GMV o ¥L7 | http://magicgnss.gmv.com/
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Cai et al., (2007) 1% & £ o R H g2 =7 8% (PPP) & 174
& GPS fr GLONASS e fs T =8 R » 3% % :fﬁ d1 s B 4e GLONASS
FE VT IR A FEE B o T o bR E TR frE RS &
s Bl ek L fodtin B R P R > 1T H AT 42007 £ 4 0
T IR #1c 2-3 3 GLONASS f#Fh iR ™ » #rig = chlg % 5 A ke
FRBAERE T L ED O RER LR 2 PR 5

VARERE At o @ K (T R RBIER

BN PPP sz ApMEFE 2 6 W2 R CERD 2
551
T %

?@J ZREETANE L X RFAE - 27 B2 ® L GPS BB
¥ 2 PPP $ic#8 (1 & ~ ix¥eiz » 2009) o @ * IGS &% & Fi2 (78 fi
HBHET P Te 3 T HET NET 3~5 08 2+ 5425

v RPN RO A % o

Tao et al. (2007) 4| * & £ »#r 2 H 22 > (PPP) i#h 2 s 8%
R RS IGS (h 11 BELRIHE - T8 IGS F 3 7 Il e & ot
B0 @ BkdAp 4 PPP i cnig % &1 IGS F 2 AT Benihin A s B
41224 HEL R AT kT (PWV) = 6 Tao ef al(2007) F1*
SRR et B R R IGS T A i cngpat E R el A PR
B iem ) G 8F 5] % k% PPP-PWV 2 IGS-PWV 5
3mmUp IR d MR HEGT L R R E T

- B A TR K R E 2 Taoeral (2007) 7 ip 41 4 ® H B R
Firis GPS #7 s - BYoeFrgda1l TG
x

ST BT L N STy R Y SE

=)

=

§2.5 GNSS % BRin2 ¥k

GPS iz it 2. EfBF A3 2005 £ BB > 3% & 9 7 B b
B #7 GPS Block IIR-M f#Fk ¢ SR 48 ¥ L2C BLBIE o W ELBIE
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AR AR L2 GE DB ATT BRI L g 0 T R G R R
L2 f BRI R il R R0 UBLA HTA 2 T 2
o M AER Ll C/A TAERE{ W ;&;%ﬁg%éﬁ L2
TABEPIE R T Ak > 8 T =M A o GPS Block IIR-M .

72k #_ Block IR e% = Rz £ & 27 8 3L (Misraand
Enge, 2001)> p # ¢ 3 8 % Block IIR-M % & &&i¥? (PRN 17~
PRN 31 ~ PRNI12 ~ PRN15 ~ PRN29 ~ PRN7 ~ PRNO1 ¥¥ PRN29) > 4r
B 2.16 #751 2010 & 6 * 30 p 2. & ¥ o HiT— X3 SFpFRF 2010 #
59 28 p 5 pEt E#3EE LS sz Block IIF 4 7]k > o

X 2009 & 3 ¢ % &+ PRNI(IIR-20M) Fhdp &1 7§ ;U304 2
IR G o 34 HEA Y 2009 £ 3 7 24 p g s BLE 0 BT S
P sk A2 5 3 B GPS TIR-20(M) ik ez 3527 2 4 GPS 1IR-M #F
EGELEET 7 - R FlL L & TS B ohdug RRIFER > @ f
qohAR G~ T GPSE Y & Y o FlH R RGPS * LG X 5
PRAERZEfRKFEFRE AL E B/ ot >4 Hxih
FEFTAE o BB e L PEIfor s 2% 4P > GPS
[R-20(M) #7 VIR e g # 3t L5 57 3505 B o 07 3B
Pte CREIFEIIEGFT ) A F4n® d LS B PR AR
Fo RGN RT ¥ LA R LS F 2 o
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GPS CONSTELLATION STATUS FOR 30 JUN 2010

‘CLOCK

|BLOCK—TYPE

|PRN

|SVN

|SLOT

|PLANE

Cs

A

09

39

RB

IIR-M

31

52

Ccs

A

08

38

RB

IIR-M

07

48

RB

A

27

27

RB

IIR

16

56

Cs

IIF

25

62

RB

IIR

28

44

RB

IIR-M

12

58

RB

IIR-M

01

49

Ccs

A

30

30

RB

IIR-M

29

57

Ccs

A

03

33

RB

IIR

19

59

RB

IIR-M

17

53

RB

A

06

36

RB

IIR

02

61

RB

IIR

11

46

RB

IIR

21

45

RB

A

04

34

Ccs

A

24

24

RB

IIR

20

51

RB

IIR

22

a7

Cs

A

10

40

RB

IIR

18

54

RB

A

32

23

RB

IIR-M

05

50

RB

IIR

14

41

RB

IIR-M

15

55

RB

IIR

13

43

RB

IIR

23

60

RB

A

26

26

GPS % #

7
~

B 2.16 2010 # 6 * 30 p

(4 # http

/lwww.navcen.uscg.gov/navinfo/Gps/)
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(W3 E ) ee ganld GPSIIR-20 (M) 4wz 4 e B 48k
T A ESEARST B L 0 ¥ % GPS 1IR-20 (M)i#F4L &2 GPS
e I FedF - 3R o

= HenE L e % B GPS Block IIF &4 » b 5 5 B a0 43
mE g g; SOI2MEEE B W ERA S P KR 2008 & 8 0
Delta IV % % 2 642 3+ % F|cda&k 5 £ £ » GPSIIF 2z % - 3 fFk ¢
2010 #F 5% 28 p g Ete p AR 2012 B R A F R 12 3
#% o GPS Block IIF f# % #- % % = B #5 5 L5(1176.45MHz) gL
¥ 0 EPF GPS &1 5N d o BLBIE S 5 = AEELR k5L (Misra and
Enge, 2001)  J* — 2T #-¢ ~ Mgt I G AP ¥ awzl_aﬁ)i LTI Y-
GRS RATPARRIEEA A LR R 2 dd = AR
E2MPE s A tghA P w IR ARGE @y (L
& > 2009)

d BB 23 B e GLONASS #-&wiprk ¢ ko 3 1995 & = =0 3%
FoRd N FEELSY NG 2 EERRRICA A R
B8P d 1995 F 263 MTEZT 2001 T EE o e E_p 2001 &
A2 Bk B 27 it 2 4 Ja 4 GLONASS 2038 (7 3 4% 114 12 GPS IR

'L“—"J—
bz 3td o

;v*% § - H L 2003 & {8 7% b GLONASS-M f##% # -5
SR A MBS A L2 S P O H A e R BT L P E A 2008
& 15 474 B e GLONASS-K # 5 ¢ #-5 = B 3% 3503 4] & L34 &
11— 4% 2 37— 8 GLONASS s it o 32354 952 4 2010 # #-5F
BB RE 24 2R EOF MR FEOR o p T R
GLONASS &l £ 2 b » Bt b 5 20 4 MO S5 A R I
& ;% ¥ GPSIIL Galileo 2 GLONASS ¢4 % GNSS if & 4p B $ v & 17
1 2  fhR o
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dofe AR T 7 GPS - f 0 KA K9 GLONASS 7 g ik = A R %
MBI ERHRESL T RSN BT A5 2 o ok GPS
- ¥ » GLONASS 3 - ZEET A2 B 215
Bm 5 2010 £ 6 % 30 p e GLONASS & % o 4 ¢ Bm P a0 F 23 3F
GLONASS f#kh » % 5 AC 2 & B % g en M & 7 firk T~
benfErh > PRV R fEE G 213 HA2IEE A Y R o @ B
177 GLONASS f#Fh = & F st F 5 2009 & 12 7 14 P (Fk %
Boowl s 730733 2 734) 0 Ak K k7L 2 LICR 2 L5R #i%
% 1t (CDMA) #73 5L o L X k& Z GPS ~ GLONASS - Galileo
4 4t (CDMA) #7313 5 2534 48 4 i

21l ¥ ¢
f

ZHAZ %

B
¥ Compass ‘% € FHiE 4B A
PRy RRL:MARRFRLFZ F itk FRREK:

Ve £ TR AL E i -

Operation Life-time Satellite health status
Orb. pl.[ Orb. slot RF chnl #GC Launched Operation ends Comments
begins (months) In almanac In ephemeris (UTC)
1 01 730 14.12.09 30.01.10 6.6 + +10:59 04.07.10 In operation
2 -4 728 25.12.08 20.01.09 18.3 + +10:59 04.07.10 In operation
3 05 727 25.12.08 17.01.09 18.3 + +10:59 04.07.10 In operation
| 4 06 733 14.12.09 24.01.10 6.6 + +11:45 04.07.10 In operation
5 01 734 14.12.09 10.01.10 6.6 + +12:00 04.07.10 In operation
7 05 712 26.12.04 07.10.05 66.3 + +12:01 04.07.10 In operation
8 06 729 25.12.08 12.02.09 18.3 + +10:59 04.07.10 In operation
9 -2 722 25.12.07 25.01.08 30.3 + +10:59 04.07.10 In operation (L1 only)
10 -7 717 25.12.06 03.04.07 42.3 + +10:59 04.07.10 In operation
11 00 723 25.12.07 22.01.08 30.3 + +10:59 04.07.10 In operation
! 13 -2 721 25.12.07 08.02.08 30.3 + +12:00 04.07.10 In operation
14 -7 715 25.12.06 03.04.07 423 + +12:00 04.07.10 In operation
15 00 716 25.12.06 12.10.07 42.3 + +12:00 04.07.10 In operation
17 04 718 26.10.07 04.12.07 323 + +12:01 04.07.10 In operation
18 -3 724 25.09.08 26.10.08 21.3 + +10:59 04.07.10 In operation
19 03 720 26.10.07 25.11.07 323 + +10:59 04.07.10 In operation
20 02 719 26.10.07 27.11.07 323 + +10:59 04.07.10 In operation
21 04 725 25.09.08 05.11.08 21.3 + +10:59 04.07.10 In operation
" -3 731 02.03.10 28.03.10 4.1 + +11:15 04.07.10 In operation
2 726 25.09.08 13.11.08 31.08.09 213 Spare
03 732 02.03.10 28.03.10 4.1 + +12:00 04.07.10 In operation
z 714 25.12.05 31.08.06 19.03.10 54.3 Spare
24 02 735 02.03.10 28.03.10 4.1 + +12:00 04.07.10 In operation

B 2.17 2010 # 6 *

30 p 2

GLONASS % #

(4% p http://www.glonass-ianc.rsa.ru/)
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Galileo 43 7 A 528 % - (2001iz4) 1L & S 7%
wﬂﬁﬂﬁﬁw%ﬁ@ﬁa%ﬂ’&ﬁiﬁiﬁéﬁﬁmOMt
Validation, IOV) o @ IOV £hi & # 3¢ 5 *% 2005 & &5 & 30 47
¢ cnAsp sk L Ra FRPE I T 2 5 F 2 FEE
BERAERE S - a3l #raE g o dow frik 0 § - 3 Galileo f#F
(GIOVE-A) #£3& % 2005 & 12 % 28 p #4644 % o - 82
ELRIFEEFIL 2603 FLE DFHEE G APMA MR T ER o
CHERIEBIARE IR R EF R IR LT F - Pt F o
FERERFRET 20 F FERSPARE D 2013 ~2015 # o %
Z 3ERE L (GIOVE-B) * 2006 # % & % % %5 2008 & 4 ¢ 27
P Ros gt o

e

~4

ES

® RS AR < B RS B 42 GPS & Galileo p i sh2
SR L S L5 A 2L = L (Compass Navigation Satellite System,
CNSS )o gZat sl — 5100 3 3ffeh ik % & N HURIEZ 7 i fp 2
T ket S Z SRR 2 BoB AR ) 35 41 0 b Gk R
SAFAF L R 30 3700 U Rk 2 ALBLE R STk o @ R
P> 2010 & 2286t 103FFE 23 FRERZED30 &%
FEIEHRIT2015 FEE =& o

% % ¢ Compass ¥4 7 f8 4 % 2 B JRi%(Open Service)# 5
& $% 18 PR 7% (Authorized Service) ° 3% 4 ¥tz % - 3§ MEO #F i
(Compass-M1) = ** 2007 4 * 17 p 4 6f = 5 o & 3% 4 S5 ~ A7
BFh e 32009 & 47 1405, 23 2010& 19 17865 =%

!

o

f

q
™
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l

F=F RBEHXREHRELETEIEE

i
e-GPS gL Tk % & PPP Hjkra B X

kit d AT e-GPS o PR G OF S KRBT B
7

LR SR TRV SN g

SRR RATEP M BT HEA] TR AT A RS RN 4 6 R B

o

§3.1 PPPH % ¥ g 8 F -]

FiETE v B Rt G PPP S AV S| B AT

BRSO R AR L m BREE R R T S 2 BT A
& B3] (Zumberg et al., 1997) » H 238§ it 4o
1 fy
P = P— p,=p+cdl+d,, +&e(py)
IF fiz_f‘zz 1 flz_f~22 2 IF (3.1)
/! f

b, =p+cdl+d,, +B+e(@,)

= (Dl_ )
flz_fzz flz_fzz "
He p, FREIEHR R & b ZEZTHAAPEL 0, 5
HAR o E o g THEREEE S LTRSS

/! £ P =
Bp=—"FAN -—2 =N, 5 & BEZFHA
fl _fz f fz ‘L‘*}H‘é] {

§(Pp) B e(@,)~ B 5 mIRIEHZE JULAp BELIRI £ 2 BLIR| £ F23
EAMPA M HEEL S dl=dt—dT > dt 5 #FE &L dT 2 &
Yo R PFFAR A o

B

Uof C #Al ;4 xF 2~ F7FF NI b’%%%i%ﬁﬂ‘]
(Shen and Gao, 2002)  3Z #7322 @ 2oy A 3 = - 4% ",’T‘ EIE A
THA AR S b g L1 & L2 - RS T AR B AR e T
PNl hoptene &g T AR T2 Pt o AP eh e

P B Ao
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1 1
Py ==(p+ @) = p+0dl+dtr0p +5/11N1 +&(Pirpy)

2
1 1
Py = E(Pz +®,)=p+cdl +dtrap +E/12N2 +&(Pira) (32)
D, = 2f12 2 O, - zf22 2 ®, = p+Cdl+dtrop + B +&(Py)
h =5 =1

e py B R, AWE LD #12- BMF P mERIERE R
wa£$1EM§:%7é$ﬁw&®1E¢5@?

&5 e(Pp) ~ e(Pry) B e(@y) A B G Z FERP
2 OAAHCA T AL o

\v’b
;E
lul
ey
\'rq’\
-k
=

2. BEAALESD S 2 E- AT R S ERIRY AT
§ SRR & BURIE 2 P 2] L e f sl dp BN R (89 1
TR A A g R ) o a2 BT

Py = f2 W4 fz

/=1 1= 1
Op=0,0()-P,>0-1)
= p()—p(i-1)+c(dl@)—dl(i-1))+ dtmp @) - dtmp i-1)+e(AD,) (3.3)
=Ap+cAdl+Ad,  +s(AD,.)

Dy = p+cdl+dtmp+g(p,F)

trop

PG3) FRATHERBLELEZELLIAL S Ap > cAdIE AN,

G5 5 2 BARMRPE R 2 B R EEHLE R TR A G R B2 £ o
BLRPIE 2 BLPIE FE 2 AP o nf L e 5 B ERRBIEZRRE
FEUE AP TC anREAL o

FIp A 50k BREA] GYGB) L ZAEAY Rt BB -
o BEERERY S G R e F AR BTN bR
RIE Y chie 6 ik A RUE R iR e 17 R o i 117 Bk
AT EPFEHRFE AL BDEEE A EEFRPE NI E S e

$EH B BT oae H o S BIP) B e ARt T o8 (3]) ¢
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SR IT S R AT Ao b Ap R B A 3 B o gk
o BT R E A S AR > EGEE B ALY AR YT ACHT G ehpE Y S
L

U of C #3¥ e fr oA enigfiin & 3 v r i 15 - 1
THAE PR viE g e R EEEPIE Y RN o B RANTDIR G
BLRIFEAR Y > G PIE A N B - X By £ R
o de e PR I8 ARBER] 1 R L2 A ] Bl A A gD
Pl arAki- > B iEs AT o ORI BT3RS H Ao #—%fg‘_k,jj‘,lr;
7oA u g L 2 L2 2 Fib il & 0 @ A & L g
#t 7 T_ (Ambiguity Pseudo Fixing) (Shen and Gao, 2002) - j&m ¥ 14 4¢
i fEE AT T AT

ﬂiﬁia,ﬁﬂﬁ*ﬁ@ﬁW%%iwiiﬁﬁ%#%w&
.,l

PR T Aot T UG s R RE T T RDE R dp L BB
i R fE i ’m;/i‘/z*’ff:'i‘]f%?f'%liﬁ?,féﬁ"ﬁf':ﬁﬁ’i R o
BRI AP RP R Y L BE By o

TF EF R R T P o PR AR £ A
FREPE XKL Fwid Eﬁ’%'liéﬁi&év’ﬂﬁg“?&”ﬁ P Pl R chdp
FRLRIE R E AR o D i BRI T i AR SR o
b AR LR RE I O A R Sl (e AR 4o BRI i
AR o F R AR > 50 B AILS { o AR M -
AL G i L AR R R RS AR TEZ
RIE KW > & 3 VRS ARCA 2 A A L ERIT R - BB
gt o

P
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#3.1 =4 PPP #-7]2 ' i

LN 5 : 0wl [ R il UofC #-3) iﬁ'ﬁ/ﬁ»;\ T_E
T AT E|2ATE AR LI & L2z |laxdrrEk
2RI | R e P | EEGY A A TR i | 2

f* TR ATLE DR

rn

ey

,E’%ﬂ; % 'J‘ bb: PI{ ﬂ

2y 27 2 L I
;—;:E.“JL i3 RN 31‘:,

B R

SELLEC T E

hﬂ”hlbﬂiﬁ@bifﬁﬁo

T R S

§32 PPPH % BB Sl K

A VAR ) LR S
B5¥c kR EREGE R A
B OPEAR AL o FTiR etk

WM

itz E f

P T S

T, V- AN

Tk B2k o BASL GPS HARFE Y B £

Heggicdl -

é__‘,
B OpERGR Z 2 MR
R H R R s 2 e
£ oipdt A A T ZEH e feln
P AR B “i%#@%imﬁ'%c ,
5T 4 FA)

BTG i

CEF gL

AERTEL RS “zﬁ,ﬁf““' G X

22 ksl N+ g

= 2

B Al b F AR 2

R AN (o R %&i&iﬁi#fi@?’:@ﬁ" JERE % R EER L
/f%]a R A TR

g #5254 (Random Walk) #-7] o
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hE AR - AT .é’*::’r%’_la\i’%ﬁiﬂ'“fffﬁﬁiii%
B v o R PR L 2 ST o AR Al R E R Y o PR A
5 T AT Sl R AR B - 7 R SN AT
PRER A 12 HEBYE 0 I N ehp B A B AR e TR o TP AR
IRUPRAEFERT B SIEN ot HBRAIR AT on T S
Jai* v SeMEAE RF PR L 2 EWEAR LA RSPFE PHET
s - ,;,A\ilﬂa/ﬁx/\gﬁix ;8o

5

§3.2.1 ihie N g - ik

N
H

BRI BRI EARY > S r it sk FF TR

E)

(7= ) FIenpLip] o o TR G LAY G H A TR Ok e
FRLR] 2 ERI- LT G RS e R R fj‘{ﬁ‘iﬂ%— Lenl

B 1% B R PR AR B HEEE TR T B3 o S

B EI T RA L ARGV IORE R ik A R Y

WA EEFEE RS RN FLERR 0 B AR R 2
.E.

—

{w

|
P

BE >R BRI B el 2 2 T i ) #7 (COF. Gauss) o % &

%1800 # 2 LA ) o FkiE o B NI FLE 2 3HE o B
FH k40 £ o (N.Wiener) #> Rk k R R <~ 2 987 §
3% WA fRAR T SR I D R T RN R A
IR A EAEBE R R LR e HIBIE A K 2
B iR PR L o 2 d ELRIPS B e 4o @ i AT
Frm s 2 e e R 2 ek o F 2 B LR TR

&
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|7 P2 % 60 %+ & (R E. Kalman) 7 A% kit 7 Bt
Ao SRR M- SRt o v A £ BB B EmRN
SRR R A SO A R UBLEARAR S B F fRRUTER T -
%@ﬁﬁﬁiﬁ*’ﬁ“ﬁ%”%ﬂi%ﬁ?*—%%&'ﬁﬁxﬁ

i o ot SR AT LT AR R ARG ¢ § AR
iﬁ%@ﬁ°&mhﬁomi&£m#% HE o+ & B FHadk
WRHAR B PRt R B & o % 0 - ﬁéf’#‘gﬁ'ﬁ?ﬁ]@ R VR 2 2

Hd o G R EES ﬁﬂﬁiﬁ‘]ﬁ@i ¥ R el AL BRI S 0 T &
PRPpATORIR s — Bl B et Rk kA e
CR T T AR AL o SE T BRI S 4o o U T L AT
ERS i T LS EEE S SRR BT SR

Ve
By

’l‘iﬁ%ﬁfg‘biaiﬁﬁiﬁﬁiﬂ g plikie Mg o fEed
EpA BEsditdiia kb 2 R AUR B Hdp g A& ~ chiic
F1E o]z %%;L? Y1 BRI E i e St R
RIE 2 B BRI E B T A S

f(x)=Ax=[+v (3.4)

B ox Galeit Sl fiy) BRI %‘”“' A G TR o [ A BRIE 0 v
:aﬁ:ﬁ'éﬁ—a o FUPEA T S Jo vy B BRI B Sl

x=(ATA) (3.5)

EREPIEPH S B Q ¢ s BT E St S| =
%f’)J_ 2z

x=(A"PA)" A" PI (3.6)
#¢ p=0’
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I
x=(A"PA+P)" A" PI (3.7)
= Qx71 (3'8)

$#2° GPS TR G AR B R AR A R o
fﬂt“’éﬁs’?“‘%“l‘-}‘ﬁ’ ;b,;?fﬁ,\ J’hll"“;,‘x 3-5’1/;

PK+1_P PAT+1(AK+1P A1€+1 K+1)_1AK+1P (39)
XK+1 X +PK+1A1€+1r1;il(lK+l_AK+1)2'K) (3-10)

AP R tie (%

=(or 4y 3.11)
X, =P Alr'l, (3.12)
KNP A 3% k] EBehii e

~
bl
+
~
Y
53_,}

Rkl =TRLR]ERLR] B

F ktl TELRIEZ % B
Xy » ktl IR hE B
Piss é\ H #B}%m% ‘ﬂ‘:'“i‘

~N
=
I
~
TR

=P, A}

KK+1 K+1(AK+1P AK+1 +1)_1 (313)

Al
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)%KH :XK _KK+1 (IK+1 _AK+1XK) (3-14)

PK+1 :[I_KK+1AK+1]PK (315)

DR ETET SN ST T P N I L S e
AF AR AR R R R AR T R 2R R
B S8 B T i S AR R eELR] S AR X 3 G i S EchE X
RATR (e 5 KR A F R AR T RS LA B
Fp o TR YL f ket § R

§3.22 * R pAE

PROEST Y A AR KA 0 - A S (Dynamic) T
A T IER NS T A d s @R ERAT o
fAf % # . (Kinematic) (i s ) #0530 AT 4 W i@ &k i S8
Fkdd e fI Bo) :’bf\"/‘z‘ W2 GPS #icyp e gh 2 oA i H
EFB RGPS #jcik =8 2 & fEiF 4 Fliceryk i 4 - & GPS B
¢ R e ] BRI - TP R R Ao R B 2 AR E R
ToOBRGEA A LR R A D PR - R RERE
Eobo I R FEU ALY R L EoRI MG F Rk A
1960 #d + & - AR A] 2 R B o VI T REZR
iE e+ 8 RAET 4o T R

(1) /Zﬁ‘?-ﬁ‘ = ﬂ'\ju“} =R RINFS ?HJ‘F&;{_ F"}IZ' L_EE P /}%’;Iﬁtgg » BT
R R N S AT AR -
() # % B AT B AR A R R A

EE T Y -lyffr‘n’ s ¥ {?E-I;E%ﬁ?o

+ & //%L/P‘»Bg% e gL 3t GPS % fk T o
PR e R 0 v AR g vk T

Wk MR E R R EAfE
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Bk SUMBRAT ¢ Seeryk f > AR foBLR > AR G

X :cDK+1,KXK +hwy (316)
Zgag = Hg Xy +viey (317)
JT\“‘:J X[(I‘% Ill/ﬂ’.}qjtﬁ@:«rﬁ'i°

S

kg B DXDEF- HREEREL S v E - BEG TG

2t B sprd

(1) ®=1 (nxn & L)
(2) q) K+1,K q) ;(1,K+1
(3) cD1<+1,1<(D1<,1<—1 = cD1<+1,1<—1

R Qpn- ¢ dvehs B o, B AERAGL 5 Sk
Zxi] » m BER e §
Hyg.p 5 mxnﬁ;‘ﬁ']—’zf;“i
Vel » MBI e B 0 v, ) BB RSB R (v, ) F 4P

MR o A B
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E{v }=0 (3.20)
E{vKov,T}:RK5K, (3.21)

E{WK ov,{}:O (3.22)
RK ;‘% - © —/T\_”E’i”?”;é «/{’F_'KE_

1% UG E S 52 AR A2 TR e i
7o R R g A BRI R R IR E ik R =

(1) iRt ¥
B - R E X(k-1/k-1) (4 E)3 B IR E
Xk k=1)=®k,k-1)X(k-1/k-1) (3.23)

’]‘531}7%;"7"" ZEF gk FAER S EL Ph-1/k-1) (244 E)
M en S e QK HEFEREAL %S e

P(k/k=1)=®(k,k=1)P(k-1/k-1)®" (k,k=1)+T(k-1)Q(k-DI'" (k-1) (3.24)
Q) #+EFE g Fed
Higk 3 &L 5
K(k)=P(k=1/k-0)HT (k)[H(k)P(k | k-D)HT (k)+ R(k)]™ (3.25)
g aTenpLpl & z(k) 7 3

(k) = z(k) - H(K) X (k | k —1) (3.26)
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Qe T3 EFE
B St

X(k/k) = X(k=1/k—1)+ K%k)v(k) (3.27)

PR RAFLE S EL

P(k/k)=[I-K(k)H(k)]P(k/k=1) (3.28)

AR o T g 3o g AR A A RTE VSRR - 13 1 7ehif

JE I m b j\p P ST FBLPBcpc S BT R gk T U EF
AR R B e B R TR R R R B R B R B
FABEARER DT E N TR UNER (lhrz B¢ L) o

NRFE RS T EBAENE > a FE R FEALAT AR RS

-t t

4 o fgﬁ;i&;f% TR %2 T R oeniTr > NI R FATR R o

A AR FIL R TSm0 (1) o 2N § Ik A 27
HAE Fla 0 Rl O e A e R RS R L R dpes &
8 ¥ I L R i P S B A e ] e
AP G he B R AR T s Y ETE R R P R
FA O (2) Bk e Hrﬁw |30 hsiat S 4k £ B iR 0 Fl A S

B E e i A E i

URTr@y 03

A NEA A B E GBI RS e d 3 o R
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FEFAC R HE B AR RET g A B g ildciT
BRI Flakt BHACIFLIEY RS (D) Q) £k 75
A el B A o AV s AR R L B e R B0 T O ARG
FAOR G on= 232 F 97 # B 23k ¥ #uFEs i (GNSS) Fm &
JRSL P KA L (W & > iy 0 2009)

§3.2.3 pdciit

AL GPS FLpF - %% %fé%’/.%z;‘“\ﬁitmw&%ﬁ Jeb > BFAEZ
HEgidle @ A4 Bdp Ly 3 & 3 R ok L ©n R
FRBoTEIHA c A F o HiE %ﬁ%ﬁﬁxm"iﬁﬁ%ﬁﬂl - B3 -
d2 GPS TR F &g & AL FF BT ok d At <
FRPORKTAGERFE SO PR @ FH PR G R g
o plr Al b B a-ARLRZNF BLEALY
Wa A - KRR BB T R - R AT A
WA R SAEAR TR o T R Hipd 2 - K3t e

B - BBV A AR R R RS

) __ PO (3.29)
dt Tom

H ¥

Toy # BB > W) %> o, NEFHEY 2> T
E{w(®)} =0, E{wOm(r)} =0,6(t-7) > E{e} %7 LI Z -
(3.70) ;S endrigit f2 5

pt+At)=mp(t)+(1-m*)"*wg,, (1) (3.30)
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H e
m = exp(—At/7g,)
HBpiphd ik -

R(z)=0,, exp(—7/7,)

Ogy »— MFFATET X GARDRELEES > LB LS A2

(0=, )0% ()

R Op BAMBT 1, HAM G

e =TouOw/2

¥ Toy 0 —IFBETE T A EARTE L TSGR

ap(t) _
dt

w(t)
S
pt+ A1) = p(t) +~/Atw,, (¢)

YA BRI S R D AR

—oc’ (=0
dt =0,

(3.31)

(3.32)

(3.33)

(3.34)

(3.35)

(3.36)

(3.37)

B2k SR AGEAR TR S 3 LR L - Vi HEgRE R A ¥
Lo gy WP REWBAEAT AT RO RPN DT ERY ¢
LR B RPFY] A P IR 0 B - P ARSI S BTT R A B S i
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A1 o o PRS0 BATSEIUPE R B A PR Y i
B 3 lASHERS U R o 0§ 4 eniB A S UPE T RO
S B R LR RIS 4

P

Jj+l

= MP,+W, (3.38)
Fa

Po-%dlie g M s - $He@aeapstEL Mot iR

Jéf;u—,%; :

3y

M, =exp(-At/z;) (3.39)

B A=ttt o A H R G e j R PBR R

Y
7y A F e I BAE SRR Sl 2 MR -
w, b - MEHEL > HipE iR o

J

E {W_/WkT } =00

(3.40)
g Q kS E Tt )
g, =exp(l-m.)o, (3.41)

FA o, B0 T B SECIRE o o W S EPRITE R R

2 2 2
Oy =M 0p, 14

1

(3.42)

2 _2 2 2
=m;o, +(1-m;)o

1

WS AER  WHERF r50 om=1> M ;3 H =4 s
2 RE o A% g BEIALELIDLRL
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2

g, =limZs (3.43)

r—>0 T

FEREYRP > CHNEHTEEBIAN o Jg /A B
2~4x107km-s7"* & (Maybeck, 1979) o

& GPS Z » 4p ¥ T P AR 2 LA s ek
EA r"ﬁ;?',fgﬁ’?

i A i;@fﬁﬁa}; RIS A o M AR PRREA
VAN BHEI Y o PRRGEL AT A SR SRS AR R
PR ef £ g 0] o 7 R SN R R A R 0 F
el FRE TR A SR 2 GRIES F 0§ I 5N el BB
PRk TARR R Y 0 R EAR IR L % (VAT ¥ g TP
GRAFI A > TR BREIIENGILHR > L EAER B R
bR iE AR AR L SRR VRBE T 5o HERST LA
BRI LY FRERAL S R o Bl AR TR T 9 IR
Ak L Fiven™ 2> Al By PFAL B H B PFE @3 AP0 -
Pk £ %ﬁ%ﬂ%$&*£ﬁ§°$TW:O%’*%%%gwi

T(t)=w(t) (3.44)

ERERT Y B TR S AUB AR 0150 2 AT
oo e > 7=0  m=0 @i f iR g A F -
PEAFR2ER A AHLAT AL O HERTAEE AR
B3 0q o aF - piERIIh o B H g iERT 4p (Maybeck >
1979) «

§33 PPPH B E B2~ 2

5 GPS H B H5 6 R SRR B 4E 5 T hi E U S
fopbgk LB (el o o ST HRIEH BRI E g 10 24 R R

61



E{mhé—}%}ip A \ff'-‘_):}t Er;‘}éi—\g;m J'_T—_—f }iﬁ‘g{ 10 ;f/’/ > by}
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Z 10 > E&mo

{

Ao BE BT A 2k E T IGS g BSEE I R FEL L
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BRREEDRRIERE LA BB ETE LA DT L o 4w BT
U & i E+afmﬁ*ﬁ;9mﬁﬂﬁﬁfii’ﬁﬁﬁiﬁéé
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BB se¥ i %2 R B4R 2 AT L st FlEE >
TAHZ T E ARG & o
A RE BT 2 B adlY 0 AR R M2 AL KRR
1 feferk 3 Mk P4k E - PLEFL ~Fh T Rppi=? SHA -
2. fr BLBAEF B cE O R R T AR Sk s PSR Y SR
'4,1)'{% o
3. frdgdc ik ~BlE G MR RS L Btk A AP B AL

J-*r

FRE Ol ~ R f el BRIk
§3.3.1 ‘fr’#&.v]t". N ‘)E'Ji'}-’fs M'ﬁ";ﬁ-é % R
W g F AR Y BRI RE R M2 KR

1. BICRPAL 3 N EJTR PN NS HIRT Bl # 54z ehid o ik
Praker GPS B2 £ > Bick- SR * ZHAR L E4 o
Hrpioftpineea Do FREHT LA s AR
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Blrkrmppizy w2 HLa GPS BIE P o BBIE Y L3RR
TP o F B, BRI RGP Y v H K
Feim— IRood FIRE o RO Y S REF R FUBLE T R
B3R ed § gl o 2 EPIFEAR Y SRR Y IR
2RV TR TS i N N —"ﬁii.’_ﬁ_?@ﬁié%i DA o XA
A E LT 2 EAEY > VA T RS g A R fﬂ BE
#Fm ) % 32 (Shen and Gao, 2002) °

o TRE(Y TR R S E)HEE R Shanil 4 0T 5 3
’*%@é;ﬁﬂﬁﬁg’féﬁﬁﬁm@o?gyﬁy@g%
PIALARD G LB MDD AR A

ﬁﬁﬁﬁiﬁﬂﬁo%?@ﬁﬂ24lﬁ’ﬁﬂﬁﬂﬂ
”iﬁﬁ%°@£$éﬁééﬁwiﬁwﬁ,%@ﬁﬁﬁﬁﬁﬁ

Bl ARSEBASeE 12 o8 kB3 e TE S A4 o

3
>

ﬁ;@ﬁé&ﬁﬁ?,%@ﬁfﬁigﬁ&iﬁﬁo%ﬁi
HoEgTma s od 0T LR RBRELIE B2 5ELA

BRE 0 s FBE R Y DS ) A 2 B

|~

3R B AR IR ) R AR IR D VIR S S o]
RG] B 3. SEIE T LB BT - FTEZ D

i IR RIE D TR T AL T AT
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(3.45)

The moon

The earth

BI3.1 & 3k 20 3k 2 BI(Xu, 2003)

U N 5 s w58 A pik%Tﬁé:ub%%ﬁ’ﬂﬂé:,pmﬁE%E 1,
RARhE S Wiz SRS 4 0 ) SFER p &
Tk enpedt s v AL Legendre % 38 5% & T &

W, = ,um M P (cos z) (3.46)

n=2

P(cosz) & — 4k n FFeh Legendre % 38 ;% o © wrf g = & 2 fg 3t

o

oS z = sin @sin & + cos @ cos & cosh (3.47)

3 (347) o~ 25% (3.46) 0 Rl it i Laplace 7 425
RS

:/“mi £ {P (sin@)P, (s1n§)+2z En ;'P (sing)P, (smé‘)coskh} (348)
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= FE2 p h¥R S fr h 5 ? 3R declination angle
local hour angle> P, ‘i % degreen {v orderk 7 Legendre 7%
73 > Laplace » 5NV R B T S B o wa
# %% (Parkinson and Spilker, 1996) -

AR P AFERALDRFISF OEH T > AE
FRERERPOREFN ALd pRH{frrpFH e g
v Bl - o HE - pRapRlE e T 0 ERFES

5 a4 o ﬁz41%m&ﬂ a’r?§%2%&°?ﬁ@@‘

4:\5-’__’
E-)
g
s>
éi
«mH-
=
o
45
(*
| ¥
4
!
[ai
&N
¥
<
fiﬂ
|l
pr
74-
~z=y
4“.
hac)
A

o BZEHELA DS ‘}ﬂ"‘,f SO R Rl RIS I IR ) L ES

* w
as, =we 3 g M) (3.49)
g n=0 g
as, = o sy M) (3.50)
ga(ﬂ n=0 g6(0
) (3.51)

AS, =h'—"— Z

gcos (08/1 = gCos@ol

AS, ~ AS, o AS, FEE R FOrf b e e L dZ B
> Wi I35 # % #ic(Love numbers) > W,(n) 5 n FFenf jmiz
oo gr Ry ABEIRE S W B Ry ARG f e
BT IR R @ ) 0 & 3% 4 (Parkinson and Spilker,
1996) =



oLy immz od w0 LB BREp iR Lo FEER Y
B4 o GPS 4k ek B E WGS-84 4R & d4E - WGS-84 &
s FAR ko A BTk 7 B4 GPS BELA Fk FI# G R
s R - BBEPER oo dedk 2R SR R LR 20
(AX,AY,,AZ) hsg it £ i R4 FL DR P iEE p 3

2B BRSLEL Ap o d AT E A
1
Ap=;jIXs—XwAXS+0;—KJA&+%ZS—ZQAZS (3.52)

Bomop ke

RS

NP (XY, Zg) R R R (XY, 7Z,)

o AR o Bl (AX(AYAZ) B OFE SRR R W TR

AX ] T 0 et OfX,
AY, |=|-ot 0 0¥, (3.53)
AZ, 0 0 0]z

;P oo R pEEER > WEI R e OS50

pr=%ﬂXg—XQAn—{n—YQAXﬂ (3.54)
10 B Jm &3 %% (Parkinson and Spilker, 1996) -
§3.3.2 foiFk 3 M anEL KR
HRHEI T EAY Y R FE T M2 L LR
FE AL A BT ES Tl e cniFh PR T GPS

ﬂ}%ﬁm;@fé‘iﬁﬁi(msﬁﬁg@y ok g e
% 2 I SRR P AR DT 0



FOERFR 2 RS AN 30 Feni ASLH R L PR
oM m&E T 2% IGS b o

PUERA R B FE GPS Y ahE BACE By o WL L
A AR R AL FOFE R R T RUE 2 B E e g
FA P PUE B L B R AT R TR Y B
A~ SRS O BB R e PR AL
B R LK 5410 2% > FRHREFOHER L NS 35 2
R o BIHER PR L - ﬁ%%ﬁ%&«ifﬁ?g LRI 3y 1]
FA RS FERE TS PERG S KA A S TR - T
AR RER Y SRR HREA R mERY BIEEE -

Pk P et Rk B A DAY R e s 2
10 IGS H et T A O %k P A A4 HFE o
AR A ORI E S AR T AU Y v R E L
Liﬁﬁﬁﬁﬁﬂﬁﬁé%ﬁum:ﬂuﬁﬁfﬁfﬂ@%éﬁﬁ&;
gz B areE o4 32 ZiFhE R
RSP L o AP B w4 E (Xu, 2003) -
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#32 GPS i x:ppizr? wH AL

L (m) (Xu, 2003)

Satellite Types dX dY dz
Block I 0.2100 0.0 0.8540
Block II/ITA 0.2794 0.0 1.0259
Block IIR 0.0000 0.0 1.2053
§3.3.3 fr 5L B oL AL Xk
e S Ao St ﬁm%&ﬂ;ﬁéﬁ% @}£%§,
) R

Hink FLA AL 8¢ 73 30e #Eﬁ;@méﬁf—z}éj $-3
BH LY mehf2 AT > HInRuE RO EE AV SE

= A e
I oFEA RS Z R T EDA ko BRA BIMA DAL TR
*°#%ﬁ%%ﬁ%@@m%§$ﬁ$&%?°*&?éﬁ—%
B ATS %ﬁﬂ*w%ém*ﬂ@ THIRE AR L B @

"Tq,\ﬂk—d—ﬁ: g} fT:'L W um 41“]'& /,.L/é] ﬂ 1@ %‘,\3 °

THA w6 70 22w P EIAFRTENLTHRE ST

#@’&&*%ﬁ’ﬁ%%%ﬁﬁw’ﬁkif;ﬁﬁ’ﬂ&%

REB EBRERE L BB :—Nﬁm*@%w@ﬁ%ﬁ

?@iﬁ»*ﬁfﬁﬁr‘i“‘s SRR O GPS BEAF BRI E ML &
%

1A
1*$W%?$%ﬁ.a%§ Eﬁﬁ3ﬁ#*%mﬁgitﬁ
AT T AT R R e B FIRE

FBYL 2420 o
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SRRl S BRI R T L - 4 RIRE o Rk M

WHL 0 AR ME R0 FRTIR G R Sa T T R
foo TR A A § BT o 20 S BT § TR T LA

AR FI AR E B R AL KRR BRI R o P
FBEA e N R S R R B o R B eanfR
DAY o M2 BRASELEH G o

»

I EH T AR A AL PR i T R AR T R TR
GBERER B E A = A)E b sl hirh Bi“‘éi'*’iﬂt RPFAR A
A AR PEAR L 15142 ih o GPS PRk € AT b 6 PR E )
L 045 Efy 0 e i @ BGPS BRI SR > 1 0.0045
MHz - fed >3 sk en@ s foiprh fFug it > 112 lﬂi:é: 4 b
Bl ST A i B el AL Aad
Hebg ix¢ & B 5% jpftshoc et 03> d 3t GPS fFk #iag &
- BARRIEGE > A FRPGE & B i T R AL AR e A
S22 s P A 1 %}m - ¥ B A SV o TR R
WAL AP ATRIEAL o v 75l ~ eh GPS R R

Atz—ze za,u sin £ (3.55)

*Y e AR IRIME DR e F S E & GPS Fh hifiTe gk
£ 5a 5 GPS WA MR & L2 M-a~ u v Cp >
At(ns) = —2289.7*e*sin E (3.56)
¥ e=0.01 > E=90°FF > ip ¥ B L EROpFF A E D E
B0 WL 22897 ns AR T 6.864 m dREL o AR B o &3

(Xu, 2003)
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§334 HpEMTFE2LEH

HHpE g2 8a73 > pw IGS &% (final) 3 E-i#
(rapid) 2 & &% # @%ﬁf}i\gi\vgglﬁg wAEEE 13 X8 17
P RSENAR o ¥ T TRt @ 2 0 IGS Ag i (ultra-rapid)
Ag? 2T A1 (ad]usted) F S e RER T 2 R R
BARTE 3 B IRFLdeifobhici- BA&G
LA B HREBEEPE LR R R R TR E
%7 IGS 2 %h o de ks g AFREE Y e (NRCan) 7 K4 4 B T
RTTREL A E o PRIFRLEE B PERELEL T Ko

[

FOETELP|BATE TERIFT S 0 22 0 A RdcE N IGS A2 p-i#
ARFETLBHFRZASHR ST H LD HEALE 52 H
B oo FA i@%’fgﬁa;@ﬁ 2 s IGS pd TR ApM 2 A5 0 R
ST e A o H BT RS f % (Point-RTK) €7 3f L e ig i
F %ﬂé’#«%‘ F & i*’#dfﬁﬂﬁi»%&g‘% 2T T L & 70% ~ 80%

LB R0 23387 B P B e IGS A S5 peT 4
NEE A B 32 rh 2 MR BRI E 2 2 TR AT
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% 33

IGS & &2 # R (4 p IGS k)

IGS Product Table [GPS Broadcast values included for comparison] -- updated for 2009!

GPS Satellite Ephemerides/ Sample
Accuracy Latency Updates
Satellite & Station Clocks Interval
orbits ~100 cm
Broadcast ~Sns RMS real time - daily
Sat. clocks
~2.5 ns SDev
Ultra-Rapid | orbits ~5 cm
at 03, 09, 15,
(predicted ~3ns RMS real time 15 min
Sat. clocks 21 UTC
half) ~1.5 ns SDev
Ultra-Rapid | orbits ~3 cm
at 03, 09, 15,
(observed ~150 ps RMS 3 -9 hours 15 min
Sat. clocks 21 UTC
half) ~50 ps SDev
orbits ~2.5 cm 15 min
17-41 at 17 UTC
Rapid Sat. & Stn. ~75 ps RMS
hours daily 5 min
clocks ~25 ps SDev
orbits ~2.5 cm 15 min
12-18 every
Final Sat. & Stn. ~75 ps RMS Sat.: 30s
days Thursday
clocks ~20 ps SDev Stn.: 5 min
R E B G Ao 2 B2 i

I whpug R gE s s @/ * IGS ik ad 3~5 2

Zﬁ&ﬁﬁiﬁ&ﬁ%ééﬂ&’%JHJi

;’%?#‘Béﬁ/? lE' 4/ v ;-;—; °
SR E SR A
BT eiE AR o

WY B m L A PR PR

30 F) IR 2 PRek

b5 R crpr PR AR £

EAMApTHEEEL D

FREEHBLRE A 4o fy




: ) {55 FH i A (R R
IGS ¥5 7% B [ BElRf $k 7= B R I AR B )

R REREMTHE
(B RERZWE - HTEEERER
RAER - SIREEREES)

SHfhE
(RIBEAIE 28 - BB S
AV ICE - BEGHFCRE(E)

BI3.2 M R HE B g b2 2 T T AR
§34 BHXEHEHITEEETH

Bevis ef al. (1992) 3 71 GPS # %815 » 2 5 ~ ¥ plEE Ao 5
AE R E R - c E A 1993 £ ¥ - = ch GPS B %
i ks &@ﬁéfykﬁﬁéﬁi%ﬁ%%Lbﬁi"%%?é 10-20 mm
B osrhed @ v s -kE PWV) 725 1-2mm £ 5 a0 A o % 78
ok B F 7 A L iruB{oRarE o ) 90% X TR A u R
SEEA R I g AT LIRS s A B T 1%
G i o iR 2 b HAEHES  (Shrestha, 2003) o

#%iF £ » GPS (Differential GPS, DGPS)i# & i & I| e¥in & 44,
B HAET NEF] 12 24 % % (Bevis et al., 1992 );Liou (2000)
- H 5 GPS #rI|ehRut B T HEH T IrERT B 2 HER
REREET AR YT A 04 24 PN o @ PPP % H 8L xR
G R I Y RRE R T DT 02504 & (Tao, 2007) 0 4e b A
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FPEalg s b o s oy hep ke 35 GPS R -
UTC PFRF ~ pleb i~ G TH R EE S o
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§35 WBEBIESHI THAKSERPHMA 6
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3. PPP fic;¢ t EHF R E B2 >

PR AR 0 B3 g - BERT K

4. BAET DY FAEOTE B enfRd 0 TR ERA 0 HUTE 48
TEwh dep ¥ 5o

5. RF I HMBEE ORFH §LERXTRISL > FHTHETTE
(78X

6. #TiE WizE P > doprdriz > 7R paE o

7.0k ECREFEE Y o Y AR IR REE o T R

8. 3'1%]:'1 éﬁﬁiﬁﬂz?‘;& ) ?é’ﬁﬁﬁl NEPF I o Blderin g 4R B

B 3.4 HpHagzgiz=

§3.5.2 BRI

2N

Z kT
b s

8 [y
PF %) ek 3K R

KL BE PooniE h LR

B

/ﬁ__

= ;}':l
Y\
2

B =eniEs sRTEseer PRP SR EREEST
> 11 =

£07T WS Sk HH
S R0R BRI R RN Rl R R

EWARM AL

E
E

N

E £)

N

#&;}’L i FE )T B]
o 125§ bl4c W] 3.5 9 o

43 ef

(least square adjustment) 3+

"’: ’ 2

PRN » 4idh 5 T 75 & 4p 23+ 8 mﬁﬂﬁ%%’f3é§
i d LRBTH BN AR TV LR EEE A h

Residual

SIS == SV )2 —+ = ;3\
M TR E LR HERS
[

(m) Code Il FPhase dm)
5 5
4 4
3 3
2 2
1 1
0 ]
-1 -1
2 -2
3 -3
-4 -4
- 10 13 17 23 24 28 -

Satellite PRN

B 3.5k LB £ 22t B B
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§3.53 WEEBFHAPRT AL
§FH R T SR 36 RARL AT T E A
> Bl g ch#icF L PRN 7B 0 P o G T R TS T 4
T R SRR AR S R R
Prd o> LRI REE 10 R - - RIBT R EEE KRR T AR A
$povd A34F LA TR AR & o
i Eoporm
| outlier |
B 3.6 ek P TR A5
# 3.4 &k Rl P
Status RN
Good Fh R madr > VAR A o
Below cutoff ik STk k2T o
QC check fail Fh AW e Bl T e
No precise data HBEAR LT TR EZHREE -
Outlier Poa ik BLRIE 7 2 o
Incomplete obs — AR SRR AP RN T A B o
User exclusion i€ X rE & PR fEs o

§3.5.4

Bl37 8k ax 2EF? aard B3 =42 > PRN &
FE YRS CAZL Sk o =& VELE 5 fFk ik o F TR AR
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FRREM FEEFOREERFARD ) LA R R
?fﬁfd P EERFEL S AL o

PRN | aA=1 | ELE
6 2560 552
27 481 103
29 1494 56.7
8 63.8 11.2

24 108.7 264
17 296.4 289
26 171.8 42 3
23 248 7 301
10 52.5 58.3

B 3. 7 Flizy pFenfErh i3 > 4

§355 FTREE R

4

8 14 iE A § m&*@’ﬁﬁﬁg‘!«i&@‘é&gm 7
BBl LR o A B 0 2L
LIRS e s E 8 R L L %’**Jﬁ*—"@?;mv&‘ LR e
Flgh A NI AR il o F o A4 de KRS T ﬁﬁﬁ, e B 7r
& LY h1 75 dodkeAvdp d iR B SR £ 5 % R
Pt R R BT AT e Fl g ;’iﬁ'&’r’v’mﬁ-ﬂ w4 - A
Mo R RIE TR N A d SRR T T o Blon P R R 20
% A he RS FI N g At B 3.8 B0 F 69% A ldm poo
% 5dm p 0 100% % 10dm p e

/ e

10

S
Accuracy:
69% < 1 dm
08% < 5 dm
100% < 10 dm

Bl 3.8 TR 7 ed® 5

7
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§3.56 FLEBRT AL

FhEP% 6 hp DA KT LRFIRE PR > &5 - SRR
FORE o R EE i IR L B A M T R R W
3

S Aed 3.4 975 5 W B AN AR E R

e
1
=

Accept FERITLT —~
Accept PRNZ3
cocept PENZA4
fAccept FRENZ2
ZO06 3 31 =2:45:30.0
Latitode. — 2% %4 47651791
Longitode— 120 18 1981285
Height  — 42816
Accept =
Accept a
Accept =
fBccept io
fBeccept 1z
AcceDpt 17
Accept =3
Accept =24
Hecept ==
ZO06 3 31 2:a9: 0.0
Latitide. — 23 34 47 61785
Longitade— 120 18 1981274
Heizht — a2ai7
Aeccept =
AcceDpt a
Accept =
Accept i0
fBccept 1z
fBeccept 17
AcceDpt =3
coent =a
Accept 28
-~

Date : GPS Time (sec) :

Latitude : @ - Latitude (m) :
Longitude : @ - Longitude (m) :
Height {m) : G - Height{m) :

¥n (mfs) : g -¥n(m/fs):

e (mfs) : g -Ye(mfs):

Yu {mfs) : g -VYu(m/fs):

Clock Offset(m) : G - Clock (m) :
Trop Delay (m) : G - Trop Delay (m) :
HDOP : Elevation cutoff :

VDOP : Satellites tracked :

PDOP : Satellites used :

\\\?{r

B 310 R EBE T AITE Sl <% 16
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X
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§3.6.3 A 4o iR T

4o 3.13 77 0 KRR T "L’*ZE;'L’:‘;QT"’J‘ L% i kAR
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§3.65 FEEBRKZT
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FERSR TN EEIhTR o BRI AR
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[ iEEEE
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EiRiE TR
GPE Ti
IﬁIT(_:_Tuuj-]l:{{eYZ = |
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AFRE TR Y DF R AR R AR 3180 &
Zfiche & 3.6 91

&
ETTRS
p—
()
7%
S
K
\\"i

[P FUSL met - Sp8E

#EE EEE B0 wmRE0 SReEH)
FUSI e 11 1 B 8 B 952.4 21.4 61.1 A
FUSI e 11 1 B 818 962.4 21.4 61.2
FUSI e 11 1 B 828 9562.3 21.% 61.2
FUSI g 11 1 8 8 38 952.3 21.% 61.3
FUSI e 11 1 B @8 48 962.4 21.% 61.3
FUSI @892 11 1 B8 8 58 952.3 21.% 61.3
FUSI e 11 1 a 1 B 9462.3 21.% 61.4
FUSI e 11 1 B 118 9462.4 21.6 61.5
FUSI e 11 1 B 128 962.4 21.6 61.5%
FUSI e 11 1 8 1 38 9562.3 21.6 61.8
FUSI g 11 1 B 1 48 962.3 21.6 61.1
FUSI e 11 1 B 158 952.4 21.6 688
FUSI g 11 1 8 2 B 9%52.4 21.6 68.8
FUSI e 11 1 B 218 962.4 21.6 61.8
FUSI @82 11 1 8 2 28 962.4 21.6 61.3
FUSI e 11 1 B 2 38 952.4 21.6 61.2
FUSI e 11 1 B 2 48 9462.3 21.6 61.8
FUSI e 11 1 B 258 9562.3 21.6 68.1
FUSI e 11 1 B 3 B 952.4 21.6 68.8
FUSI g 11 1 B 3 18 962.4 21.7 68.1 r
B 3.8 F % TR 5
%36 F R RS Rp
AR = > & o0
- 7 F % - -
Ll p -
% = 7 pHp-2
V) pEp-p
%7 7] pHp-pF
Ll p -~
45 - }q B ﬁp-f&
5 A~ 7 T
%4 7] R
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>

\

R BB B % 5 4o @) 3.19 “7F » H ¥ =3 GPS Time ~ UTC
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I FUSL 1 - %A Q@@

BER REED #E30 BRO HED

P3 REPORT FILE ~
Source LOG File: FUSI.log

System Hode: Post Hission

Station Hode: Static

Processing Hode: PPP

Satellite Orbit: SP3

Satellite Clock: 5 Hinutes

Backward Processing: HNo

GPS Time UTC Time X{m) ¥{m) Z(m}) ZTD{m) ZUD{m)
990.8 20809-11-81 0B:16:30.8 -3014038.538 4045939135 2661323.038 2.346 .85
16828.0 28609-11-81 88:17:08.@  -3814842.215 4946942 184 2661324.954 2.344 a.e13
1650.0 2009-11-01 80:17:30.@ -3014041.869 4on6941.277 2661323.308 2.345 Aoy
1080.0 20609-11-01 @0:18:08.8  -3014041.662 4946948.396 2661322.377 2.345 .61y
1118.8 2809-11-81 B86:18:38.@ -3814841.123 40456938 . 861 2661321.677 2.347 a.@6
1140.0 2009-11-01 80:19:008.8  -3014041.249 4946938 .559 2661321.922 2.347 B.@16
1178.8 2809-11-81 86:19:38.@ -3014040.874 4946948.239 2661322 .144 2.346 a.a@ls
1200.0 2009-11-01 00:20:00.0  -3014049.797 4946940.859 2661322.157 2.345 o1y
1238.8 2809-11-81 80:20:38.@ -30148049.897 4946941285 2661322.200 2.344 a.e13
1268.8 2009-11-01 60:21:00.8  -3014841.122 4045941358 2661322.252 2.343 a.812
1328.0 2809-11-81 80:22:008.@ -3814841.182 4946941.353 2661322.267 2.343 a.e2
1350.0 2009-11-01 80:22:39.@  -3014841.237 4946941348 2661322 .307 2.343 a.mi2
1380.0 2009-11-01 80:23:08.8 -3014041.300 4946941387 2661322.387 2.343 B.@12
1418.8 2809-11-81 B80:23:39.@ -3814841.376 4946941517 2661322 .475 2.343 a.e2

1440.0 2009-11-01 80:24:008.8  -3014041.588 4946941661 2661322.6360 2.343 a.ez

] 3.19 ﬁé:]:",z“%ﬁ’ﬂi—ifr
s A= 2. N\
§3.7 AR REBTTHAEZ E LT
o1 N2y 22— o= o . AA 7z Y 0 A= ) D SN

AT FEF BRI HRANT S -ASFLAETE LT LR

N L S L PSS S R N\ LL e 23 2 ) 3 2= £ BF 2 B=3

s "37—;?.17%%—%{%?' R IPE -l QAN I % S i AP B A el iy LR &

2, D31 L 1 ~ s L 2 T by s s cbg 1L s

1;\,-‘;:7 LLﬁ{o j&ﬁ ';L“"]‘ /"‘5 /EIJ/ fg = @ﬂ&l;ﬁﬂ ]::‘.P,’?qu"' l;zi?'/g_ ]:

SARFE 2 3 3 2% 2 GPS FEE (FRRIREBH R ) BT B
G2 PR TR e AT E T GPS 23 A A S 3k R E AT
W2 - s 42k (S810) > 4o 3.18 #751 » JEH GPS # #+ b 4
2015 28 5 BA LA T2 RG] o @ b E g p s r 2
GPS = 44 ~ EJe RAIBLY &2 GPS B FxbApF > BT 5 0 K 25
1Hz -

a0
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B320 ~&%

Ap
7

Y

BN

¥ Wk 3 2H(S810)

AFSHEEFT 6 EF K AHP YA L2009 &1 9
B ~2009# 27 5P ~2009# 2% 230 ~2009 & 57 13 8 ~2009
E50% 14p 2z 2009# 5% 150 > & 3.7 5% GPS BLp|IPFRE -

% 3.7 F 5% P 2 GPS gip|pF

2009 #

IGPS # & = g ip| P P [ 45 3 P FY

S O GBI

1% 9p

09:27:24 ~ 17:38:35

08:11:11

08:34:50 ~ 17:03:08

08:28:18

2% 5p

08:48:47 ~ 17:07:27

08:18:40

08:35:05 ~ 16:47:35

08:12:30

27 23 p

08:52:45 ~15:01:04

06:08:19

08:14:04 ~ 15:13:39

06:59:35

5% 13 p

08:47:56 ~17:38:30

08:50:34

08:17:24 ~ 16:20:40

08:03:16

5% 14 p

08:48:54 ~ 17:33:26

08:44:32

08:21:24 ~ 16:56:31

08:35:07

5715 ¢p

08:40:24 ~ 15:04:47

06:24:23

08:16:24 ~ 16:52:37

08:36:13
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4of] 3.21 o 0

ERS I

3] S810 Bhi=2 4 {E » ¥ 42 (2008) 1

% 5% e-GPS sz £ Pk (KMNM) # (¢ 8 2sb o #4f2 5 9 ok pesp
(WIAN) ~ = % = (CIME) ~ # # = (PKGM) ~ # L vé; (CISH) ~ % %
G HEs ¥ ¥ % = £ (CIME) # 3
% f2 5 21 S810 % ITRF2005 %4 4 557 chdifE » 4ok 3.8 957

#xk (KASH) z

# 3.8 e-GPS 2 ¢ & ITRF2005 & %

e /i‘ *';L (KASH)

¥R = ok % (m)
CIME |23°12" 16.702246” 119°25" 47.927226" 54.8731
CISH 22°53" 22.535680" 120°28" 52.435806" 90.8799
KASH |22°36" 52.186762" 120°17° 18.069263” 25.6421
PKGM |23°34" 47.615025” 120°18" 19.810233” 42.7740
WIAN |23°34" 03.126585” 119°28" 50.886968" 45.0170
S810 22°59 26.766685" 120°10" 57.108706" 41.3517
120° 121
4
3k #%35(PKGM)
T A
(
N TS, $810 .
) GPSHE% A )
#E.L 35 (CISH)
: 1y’ 126° ml'
B 321 e-GPS #% S810 =% 7+ & B (iL = 47355 eGPS > &
§ = £75% S810 = %k - 4I8L > %4 [ 5 GPS # 8 3)
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§3.7.1 #FHFpIERTE
ST
e-GPS =t 24 /|

HRERZFBFELFE
product) > & p 35 k4|

> 5 R

72009 & 1% 9p ~2009 & 2% 5p 2% 2009 & 2
723 Pz o4 e-GPS s ELRIA (BT 5 1 Hz) o s d4%
~%?%éﬁﬁ%ﬁ%i&ﬂﬁ’%&W&&
FEF IGS B F 2 R AN

Z v fde & 3.9 #77 o [ 3.22(a)

& i

15 R
&(final

~[ 3.26(f) »&HﬂS%ﬁfs &iﬂﬁ%ﬁPMPmo
139 FAMDER T MR~ 24

179p E N U 2D RMS 3D RMS
CIME -0.957 0.404 0.048 1.039 1.040
CISH -4.013 0.285 -0.101 4.023 4.025
KASH -3.956 -1.501 0.140 4.231 4.233
PKGM 0.950 1.616 -2.022 1.875 2.757
WIAN 1.706 0.740 -2.078 1.860 2.789

12 9p E N U 2D RMS 3D RMS
CIME 2.371 0.593 1.022 2.894 3.069
CISH -3.661 -0.336 0.687 3.652 3.716
KASH -3.586 -1.973 0.728 4.111 4.175
PKGM 1.583 1.159 -2.478 2.110 3.255
WIAN 2.620 0.403 -0.393 2.477 2.508

179p E N U 2D RMS 3D RMS
CIME 2.371 0.593 2.527 2.444 3.516
CISH -3.661 -0.336 1.658 3.676 4.033
KASH -3.586 -1.973 2.090 4.093 4.596
PKGM 1.583 1.159 -1.455 1.962 2.443
WIAN 2.620 0.403 1.290 2.651 2.948
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=D U SRR L ﬁg&»@iiéﬁ%f« )P A A4 R KB A
FrvrEEmei? FARAFRLZDRFFTENS (D24 ] FLF
B R fEE N R Aok iR~ ()i BRI E T 22 (3)
HRHERI IR D e Rk B Rk et A R T,

“11
=
“

FOORF R > ST B RS B RRIR S - BRI
¥ 0 ~F %€ * 7 UNAVCO (University NAVSTAR Consortium) #% &
e7 TEQC (Translate, Edit, Quality Check) #cdp @ 1 & & & &
e-GPS =t enerpLip T A 75 TEQC 4_- £ & ™ #-%F GPS / GLONASS
/ Galileo / SBAS & f67 Ip fFrh T ik SLELP| Bcyp iR B ~ SofEah1 &
Py R iR 2 SRR hE R o BLRIAR(O ﬁ%) 1R ETiR
R176 P 3 o/slps~mpl~mp2 = &35 4% - O/slps BBLPIE -TEA T
T & f‘a&ﬁi?']féﬁi‘%f MBRFARER READR AL ERILIFTH g’? 4
- RIERRE 0 gt EAR S R BRI & FARYE C mpl ~ mp2 R A ] &
L1~L2 foikdp =t 05 B e o ¥t m SR o 40 2 ahiF & 4
T Him L or o

¥ & B e-GPS LRI, (O #h) S 1 B kB olicdy
drd 3,10 P70 AT IR A 3.8 ¢ § sk (KASH) & F# %
Hogz %= X h3DRMS % 258 P A E & x5 7 10 d
H oofslps B PP &g M3 H s 2 KR 2 ¥ 2F L xk (CISH) 22 ofslps
Bl PR BB ek (KASH) C RRHE MR rE g 2k
(KASH) 4p iz » 55 4 om0 S B3 & 2 FIP|T & 5 BE PR
2 %% ﬁ%i@ﬁ%ﬁ%GﬂmM)“W%aﬁ’ﬁﬂﬁmﬁﬁm4
yexk (WIAN) ~ = £ #:(CIME) ~ # i 22 (PKGM) ~ # L =k (CISH) -
B2k (KASH) 2 ko d B @Bl (47 &> ## L3k (CISH) ~ &
#xk (KASH) Ap$tH i 2ba 3 EH & 2k (KMNM) &g
Higd TELFE @4 2 HAET &% ARE B2 FED T

»

=t

My

104



AR o F - B R f]:% 2008 iz AF B2 BLPIFEL > 3 SRS
B MRERA 2R R &yt o BRI &R 2008 EF 2 %
i%é*s‘H%%o@%39?%éiamg$4%@% R
FAMARELT » (G4 28)0
% 3.10 5% e-GPS =k jpipl & 40 1
2009 =1 H 9 8 CIME CISH KASH PKGM WIAN
o/slps 4539 23377 313 38944 2118
mpl(m) 0.36 0.33 0.31 0.40 0.37
mp2(m) 0.42 0.41 0.32 0.44 0.41
2009 =2 H 5 B CIME CISH KASH PKGM WIAN
O/slps 5321 12310 299 49201 4484
mp1(m) 0.36 0.33 0.31 0.43 0.31
mp2(m) 0.41 0.42 0.31 0.46 0.33
2009 =2 A 23 B CIME CISH KASH PKGM WIAN
O/slps 2883 4324 262 26607 8506
mp1(m) 0.44 0.34 0.36 0.44 0.30
mp2(m) 0.52 0.43 0.47 0.47 0.32
§3.72 FpHEgzrBiirfpHTrz R
A EIERHERET AL AR TR Y GPS # kT

N~

HL 0 AT AF T 3T 6 GPS BE P % 0 A5

I 3 P AT R R E RS ke GPS B

R HEILE > A ﬁ&%@;GPS Bk 1.5 22 2 S810 = & % #141

BLETARYE A A AP

IEM AFTRARLEY AT mEod N RE LT
$°4

Bl 28 151E5 GPS 4

Wooofgd 2F Az 4B E O GPS %%ﬁéié«ié"’b’%° PN PSR (T
AR 2 VRS EEY B A iR A E - R
TP R BE SRR - SR ko



SO E R R V%%’*aﬁﬂﬁﬁﬁﬁﬁi’ﬁﬁﬂi
FLACRS e R R RSB IRBCE PR s 0 2

3R enfEh rE YRS I0R A A 5 A GPS B d b a3t T

BT A 4 T % T B K o IGS B % & &(final
product)?s Pa® B2 oz kB P& Fop o g at ik
PFRGE 13X Ay R * 2 ppFdaecs FRPFFFES 304
TEPEE el THPMEL GPS BB bR S (1 He) o § & * pF
B FRARE 2 sc i FHpF > B P B R #-€ 7 ' > B 3.26(a) ~ Bl
3%®3Mé6ﬁm%ﬁ@%?%1ﬁﬁﬁgiﬁ;§$%gg{@
2 ENU = %284 1L i~ (75 3E 8% i ~ PDOP 8 1t o

6 = GPS ##: ENU * w3fZ 2 T 15 (Mean) ~ 327 2(RMS)
:%%ﬁiﬁﬂm%%311%ﬁod@3zmg~@mznnwu%mng
FEIH SR GHFEHEKRPDOP B R4 L B E BT
TR ERARL AHEIR I L AP wEFERIEFE
PDOP & &2 z =4 & £ 4 LA M che 4ok 311 #757 » 8 * IGS % &
nﬂ(ﬁnal product)ﬂ:if A RE BT F > Te 2?2 w RMS ¥ 12 7

2 2 2

EERERE SRR S TR LA ML PTG Ro
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Local Time(hours)

11 12 13 14 15 16
Local Time(hours)

10

Local Time(hours)

WA(#*F IGS B % & %)

P

T

B 3.27(a) 2009 & 1 * 9 p PPP

12

(dop)doad

©

Sa}|[9¥es JO JIsquINN

Local Time(hours)

B 3.27(b) 2009 &£ 1 ® 9 p § %iEA® L 3g#2 PDOP
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Local Time(hours)

N o N

16

15

14

12

11

Local Time(hours)

Local Time(hours)

12

(dop)doad

-----10

Bl 3.27(c) 2009 £ 2 % 5p PPP z_ =24 (& * IGS & % & &)

10f ¢+

sal|a1es Jo JagquinN

Time(hours)

Local

g1

’.
|

L
12K

B 3.27(d) 2009 & 2% 5p ¥ kB L 3i#2 PDOP
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Local Time(hours)

Local Time(hours)

Local Time(hours)
Bl 3.27(e) 2009 # 2 * 23 p PPP Z_i=2f -4 (¢ * IGS &% & &)

(dop)doad

sal|91es Jo JaquinN

Local Time(hours)

L

%

L
128

2.
|

Bl 3.27(f) 2009 & 2 " 23 p F %iEAL? fFh s #cE PDOP
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Local Time(hours)

Local Time(hours)

Local Time(hours)
Bl 3.27(g) 2009 & 5 *® 13 p PPP %384 (¢ * IGS B % & &)

(dop)doad

SalI|jeres Jo JaquinN

Local Time(hours)

jL

F#c% PDOP & %

% 3

%_?_

i

¢

e 1 AL

#5717 13p %

B 3.27(h) 2009
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Local Time(hours)

16

Local Time(hours)

I
O.Z*ﬂ‘*******\*******\*******F* e T R P

16

13 14

12
Local Time(hours)

B 3.27(G) 2009 & 5% 14 p PPP #_i=:2 4 (¢ * IGS $ ¥ A& &)

10

(dop)doad

sal|91es Jo JagquinN

Local Time(hours)

i %

p#c2 PDOP

i'.—z,t ‘9:

AR

F

14 p

&5

& 3.27(G) 2009
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11

10

Local Time(hours)

15

11

10

Local Time(hours)

Local Time(hours)

B 3.27() 2009 5" 157 PPP

5 (% IGS B ¥ A &)

Vs

T_ir

(dop)doad

e 410

B B

12

10} -

sal|a1es Jo JaguinN

Local Time(hours)

jL

B 3.27(1) 2009 & 51 15 p F %iB42° 7k 3i#cx PDOP it %
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311 HRaFREIR TR IGS B8 A 5)(H o)

2009-01-09 E N U
Mean -0.800 -0.200 9.600
RMS 1.500 1.900 11.100
STD 1.300 1.900 5.600

2009-02-05 E N U
Mean -1.800 0.600 8.400
RMS 2.500 1.600 9.700
STD 1.800 1.400 4.800

2009-02-23 E N U
Mean 1.100 -0.800 8.400
RMS 2.000 2.900 11.300
STD 1.600 2.800 7.500

2009-05-13 E N U
Mean 3.700 0.800 8.800
RMS 4.500 2.000 10.600
STD 2.500 1.800 6.000

2009-05-14 E N U
Mean 3.700 1.300 5.900
RMS 4.100 2.200 7.400
STD 1.700 1.800 4.400

2009-05-15 E N U
Mean 1.300 1.000 5.500
RMS 2.400 1.600 7.900
STD 2.000 1.200 5.700
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§3.8 1% PPP =3+ e-GPS #:8 ¥ X ik Har &

howh #rit > @ % PPP VW U BprenER R Y plE P v e-GPS
2 X TRHIL A RUEBRNGHE > 2 SARE S A2 dp g
Boipit Aty p ¥ £ R eho 3§24 ¢ A% PPP
R EF R pAPFEEI N E - BEPIFF %] (observation epoch)
th1e-GPS =% 7F 3 % $in K e (ZTD) -

@ﬁ%%ﬁﬂﬁﬁﬁ% 1 % JF B e-GPS =k erBLEIR, (*.0)
Fe 7 IGS A7/ o (RHE B H ) A2 i B

BpEsk Lz (Felk) 2R EE (Fspl) thEx o ML N EEHRR
Awct § 02 L oL ITRE & J& o 0t 2. 35 8 i Az de

BLBIF AL (*.0, *.clk, *.sp3)

\ 4

¥ % ¥ 2% (= (PPP)

A 4

e A Bde

\ 4

B4 X B Bt 2 (ZTD)

B] 3.28 ;N’y PPP l‘:'» e ar‘J‘/u é] Milf‘}iw A% 8]

§3.8.1 F17 § % FA-H e-GPS 28 3 F Ik s &

d 402 (850 GPS UBLA % F PFOTITiE e d T AT et e
AF I 2 A %R BGER ~BR ~BRA)E SRR H L o
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he ¥ = ,,%_ A 0 R TRHEIRE G B IR R BT 90%
3 9 Vg r A

e AR HERG Mol poe T
o ?—@ T 2% % o B g € (Skone, 2001) o

Flo e F P 1995 e-GPS b2 AR {1 Fe F P 2 0d P AL F %

BF b F R R FRFELGAEE D e-GPS F REF A
Modified Hopfield # i k& #-7] # 3+ 5 £ 79137 e-GPS 32 /¢ ¥ % " 4
i gput ke o-GPS 22 G ¥ X EHIL K fcut &€ (ZHD) % FAcH)

3.29 #7151

e-GPS =t § % o
(BFw 320 ER)

A 4

* » Modified Hopfield #-7%)]

Y
3t e-GPS =28 £ B HIE T
2t ¥& (ZHD)

B 3.29 e-GPS £33 4% BT A drut B35 3

§3.8.2 23t e-GPS 8 $ % E 4k Rt il

SR Al o R BN EE W MR R 10% 2%
@E%ﬁ*ﬁ?%’%$ﬁ§%%4ﬁﬁﬁﬁ%“a}ﬁ
e TR - g B R AN HHN RPRHAR TR

10%~20% % + (Skone, 2001) -
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L ook oLl
=

b GPS TR AILS G o 5 & 17 4F 5 8 8 PPP >
L eGPS G ¥ XTIk B BE (ZTD)» RisE 2 2 8» %15
FRGaF PFAEE TGN E G BRNEA#H RRY
w R TR R N 0 B e-GPS G H A EHI g c B E
(ZHD)» 2 (£ 1345 (3.57) 3 #jrut i B A B R Y ot > (7 R
@ e-GPS 2 G ¥ * BH IRk R ZEE (ZWD) :

ZWD =7TD - ZHD (3.57)

P E AR B Ao® 3.30 frF e

# % 8 2L T = (PPP)

e-GPS =t § % T
(d % hezbdaic @)

32l
~4 B T

\ 4

e-GPS =+ % = F ¥t e-GPS =8 % = F 4 & i,
K 352 & (ZHD) 1 & (ZTD)

\ 4

e-GPS = Z ¥ X "E¥Hn
K Bt & (ZWD)

B 3.30 e-GPS b= 0 $in & R4 B AL R
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|

FMNE RREM - e-GPS MEN RIZBLEESZZE
B HE G

TEHIR R RE (ZTD) T S 2 R G2

(ZHD) 112 X B R REEE (ZWD) - 27 > ZTD 3 FH R
R i cn@ B2id < 0 ik 0% R X B AR BER G

BoAp B o Bt g HR A R r’ZHD’ﬁﬁij;iaﬁumﬁ
o2 p eGPS w7 B F RRRIKAE & 15 2 T L’r”fséﬁ
&GS%%4/@ﬁfa%1U“f$#§?ﬁﬂmeﬂﬂé ;
AP FARZEES L5 T ¢ T FENEFREF 0
g rbz2 ZTDo Ftp* ¢ & § % BTk 2 2 ¥ 0 § %o 9TRRIZ § R
BEREAR S FAF R FEKRT K SIS ZTD # * o

~
v
=)

§ & ¢GPS 1% PPP = j#riph i X ahia kR4
ZHD i ¥ & # ZWD > %@53‘;@#&:6 i EEE > LR
Pt B R R EH Ak R B

§4.1 2 ¥ B pv 7 ARgue 72
)J‘%‘J%Tﬁ‘bﬁﬂ 36/ Av\ﬂ’ij—v’}:?—‘\‘l aF@tFI&"E’an("ZTHT

Bz p )z S T L RS ) SR L K AT 4
TE Y LEGED - b wW»m\%éaﬁ%i

\\\ﬁr

Bk TN oo

P REZREY RRIEEEAY p R ke TR R
i Ag 43w §F (spatial trend regression)(Goovaerts, 1997) = i #3703
2 FTSPCRF RN  ZE G F R R i ZRIEARETT R
8T 2B E T4 2 &) T (minimization of squared
difference) » ¥ M35 > £ T RN B2 ST A B2 B 1Y ¥ o

/Z\*ﬁb;g?%\'ﬁ“—kr—r :

4T
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#e Vi L pgagz BplE YV ARSSIEZENE AR T A
A Rz R oa NP R AR kSR
AL E o B2 ﬁif;l”’”?% b i PR B2 S

e 2
AR 2 S g FF 2 a5 - PFRAREG - Hiw

s 202 20

ﬁaﬁﬁiﬁﬂﬁwiﬁfﬁﬁhﬁv%%ﬂ&w%%a%m
(De Smith, 2007) » A3+ #-2 =% } BRSOV EZ S L e {E
i o R R FIE ORI B 2 FRT

“3\\-

BZBRHIRET e st 3 FE 2
Bl R2ZH A HER o FASLIHERIL > Pd 33 L2
BAre 7 A BT E TR B Eﬁ“i,g‘g% B E T g B P 2 N

B2 3 L) NRWHTEEFZF VRGN ALE 2 85T
WL 2 ABFGEL o A RW- 2EBAL LA TS BT 2
Bh2PFARR R R B L ST AT AT

n

min Zwi(yi _)A’i)z ; .)’}i = f(x;,1) (4.3)

i=1

B owip 2 HEREEL o R e Y ﬁ‘a']‘i*ﬁ:&‘. U Rty

SOESERE S EX & NIEI-ES = LR Y * 2 T
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FRIBEHEET A RA S 0 58952 (polygonal method)
gr 4 #F R £ (cell declustering)(Goovaerts > 1997 ; Deutsch and
Journel 1997) o H ¥ 33823520 2 plah i P BTy B 5 BB
# B < 7 875 (Theissen’s polygons) > & 1 & b ik 2 4 B < 5 24
B A RE N AHERE o Rl 41

L]
L] L]

B4l 8522 F2FHEHELT LR

ﬁﬁéﬁﬁéﬁiﬁimﬁiﬁmw@aﬁuﬂ,ﬁgﬁﬁgw
SRR SRR R 2 S RN SRS UL AN
FHERRIL L E I HMEPIEATARE BT REBEERL L
S AL 0 B RN 2 T SR T R THERE T 4o
B 4.2 #r7 -

I
|
|
e | °
|
n1—1 : n2=1
_______ T-————=—-
. o:
I
| °
. e
n3=4 : n4_‘1
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g0 R M FROCE ) BT IR R ] A G R o B

PN BB R (BHEEHEE D) B R
B (FHEEHL Un B EEHL 1 22 HFHREEPR) 2
R ERE RERJTIDRF 5 RERL AP R A BREHRTS
£ R 2REE > F I TR I FERRTIE o R F2Z R )
(F420 % EER2R) A5 BB BT oEApH R R~ o 4o
B 43 #75% ¢

5.0_Declustered Mean versus Cell Size

4.0 |

Declustered Mean
.

a0

20

rrrrrr

W43 % HRI ) AT DAL R 2

AIEF o 2 L HBE T ARG Eﬂ;/f B A e R R 3
PR XA AR 2 J0h ST (T 2 SRR B 2 o o
WA H 2R BT FMPFY P2 2R Slie (i) 0 mATER T2
RS R S A 43 i 72 2L e i §F 2 (Matlab Manual) -

§42H BRP B HALFETFRE

P18 K3t B (geostatistics) 47 5 @ ?3?:7% ¥ 1 42 f# Daniel
Gerhardus Krige ** 1951 # $43t 3 2L 5% & 2 547§ 45 & o0 B
2.z B F A 478 (Krige, 1951) - Matheron 1245 Krige (%7 7 > &
M- g ow W RR R Bk TFL TR

(geostatistics) =787 o
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1963 # > Matheron I!%% Principles of Geostatistics (Matheron,
1963) > # 1 P F ol > B BRI R TR G- AEP Sk
(random function) & 4& % p AR g * > ¥ A 1970 £/ I R B L F
BTG 4R A ARG AT B A Gt § & & Krige (&
Matheron #-+ 12 Y3t 2 G2+ > 2 H 5 sl &2 (kriging) ° 1970 # 1
B A ERERIFETERY FEPEIK ) BRI IEG R L RR
A NHRBAAR A E kY F R FRIIE AR BT
i@w%ﬁ?’wz%@ﬁ T IR - EUAR LIRS 3

woe (1) ZFBEG Q) CHLE RS FEESR Q) BRI EAF®
ﬁi,awﬂgm'%&“*¢r°%ﬁ%??ﬁ%2a%ﬂﬁﬁ
BT PRI A %ﬁt} MABPIEEA TS ERE NI ENTEA
food 30357 F b TR EE AR (U BE ~ ¥ TE)HE Ra
FRERERY > ATUAAL B LR > A Matheron » F]pt AL A FLG
BBl A - B2 T 05T (Agterberg, 2007) ©

d FiEw o £ A BN F o e3P g aEL R
PpToE - BAFLFERPN FAD RN R REAR PP 2 o R
ZREBRHRIBP - A RRAZ ARG B HRBRE T F BAE
%@\?ﬁ\ﬁﬁ\z$ﬁ4#§’Eﬁm%é{¢%%mw£%&i
CRORIG O BRI R AT B A H G BB £
LB%#ﬁ%?g@%&%ﬁﬂ&ﬁ@%%P —@7*“@%ﬁm
ERIE » 4oBl 440 0 2 BFRBE ~ X S ACTRRIPEE o

ER -}
= = :\ﬂt
=R

]
oy

7
~~

' HLiE \

S
o
0. % \

0. 4 FHRMME

1 0.5 0 0.5 1
A

B 4.4 Pirg2rsppl =% 7 R B
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4ot d n BEREATEINDERIES z(x,) a=l.n> AP
BenS BRI E S 20 Al & enpe A E SRR B 2t Rl e
RAMEL el 44829 Jx,) - 2P LaEE A 2k
R g3 A R aEL > FI LI 42 R R R AT R R
T R B B R 2 [ B 4

z =) MUx,)z(x,) (4.4)
a=1
DESEITE S = E S C SIS T R, P L

B3 & sﬁ%zﬁzZ(x) PRy R x P2 Z)E G - FEOER
BHOHE R RBZ() ek BARED m“:ﬁ%rﬁ'xln\ |5 Z(x) >

Z(x+0) » B3k 0 - BARE ) E o RIF ¢ BTl do S B x;
=B BBk o PR )I&:a MRETRORLE X0 R g B € (%
SN, ﬁ}a{gyu— BARIERY B B2 i 2EERE 83

H 2B pEgy B oo Flt o RiE S B Ay LR o M
FH N A AR A ANERE A WA EEK
(stationary hypothesis) £ & % 3K (intrinsic hypothesis) » 4 %407

- > FRERK DR E D& K% A S P T 48 B K (second-order
stationary hypothesis) » * i & A & £ T & B K (wide-sense
stationary) > § — BAEH S BR LT A= B ERIA G B TR
B3K o
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3.ﬁ%%kaﬁﬁ%%&ﬁ»ﬂﬁ%ﬂ&?ﬁﬁﬁiﬁﬁw%ﬁ
By Mo omHourA g AN

CovlZ(x;), Z(x ;)] = E{[(Z(x;) —m][Z(x;) —m]} = C(h) (4.7)
HY h=|xi—xj||»Cth)z - BLEIEH T B 2 ¥ o
=~ jxgrfgg: AR S BOR A T A BIEE T LB A gr,g,sr/g:

I A B2k g H2FLEP Y@
FEEdpendfic > 28 A wdrh iz &l o

E[Z(x;) = Z(x;)] = m(h) (4.8)

2. A BAR S W RE B2 R LEPREERLA B2
RS aSdic 20 o usrat al o

Var[Z(x,),Z(x )] = E{[(Z(x,) = Z(x )]'} = 2y (h) (4.9)
H 7 h=|xi—xjll > m(h)& 2y(h) i & & B &2 5EHG B2 Sk

B SH E B ehd &P h {&—%Zﬁm’u*&ﬁi?
*"'W%Mmu RERH GEH

? |* %2 B (variogram) fp it FTA T FApb L L5d R 2 R
dron 207 R “ﬁ&%s_‘\ HAFEREE T dmda k3t (best linear
unbiased estimation, BLUE) o sufl &2 s S & B H3t 1 &5
BP A »w E_ FWMEY Y E &% (unbiased) ¥ & | 353 AL

(minimum mean squared error) © % - B P I L s Jl42 25 &2 KB4

ZEIER U e S R ) PN *Ea&ﬁﬂWﬁ?%@ﬁﬁmﬁ
zﬁgﬁﬁng@wi’%?ﬂ<ﬁk4u)w§ﬁ» £ 0% 0%
o TFFRPELPEE RS, IANF O RLJEZEZTTEF ARL

}E AR B E o
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FLZ())= 1Y A Z(c)1= Y A =m

=2 A =1 (4.10)

- B P EEE g—,s,J‘ L a3 fw;_,if o H-p P EE I 2. BB Z(xa),
A

o=I..n %7 % - S#&> E Z&)=Z(x),...20x,)]" > L8 E A, a=I..n
47 5 MO0 )] R E R R R R B e

E{[Z(x))=Z'T} = E{[Z(x,) - M%) Z(0)]'}

=Mx) K Mx)+0” —2M(x)"k 1D

RN TR T BT R VRS RN N R
Iy

C(H'xl - le) o C(Hxl
K= : : , k= :
X~ X1H) - C( ) C(x, —xy)

C(x, —x,)

X —X

n n

- ﬁi}‘\‘ 4 11 E"P Fu? 4} /é': rf’ﬂ;hj_ I‘:, %‘ &v— .E)P;‘\A o ll'L —_ _E)" }\‘ IJ" Z* _EA
Fu‘f 4} = = l’t"'za Kﬂ} ullﬁim—' ij?ﬁ-; ’ Gqﬂ’[" z IFB‘% L—I—_.ﬂi’ fgﬁ ;' ;}'\2’7‘?}\ l'-r— [E I
SHA A SOl [T UM R AR S - Rk AN e e

V412

min  Ax) K AKX)+0” —20Mx)"k

st. Mx)1=1 (4.12)

2 15[, - #&iEs B o*ﬂ\4Uﬁ&&WWE?%*
4.13 #1477 2. %9 p > 42;% (Largrange Function) & f% > 2 ¥ v
w19 p F]+ (Largrange Multipliers)(Largrange, 1760) °
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L, =[Mx) K A(x) + 0% = 20(x) K] V[A(x) 1-1] (4.13)

R BT p >R ALMs £ 25 0 RBUFET 2 &) B

v 8

KA(x)-k-v1=0 (4.14)

AN 410 E 2 RS 414 2 W fRG A, 8 v AR S aEL A
4o 4750 415 0

[If ;}P-ﬂ N m (4.15)

THRE Ao A RELA ARG E Z o bR R ET
S AR 41D FEd 5 414 OB BT B A et 416 ff b E 2
X o

X

E{[Z(x,)-Z T}=0"-Mx)"k (4.16)

et g Fi- & sof| £/ (ordinary Kriging, ff # %
OK) - - ﬁifﬁ‘]ﬁ:‘% AP LRARR Y R * &2 AT PF
BORIRE S E G A e A S et e H R EUBRR S lienk % R
B2 AR (A7) G2 bR T A E R % o 2 ihk %ﬂﬁ;:ﬂ 2
FHEE AL RS P AT S R R N
B % o - BT BBRA S S £ A (model fitting) ©

o

“‘u

R m{- R PRI E S R ER- BrREH ST B
R ARR > Hifwp 27 %% (Kitanidis, 1997; Chiles and Delfiner,
1999) - ﬁa@; x;’r.g‘&m% B A2 (49) Bk o £ ide

L
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VarlZ(x,),Z(x,)]= EX[(Z(x,) = Z(x )]} =2y (h)

A 2ph)r  REB > A Fyh) s = %L Bl(semivariogram) o — £k

;ﬁu:a:ﬁ&?ni » wx?*ﬂﬁw(h):a KRR L RBBEE R ET D
Sfch o ATRERTE R L 4170
C(h)=0o"—y(h) (4.17)

AT E SRR L R B BN G B LA - BRERE
ok ¥R d S R TOERZE R REFT FIRL
RS SCHET Y By EEE 1

d R R Ry S AR KRR R 2049
BB AR 408 M REA WP Y EARA I TEARTPHEE
7 o ﬁii % 5% % 2 Bl(empirical variogram) °

L S ) -2+ )]

y(h) = TN ) &

(4.18)

B NR)R LB MR s hafi A Bliod SRR B al o
PE RGP o WL A AT o BER AL EERL b
Ao RHERIED AAPRT S R 180 RR RS b iR AR
Beo VST R 450 FF ox HtRA o R b 2 hy 7 FEEROK
o AL RS BE o A R XGRS by A G Ny B R
FEdE S hy R A G N(hy) B 0 r2 i o
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X X
X 4
X X
b4 4

Bl45 SHFERZIEREPHRTE T L F

RS E B AN (418) v L EFArE 4.6 2 M &
Bl > fz 5 %2 2 Bl(variogram cloud) -

or

Bt
Gt
o - % mw
it .
,
3
‘1
B - ‘.p'- - :.. ] -
1 . _'-.‘_ - E:
., J' i : LT
J
-;e.tb—-g"_ﬁ-br":m_\m-..._..&. il I T—
I! 0.2 0.4 0.6 0.8 | 1.2 1.4
5

BRI ARSN TGRS o 5 B - BREFFPN A 0B 4.7
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B RRES B ARRT S Bfrs (60 BB IE LR
R S% %R BT
S RN AT R A DT SRR o

A 1

L] 2
y IR T
“a AR

Y
R

B > 4cB) 4.8 -

§ER S SRR P AT BRI
b AERRT

FeAR < o Wm

g

0.4¢ \x \x
0. 3% %
0.2¢ x \x
0.1 x x

0h——r—

0 0.2

Bl 4.7 B F B

0.05

®] 4.8

x x x x = ” =

= - x x * ) x

3 x X x x x -

x x x x X ® =

e *x * x x X X

* & = x = = |
lagl zone

* *% * = * x x
lag2 zone

x x o o " 2

lag3 zone
p 4 x o

= X > X
xl;.p,-fl)gonex » % x x
- > - - o + x
0.4 0.6 0.8
X
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(uncorrelated) »owm LT RPN E B ANEW S BIERE S  D R S AR o
= 384 e B’*lﬁa‘?\f@%%&lﬁ#&’fﬁrﬁg
gt pARIR R 5 22T 4R G T o AP R BRI AT B T

E 2 % 2t T 4%
R G T AR e

NI LT g AL T 7

- BITREXTOREIRY oy R FAET- WARTRE
SR AR R AL R G (ill) 0 5 T AR R SRR
2+ 7 &% LB DR EHFF (inflience range) #* E_4p B 42
(correlation length) o #* ¢t » A& EFEHF P 2(X) PFF i Fl 5 A 7 R B
AN B R R L R R AR RN R R
A0 FEREY b FEG BHoTE (nugget effect) o R Bl L AR %
HcAirB) 4.9 971 o

0.35
Influence Range

W

<

0.15 Sill

Nugget Effect I
0 H:L’ U.- i (I.-Ii 'i.‘H |

I
B49 TRAUANFT%HLER S LT LR

54
ot
A
A&k
T fm
= =
_“\1} -~
5
=2
\3\
4
w
(ﬂn

SHcRZ B AR R ehdp B 2

Bpacen mAA P TH AT A hE L Y AR AR
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GIEESIESIE 2 SRS TR E T2 B

= j_J E‘f"le'é% ' m
AR B S SIS % R B (theoretical variogram) 14 T 7]
AT LAY ER

- ~ 335455 (spherical model)

c{l.sﬁ_o.s(ﬁﬂ, h<a
y(h) = a a

C, h>a

=~ 3p%cii5" (exponential model)
y(h) = C{l — exp(_—%ﬂ
a

= ~ & #H7% (Gaussian model)

y(h) = C{l - exp(_ 32}12 ﬂ
a

% ,ﬁ’z—g‘g%]}ﬁ ° %."1‘ Co?if—?—i’k"i[@ ’ E'J;’/};\‘ 4 e C 4 b Cg e

LIRARN ik BT B o ip i A

oL A& FREFEROLE

BRI FAE LT R FHT A& A

AE
AL FI R R BlenR e ] - B8R i o - ik
e ES EEENEL RS X T2 Y BT £y
AT G e R R R B Wl gl LTI - B4

BRI G et TR 0D o doRl 4.10 -

%

i
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A G RHGEEMAS D R - BHE A R Ay
REREFERPE BV T RH B R OET o o e
(isotropic) ~ #£% w |+ (anisotropic) ~ ¥ # 1+ (cyclicity) & > B %7
M 5 2B B4 > ¥ 24 (Chiles and Delfiner, 1999) -

§43 F 2 TR AL e-GPS HF HH Nk it B

SIS S B TAT R
B EFT R A
SERE L % 4
ERETRFG
ZHD -

i
A
N
Q
o
w
e
Ry
S
=
=
(7
34
7.‘-
EC
@
C)
o
W
A
‘
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TRARE R PRARA B
AR HHP) A 27D

RARE > HAEBGE
v v
LR N S S &R
Y v
% Fa] & 4 %
)
EAE 2
4
& & A 1K
4 X

////'eﬁmﬁﬁﬁi&ﬁﬁi ////,

B 41l ¢ &5 %5 §F T aIZe itz

L F R e F R TR A TR T

Step 1.

Step 2.

FAIL  BABE TAILILF 3B F TS p L5
7 7 il )’i e s l_}‘]ll,b

PREPct SR fF A R EFES 2 4e§d] 2 FE A AR
B orid o A S Ly R R g Rk oke P RE
R FREZPFIEGRE SR o R P EIHS T
PE LA ELE R R 2009 £ X B okEG F E- e-GPS A
Spoklg PE-EFREEE 2 FRE FERSE
A §432 79 o
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Step 3. ?;Fé*.fééf#/»\ﬁ CERHEG P A F b R kG F
BEME @ﬂ@w#%w~ﬁ$ﬁ}ié?éﬁiﬁ’#
HERAELFZREHLIT - FRLENZEY o G B
& T4 BIE (7 05N £ fe (model fitting) 0 -1 * s £ 02
A Rias 8 L e-GPS Ao k#ER 2L E o

Step 4. % B F © 4 20 % e-GPS #¥r e d B A b o Fpt#k 2ok
hPFREMNZE FREEFERAF > @I LR

§431 F R FHEFRIL - FRBE 2 B RAF

PLF Rk hF RERBRBIESAE - L BT R
FRAEEFPFRUEFRETIE SELLIEEETE blickh &
EL%;,. BR#T p K> DOY218 2 DOY 221 Fli % FlEd s gh hg
P HREF RTORT AT od WL F R UE L e-GPS BT
ﬁiﬂPa’rﬂtbiwémp%'/Hfram,p:t—ww e LI pn‘ﬂrsﬁz%
LigfFigr > AP BT PR AEEI AR REG - BRY
I BRF T R BRI TR Bl At S R B R
g - 2T e b i@—f*?;ﬂ&éé:-ﬁ_/n\’}fr,l‘zi TG T A LM T S

B I 0 o] 412
Stepl: 3R

—- H R F Rk F RZE R ERIF R (Station Level, SL) &
P 4.193{;\ 42087 B R E > MIBEE F ferb Ak ok A@miafﬁ‘ﬁ
BF 8 o F BREFEHR T k&G + o35 > & Laplace * 4254 2

BNARREE F4 2 1B 419 ®F (CFIP4H > 2001) ¢

BREECE
C=F - Py =P, (10" -1)
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PR FRES
PO:PSL+PSL(10m_1) (4.19)
H )
nm= =log,,—-
18400(1+1¢/273) P,
H
H: Bz 3 (m)
Py ! =3 k%5 5 BRE(hPa)
Pgp @ Bjxb=< 5 B4 (°C)

T, =T, +0.0065- H (4.20)

e-GPS 25 #i.R ¥ #
Station level (SL)

Step 2: M4

REAKEDARSARE KK FETRe-(PSHEARE

Bl 4.12 %5 %exbf BEPIFTHERT e-GPS 27 & B
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Step2: 5 Bt

B E Gk % 27 e-GPS # (=% F o ) F#-Step 1 ¢ 7 |
ook Mg TR ke Py 2R o Y - Kl g 0 U
GSLIB (Geostatistical Software LIBrary) * 2z #2;%4& % 3 e-GPS ko

Step3 : % BA ¥

@ e-GPS b fd ¥ kG A T35k kG F R BEF RE L
ST % 419 2 420 387§ R AT 1w 5] e-GPS o 0F B
({7 8 5] e-GPS #hhf % FHL o

§4.32 xR d F F % B2 HES

PokBe P F BRI ETATSAEF REETE Y (B
52) Sz dritg s AP R R G OB 43t 4.21 (Niell, 1996)

E=&, —&, -cos (2#(%)} 4.21)

)
kg
|k
b2

oy

3
|k

ELREA B RBER P i e e E kG
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DOY -28
TO =(a1-¢+a2)—(a3-¢+a4).cos[2ﬂ'(WJJ (422)

,}_‘Lt’
To: = %> J\_Em P‘{e uz.‘.!é_*s—i\‘ B

a, =-0.8295, a, =44.4101, a, =0.7618, a, = -12.4038
g WR(R)
DOY : PR % #c > Day of year

94220 > Ty H A okBEe P E R ERSNE S a BETE LA
rEBE R KB 'g"]"P;F/‘n_lﬁ—}M’“5@'4‘%{’&'%%"/"32&@.}
‘:l-d—f/[:%(}\%f‘l’ﬁ#% %\«é’%)&?‘f'”}i §416-ia‘33§:]:7i:q_7i\%}1‘ ETF,Z-

/"/_w_E«&—Iij’ T'IE\

R EHLEF - R ARAY B REG F

it o 29 oa, a 2 M S GEc &
oz RFERESFREIAEH G » PRI FEZLZLFTEF
it oas, ay MM S B2 ¥ @ IFE S 4P & Bl pE R Eicp

UHE T B R

B > 12 DOY (Day of year) # 7t o

FRE o AR A RE A
LR o T A B R bR
B Sl JRIF IR AP i o PR

4
as)

s
THAF Y RE T R
Hogs % oF 4ot 4.23

=

365.25

P, =b,-b, -cos(27r(
(4.23)

Ho

m:%%«ﬁaigﬁﬁﬁfﬁ
PSS Bl 5 e RS b=1015.9  (hPa), b= -6.5621(hPa)

DOY : P+ % #ic
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by G#EEA* P A F R RE R F R REPERT < kG
rig o ﬁ€§ 16iﬁ%ﬁ§i¥ﬁﬁmﬁﬁﬁ%’% I
B RS oREG G REF 2 SR TGE b A S LE&*%
BREELIDE b MAFH B2 IR TREFBREZFTEED o
Pp 5 <~ kg b 5 REHE -

§433 TEEHAY - 2FHRE

AP ARG FPFERLEE FRALES BT IR ®
£ B (experimental variogram) - # i ﬁﬂiﬁ>mmwﬁm@)ﬁ'?
REAFERLINZ FRALZEZHGHS Y g o @E A2 L%
ﬂ;@’x’f"“f%;"f‘n W2 BEL B2 oL e RERE FIR
LRl L% e (B md 225°) Mz HLE e (2 E 11259
B A B BEFR TR B ARSI e 2 FRIEE
Bl o3 imd 225° %2 112.5°¢

2009 & + p5 ok ik g Ffff“‘/ﬂﬁzif&l’f_‘?}?
4”“*’fﬁii;%ﬂﬁ&éw%ﬁﬁT%ﬁﬁﬁ,?ﬁézi
?i@%ﬁ"ﬂﬁ’Zgiﬁﬁﬁﬁiﬁii@&ﬁuakg¢i&
F e-GPS shim B erdafs o 4227 0 FIEESATE A I mE
Y S TR RN LR Sy AR L
#i » S KR - B e-GPS # ZHD -

10.0_, 10.0_,
] ] o ' FTHRERER
8.0 8.0
6.0 pamene prann, prsetemsestet el 7 6.0 ] fipareossaagrertuens™® ™
4.0 ] 4.0 ]
2.0] 2.0]
0.0 | T T T T 0.0 | T T T T
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Distance Distance
= i+ 4 22.5° > x4 1125°

B 413 2009 # x k&G g EALZEFTHLERE



A5 2009 E ke P EFRALEFIHRIEER O EALE
AP

B R SR ol 4040 6
LB Rl b IR RS R SR AN - 20 Y e-GPS
FhoSBcdG EEEM Y ZHD 2 ZWD o & 4N 44 B kG
FBRALERE eGPS ‘”\,sz’_g'xj'_r"“jrg,p cARLBRG ) F R
(8423) T 5H <ok G L e-GPS HixE 2 FRENR

‘%3‘:'

P =1015.9+6.5621-cos| 22| 29X =281 . § (4.24)
365.25

Ho
Poi 4 H kR FRERS @
DOY : p* R % % > Day of year

b ERRBERLFRALE

so.o,f 1 50.0,? ..... PIEA L R g
] o, ]

40.0 ] ‘,_f \ﬂ‘) - X& ----------- 40.0] . ‘JZ.\‘{{. ------------------
] e ] loASS
] 7] ] fay

30.0] v 30.0] TN
1AL g

'Y 1r .f.\«‘r' Y 1t e

20.0f.- 20.0;-

10.05;' 10.05,-'

0'0: T T T T T 1 00: T T T T T 1
00 02 04 06 08 10 12 00 02 04 06 08 10 12

Distance Distance
= {~ 4 22.5° > =4 112.5°

B4.142009% ~ 3=k BG F RALEFHEIXEIRZ ZHLIRLER

§4.43e e e-GPS 33 ¥4 & Rt &

d & e-GPS 1™ PPP = j# “i 23+ 1@ 4 ZTD Joh41% A 42
B B2 grud ZHD 57T EW@ L 2 R ZWD o o
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Modified Hopfield 7 & #-5% ¢ ¥ 5= ZWD £k T » B 5 B > F]yt 22
oA RSEH AR TGN L e-GPS 2 % ¥ ZWD p
REE REEFT BT NN R ?;}lo

§4.4.1 e-GPS z:iBuE B § 21k 5 AR

g3 LRI ZWD SR A R A e o T fE D L
R R AR OREG T AR RS o I 422 2 N 424
AR OREG P2 FEE FRENE ;%’d Modified Hopfield #i=35% 3+
¥ % e-GPSiplzk ZHD f3 & 0 & ® #-% e-GPS zhpLipI2. % ¥ ZWD &
e p Ehz KA AR T ARACR] 4.15 ¢

T3

<

[+ [+] [

ZTD. cps.st Moditied Hoptield Dry Model
| |

WD, gps s ;

ZWD_ gps ¢ /
h_'-i’

Modified Hopfield Wet Model LA o 5: o f
PI] TR :tl'_'.. ,)j; A= _

ee_GpS’U: K th "J; =
H:e-GPS#h 1E
Qe R TA ¥
e-GPS .0 A b7k

Wl 4.15 % TFH A R B G KT A RIRALE

TR REE T D e-GPS BIEE quwp BT <ok E
% b o ¥ % 4ozt 4.25(Schiiler, 2001) :
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ZWDe—GPS,SL

ZWD@—GPS,O =

exp(— 1o (4.25)

9 zwp
H o
qQzwp- * B¥I K B E T 3 )i;ﬁ;
ZWD.gpsp * €-GPS iz § * 3=
ZWDgpssL * €-GPS =20 ZWD
H:plzbr 3

A

F oo k&d 1w Eﬁ? t$ 1 qzwp=3.1547
FZWD

krmtﬂ
A=
\ —
7
—km; et

Ho: %48 Bt %de e g
% 14 BEF F R 9 e-GPS AR Y R IF L e Prsh o
3 %ﬁ TSR AT e-GPS b TEHIR K BB E KRB

A LA R Quwp B0 TP R EFETORT SRS N 2 R
ﬁﬁﬁ?"

§4.42 < ¥ KEG FARE SR BT

S RER PRAAREFIRSEFEE CFREMRE ¥ T A
T B IEH S H o Aosl 4.26:

DOY -28
€, =C, —C,-COoS (272' (WJ) (426)

H

Cii* B kB q FoRT A BRESNZ e B ﬁﬁﬁ? is 1% ¢,=28.7013(hPa),
c,=10.5448 (hPa)

e - s pookiEg FoROT A BRENE

o §4.1 iR > B I E R IARR R R AR A R 2
oo ¥ e-GPSE o RIA A REFZ RN FRFET p RS RY Sk
i&ﬁp’? » T AT Aest 427 ¢
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ZWD@—GPS,SL

_HO
DOY —28 exp(- )
err(x,H,DOY)=c, —c, -cos (27[[ D - Al
365.25 L (~12.96 371800
2.2x107° x + 5
T, T;

(4.27)

H

X % ;3% F 2 e-GPS 3

Qzwp- * TBEL AR RUEEE B RS & F]F 0 5 d ﬁ&ﬁflé # qzwp=3.1547
ZWDe.gppsL - €-GPS # i % ZWD

H:e-GPS 1 3

(@]

o
[\
x
-
-
—
(98]

qik%*ﬁﬁifnﬁﬁﬁﬁiﬁ&’ﬁﬁﬁﬁé@
c2=10.5448

s TOHLDOY) 3 g gt L]t TE RE S ol
c2 % qzwpecl #cE Al s RGP ARE Av\@ AL T fe @
L= A X A\ EF/ZJC rE ,ﬁhfﬁl]i«ua F‘TF RKE WL LBAE R ES
pokEG P REAARBREH N S GBceocl NA LB }\—?m Fokx
A@ﬂﬁl%ﬁ’dAwﬁﬂm&V%W’P%m,éml“wl
QAN A AR kB PRI AREFTR > oV 4270 4 F =
RIS A AI™ GPS FTARE L « & }"3‘3‘ BoRA A B o qzwp ‘*Eﬁ
P e PR gt “Pﬁﬁ?’;”%“]‘f\ <ok FORGT A RSN Sk
‘b PR R D (7B S B2 3 F o

§443 LA RZT Fé"‘%“;f?_&ﬂ}fr ~Z R
d PPP Hjr#rizitz. ZWD BRI N EFZ RA AR A K

i%\i 24 ;i,gg’_—&l ch B AREZE BZREY RS ITE R LG 0 R
- #H3tE e-GPS R 2 RITABALE -

smﬂ

N
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50.0] 50.0.] . Lo
] ] o - —? g % 2 B
] ] oseese®”
40'07} &u.,.mmu..“‘.-“'“ww"’"“.‘ 40.0?.«'.7.“.“-"‘*..-‘(."‘
30.0] 30.0]
Y o Y oo
20.0{ 20.0{
10.0 10.0
0.0 ] T T T T 0.0 ] T T T T
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Distance Distance
= i 4 22.5° = 4 112.5°
B 4.16 2009 # * kB KT A BRA I T IR LIGEBE LTS

£ 7

AR KR LR ARA LR AHS 4 225 2 112.5°
AR - - fié‘ 2 B] (experimental Variogram) e B HO R e
(model fitting) 5 N7 C & -RT L BA L2 R ERHRS -

§4.5F > LB FBPHINE BB DS

A2V AE - BRBES D RS 28
FHY EREFOHESE BAREE () RREGHECE R FS S
A PER () (s o 2R ® EReLa ﬁfi*’ﬁiﬁi‘éﬁv BCE I
BB B R RS DA E S RO RARTEAPFIL Y R ALY
Ly - S GPS WA LI RRY A T A e

=

34

142



V- A7 23 R QLG SV S o ;ﬁ{u TP iE P
SR A e - I ARE O a5 5% S ¥ (empirical parameters) &
PR E BT B ] o ¥ RS ed] i3 3R e (spherical
harmonics) ~ % 78 ;% % # (polynomial coefficients) ~ ¥ #p & Hc ek vy

LA AL

(amplitudes) ~ #7 & (frquencies) ¥? 4p = % (phase angles) & & - H ¢ >
— “3*% A (AR5Z) Sl Rh BB E B RN 2 iy

mr

o
Y

B2 pg e o Pt ane-GPS i ALiTE #5485 £ B Trimble

2 73 B e GPSNet #08 » S ##rié * ¥ #5852 Modified

Hopfield #-73|fiz & Niell p it Sific o ot » 57 @ A H 978 B ow

BHEgr N fap ARE # ¥ GPSNet #rdernfp 348 > M A %

Trimble 2 & iS4 3 7 "F 43 80 0T B HE 4o e-GPS k2

PP o AP E AL 2 RIS TR P 2 2
Modified Hopfield #5% 3) % » 4o §2.3.3 #fif o

Modified Hopfield $-3¢ m@l SHEF RSB TR R
HARERE (BRAAR) BRIE - 8 & ok iRT > GPS Bk
Fefg % S-BciE A_A dren s Fpt - A @ % Modified Hopfield 5%
B B A BRI G 1ochp 2R (default) iﬁi:@i(ZO"C,
1013mb, 50%) £ 74w Rl % & (H) mPf % Kﬁx @ @
Modified Hopfield ezt ;%48 5 plab2 X B g w2 o

» 7 44 * Modified Hopfield ##-5% 3] & » 175 & 8% & (24
Bt Bz 2 o AP A LT 3RS (%% B 4.17~4.18) :

Step 1. 1335l p # (DOY) 113 plsherid R () > T B30

REpE Y ARG AR R RS KA R Sk
(to, Po, €9) ©
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Step 2. #- B4R 60 (to, Po, e0) » 1R RIENF A (H) > @ *
Modified Hopfield p 2 #o5¢ 5 5 Bl sk g % o3k

Step 3. #-f ¥ 1 ¢hF % £#% » Modified Hopfield erifi#:+ 3 2
FAofe Bk X IR EBE

DOY, ¢
| |
/ toPo / / to,€0 /

L
Modified Hopfield

/by S Wet Model

Modified Hopfield

;
Dry Model / ZWD, /

y
/ ZHDy, / / WDy /

\

/ ZTD,, /

[+F

/
/ H, Qawp  /
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A eBRE RIS AR L RIS B. & %45 5 ZWD 3 3 bk B A2
T,=(a,-p+a,)—(a;-p+a,) f(DOY) T, =T,-0.0065-H
-H
B, =b —b,- f(DOY) P, =P 1018400147, /273)
e, = ¢, —c, f(DOY) 2D, = exp =ty 2w,
97wp
£(DOY) = cos(27[(D306}5]; 528))

C. ®iFsiir|
a, =-0.8295, a, = 44.4101, a, = 0.7618, a, = -12.4038

b, =1015.9,b, =—6.5621
¢, =28.7013, c, =10.5448

G p =3.1547

B 418 SAFBEEIA 2B/ Y B ¢ Modified Hopfield 5% 2
S S

B REBEEHEIIE RN TT R mﬁig?] ~ Sdic > AP RO B SLeh
Modified Hopfield #-3% #7 % mﬁg?l » S ¥ “érf IR R RV S SN
D0 Rl pEp (DOY) 0 i e pF DOY & §_Niell p& &4 30 #ic#73f b 2 &
B e FlPt AP F R 2 R B A B R0 S & &2 GPSNet
AR RARF L o

d ** GPSNet 42 ;¢ 7~ &_i¢ * Modified Hopfield $i-5¢ » F]ot 7 12 %
LR RN R Y 2 83 /2% (& MatLab BRE ¢ B )
# B4 Trimble 2 @ > 12 4c » GPSNet 4258 ¢ o o >t H ek (7 ¥ 7
Fl¥t > ® & Trimble 2 # AR > TF Ef1 ~ o
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FHhE BREGBEDH

AtF P R e E ez i (PPP) 32 F3t e-GPS b2 % TR
BT R LR TR EIRAG TR
A SRR RIRT A FI A B A I AR R 2
TacHBRRET A S A HHRA I AR S22

e-GPS #borigtz X HH A RUEEE Y WVR B 7 i Bp
fTié T K i s R WVP-1500 A& - fapkde R F ok fg o ik o
d % B Radiometerics Corporation = & 7 B # > & 3 /i *
22GHz-30GHzz e 5 BRplA L ¥ EPIZ 10 22 3 Fvk g 3
B REEEXRE L ZRFAER R AR R O A 0
*t %4 Azimuth Drive =~ ¥ §|* GPS @4 & & BilFrk & & 2
Gk B R HE - TARFELRIFR BRI F P TR RE 2
RECRE T A2 G S F R rid S PRTRUEE T o K F IR RT
i’—:’—"}g“ Do L H v LB - 3 GPS fFh B i~ F K fTid & et

£ 1% proig S 2 X R RWEE (ZWD) BRI T AL s 0 9
5—6&\&@_5—ﬁﬁﬂvﬁiﬁ%i%ﬁfﬁ?&m%\i&miﬁwp,  HP R R
(TT) ~ ;% & (HH) ~ &4 (PPP) &£ 4" ¥ & = %)&:EJ%E/EM oo
BAFRRBBCRBRAFER CAEER A FFREER R R
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MEAN | STD | RMS

(cm) (cm) | (¥cm)
# i = (PKGM) 0.75 1.19 1.41
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Z 52X BHIRA T BT HT ORI R VR A
Stat PKGM | FONB = GOLI & SIND | TMAM | CKSV | YILN
10n
o Ak EF TR AR | <RI XcplR| @i
Elevation (m) | 22.79 | 24.45 | 2522 | 3448 | 3453 | 3935 | 43.47
mms (+em) | 017 | 023 | 025 | 033 | 018 | 0.15 0.23
Stat LSBO | FLNM | TASO @ JULI | FUSI | WULU | WULI
ation
BlEP ) BH Wy 12 = % A a2
Elevation (m) | 102.37 | 114.66 | 13229 | 152.09 | 480.75 @ 900.75 | 1764.40
rms(+cm) | 016 | 021 | 018 | 020 | 023 03I 0.45
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1053 % FHIE A B E PR R

Station PKGM | FONB | GOLI | SIND | TMAM | CKSV | YILN
A B 2% TR 7R SRR ARIE|] B

Elevation (m) | 22.79 | 24.45 | 2522 | 3448 | 3453 | 39.35 43.47
rms (+cm) 4.94 4.69 5.28 5.48 4.53 4.88 5.32
Station LSBO | FLNM | TASO | JULI FUSI | WULU | WULI
RlEP S B i N1 e %R il

Elevation (m) | 102.37 | 114.66 | 132.29 | 152.09 | 480.75 | 900.75 | 1764.40
rms (+cm) 5.12 4.34 5.65 4.37 4.95 3.77 3.49
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2 F % FBn ARG P2 AR < F Y (Dach et al., 2008) - 14
Bt Pz ST MR W BB D RIS R
5.11~5.13 -
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+ GPS-derived ZTD
==7TD Model
== Saastamoinen Model
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— Modified Hopfield Model
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— Modified Hopfield Model

E22 E22
g =
N2 N2
1.8 1.8f
16- . 16+
14 1.4
1.2 L i i i 4 i o 1.2-
50 100 150 200 250 300 350
Day of Year

200 250 300 350

150
Day of Year

100

E22 E22
g =
N2 N2
1.8 1.8f
16- 1 16-
14 1.4
1.2 L i i i 4 i o 1.2-
50 100 150 200 250 300 350
Day of Year
JuLl
3- : - 3-
28 28

150 200 250 300 350

Day of Year

100

Fusi

1.8t 1 18
16 16}
1.4F 4 1.4 4
5 50 100 150 200 250 300 350 % 50 100 150 200 0 300 350
Day of Year Day of Year
F15.12 Hfneb b & fHink 8 0 it & PPP 342 ZTD o

156



WwuLu WuULI

3 - 3 -
28 28
26 26

18 18
16 16
14 14
124 _L L L Lo L L . 124 _L L L Lo L L .
1] 50 100 150 200 250 300 350 1] 50 100 150 200 250 300 350
Day of Year Day of Year

BS5.13 Hetizb b & fadin A a2 i3 & #7588 PPP 532 ZTD V' # [§]

\\\?{r

Bifsr @ @@ ZTD .i’ '?E?’%'J ? E ifﬁ’ xzd *v?g? mjag;
d A F RBG@EHEIPEFTR LR ZTD NREFRT
ZTD + 7 4k o e § 27 PPP #7ig 32 ZTD #p b > 23PN m iz K
Pl SR RS ZID £ &% o

CEARREHMEE RS I NS B Y R F R A ARES
P2 g B 5.01~5.13 ¢ A tetra® Y BB E 2 ZTD M
ERESLH AR ZTD B E1 8 AT % - S8 FBEHNE B
BN TER ZTD 22 &% » H i 484 & PPP #7i2t2
ZTD ez — 5k o d B 5.11-5.13 ¥ 2 % - 977 & 2 2 L1 B
T2 LB AGAESBEL PN  SHETEEHI A LB T HC
BN I ENE 20 o4 o

§57 17 A FBUHARCEG I HAS PREAL BB H
B R

d § 5.6 #1if » Si%*?vﬁ““ﬁi%iﬁfé;ﬁi@@_ﬁ%i;“i’i‘iﬁﬁ?;‘ii

Ehx Vi 20 048 FIP R THEREEFE LT H 7
Ptk B DM R R LR -

157



AFEAI A BENIRRFAL FLERB TR EFE T
FPERH AL ST G AR LR Arig it aplak e W 5 CKSV (GBI
i AE) 2 YUSN (i LAV aE ) s BELUPIPERR 2 2009 & 7 8 o B R
[AENIE S L

%54 CKSV b * 7 $hink sol f75e (7 B B e 4 % 0t i

CKSV (Rl £ 4 &) 2009/7/14
T S L i B Modlﬁed Hopfield #3¢ S ol e e
. Mean(m) -0.279 -0.225 -0.219
RMS( £m) 1.976 1.723 1.699
N Mean(m) 0.090 0.012 -0.004
RMS( +m) 1.610 1.268 1.261
. Mean(m) 7.227 1.309 0.640
RMS( +m) 9.340 4.529 4.342

% 55YUSN @ % 2 i ec t e FH LT %1t )

YUSN (F i #“ %) 2009/7/17
L X LA B Modified Hopfield fics¢ T AT
E Mean(m) -0.279 -0.236 -0.235
RMS( £m) 2.112 2.087 2.076
N Mean(m) 0.450 0.313 0.314
RMS( £m) 2.961 2.483 2.493
U Mean(m) 4.334 0.432 0.165
RMS( £m) 7.343 5.496 5.495

d & 54 E £ 55957 0 B 2 e ket BT H B
TEHEF AR R T A Z AR R A B 5 E D B
Modified Hopfield #3812 2 & B H S0 0 8L A & 7 R
TR Gl et B0 % RMS & pfél o™ A& §ag e
RS et 2 AR B A SR ETHLET IR PR
»* ¢ * Modified Hopfield %ﬁ;‘ g fq_ f’? REPERENATELE
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(# 542 % 559 mean 8)% % K7 4 50% > CKSV b 2284 T 3o
d 1.309m *% 3 0.640m » YUSN =bd 0.432m * % 0.165m o

§5.8 e-GPS #: X BRI K ERIEFL VR P E R
AR B A G PR TR Y ZWD B R a4 o
w o)A s 5 2008 £ 4F A E 2008 E 3 # gk - 2009 £ 45 A £ 2

2009 & 3 Bk o

§5.8.1 FHF & TR AL

AT ERAHE BRG] REFA 0 A 5.6 477 5 151 %
FHREFLSH

% 5.6 v 6|5 AF R R

GPS FRrEGEaE)
2008 & 5 & % 2008/06/12~2008/06/19 2008/06/12~2008/06/19
2008 # % %5 %k | 2008/09/11~2008/09/18 2008/09/11~2008/09/18
2009 # 5 & % 2009/06/11~2009/06/18 2009/06/11~2009/06/18
2000 # ¥+ 5 %k | 2009/08/05~2009/08/12 2009/08/05~2009/08/12

GPS TR kiR 'y kp ¥ p prdRE 2 Plg Y s oriE B ihe-GPS T+
R FRBFEFE L3080 F FFRD P L F R AHTTR
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B 5 etz imnione.
B s otz snuione. GS10

B o955 e mERLCAELARODSRE .

O EF SR RS (765E)
ax O BRELEHGE)

(R BT )
FALI

B 5.14 GPS =t =% » 1% Bl

257 v BRI ABhs BT

2008 = ¥ & % GS10(%-k) ~ VR02(2 ¥ ) ~ FALI(H %)% T101(K § &)
2008 # 2 # 5k | GS10Gk-k) ~ VRO2(® ¥ )~ FALI#* %)% T101(K ¢ &)
2009 = ¥ & % GOLI(F %)~ VR02(% ¥ )~ MAJA(E 707 T101(% ¥ Ay

2009 # 3 3 ok h

GOLI(? %)‘VROZ(H ¢ )‘MAJA(;,%?\)i Tlﬂl(i%@

FR(R) FR(R) B (2 %)
GS10(% -k =) 121.461553 25.146545 52.1234
VRO2(2 ¥ k) 120.373487 23.899940 42.5818
FALI(# % #) 120.593606 22.365256 41.6524
T101(K & /&) 121.323625 23.020338 110.296
GOLI(F % #) 121.987432 25.02039%4 45.9308
MAJAQGE 73t) 120.652060 22.707649 211.764
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Wet Delay and Rainfall (GS10)
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Wet Delay and Rainfall (VR02)
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Wet Delay and Rainfall (FALI)
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Wet Delay and Rainfall (T101)
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Wet Delay and Rainfall (GS10)

T T T T T T T T 30
—Wetdelay]
—Rainfall
04+ -20
E £
> =
> =
G g
15 ©
= o
0.3+ 410
I\ A
0'20 20 40 100 120 140 160 18%

T|me Series (Hr)

B 5.19(a) Aokt ik i dkh HFHZWD & £ A 5| B

165



Wet Delay and Rainfall (VR02)
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Wet Delay and Rainfall (T101)
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Wet Delay and Rainfall (GOLI)
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Wet Delay and Rainfall (VR02)
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Wet Delay and Rainfall (MAJA)
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Wet Delay and Rainfall (T101)
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B F3%%54:2009 243 % (2009/06/11~2008/06/18)
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Wet Delay and Rainfall (VR02
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Wet Delay and Rainfall (T101)

05 T T T I 15
—Wet delay]
—Rainfall
0.4~ ol
E £
> b
~ —
@ ©
2 )=
[} ©
g o
0.3+ s
02 1 1 | | 1 1 1 o

0 2 40 60 80 100 120 140 180 180
Time Series (Hr)

Bl 5.21(d) 35 Fk 2009 45 & B ¥ ch ZWD &2 & £ pERY 5 5 ]

bit2 FE%ESkT PPP i 2 ¥ ZWD B A § 4
FZRERIG - £ EFFMEZ M RS R % N AL
4 Mﬁi“iéﬁ“é’**"ﬁ FF AR E A M GERFN AL

B B AT S E o F R BT B g B T3 Aot

%
&%?ﬁ%ii%ﬁi“ﬁ—*iﬁﬁo

172



FAE PWERKENRERGEAFTIRLURIE
325 i 3

§6.1PHEPHFFSEELEE HTVR

AF T e 99 #3093 3] pAarApH L EREZR 3‘;!“”?3%%‘?,]‘&
GBS FREVERL UM FINR 2 R P o 2010 B
%;‘%E”Eﬁﬂ’:a‘g”’ HR LA A B iE 270 4 =0 By
%354 6.1~62 > § P B F R IRACE 6.1 P o

»

6.1 B FH S %5 A
- B B &R Bt 2l ﬂ% EF' o

2000 TG R %"EEEHJJ‘ @

« ot B & D

08:30-00:20 LI

09:20-09:40 LR 23 8.8 -8
00:40-10:20 | WEE e | 00 NNH R R A 2 R R BANE | mTh R i WIIE & W

10:20-10:40 FEMETEIR T O
10:40-11:20 IHHAH‘H“!{UAVIMH“” EREERRBONRIE
5 : CESTE T HET 3n ]

: 1 PPP+o-GPSIIN N R R | R
11:20-12:00 o b L MK TWE M

12:00-13:30 5 m

13:30-14:10 h EmERAAEER PREE BN W I
astotasn | o Local nd globel vestical | mmam mznnm N Enw
15:10-15:50 | BASRUSARERZEMNEE | Sace 8 owme
15:50-16:30 i =13 Lol Al ] .tpszxw L g1

16:30-17:00 s R WL EE-1 EREE

: MEETHE - WHEE - REEZMMSNSWMLL200EHE - WMBEMETRNBTE -
BABITHR)

: GOMERN - PREOE - RIS M8

¢ TOTEEMI T A MBEE 198 ST AR TH S @7 R S R P O (AR IR RS A )

: (06)238-3399 ¥ 210~ 212~ 213

: (06)209-9733

: gnss2010@sgre.ncku.edu.tw

: 4 i i = = S - 2
Doy Sac e ol (SREHIRAS - WD 0)

At BRHBE - PRFEABASEZSEEERIE YA ERES

173



F06.2 PIEAHS S L FFHE HEL

B R E g #= B FHEA FHEA
08:30-09:20 2 £
09:20-09:40 HERREEEREINHE
vodotoo | T [MIREREARRHZ LE MDA 2| Efm
U mRet | RERRE SREHE BlEE
10:20-10:40 ZHIZTR I BRRETESH
10:40-11:20 ERBARTE A (VA EBRHERNKRGBE
= i Ao 11 PRAT] ##IE =+
p— REERE TR E AR BIEAE ——
E:I:E;J- PPP+e-GPS Eﬂjﬂllﬁzgﬂ’}ﬁ Eﬁﬂ])’(@ Qii ?ﬂﬁ
11:20-12:00 [& R IEE (L E iR 2.
F STEE R
12:00-13:30 FEBR
FREAIE AT SRR
13:30-14:10 BEERERA{ELEE . -
= BIREAEL R Ih A8
rones | T aMES RS iR TEXS WE AR
T BB Ee RS
14:50-15:10 =¥ /TR I RRETEER
¥E S SAR Higs B[ TRAR
15:10-15:50 :
s ARA 2 % HE A
bitad oA B Hait HuR
:50-16: SHEYESRER
15:50-16:30 BER 518
16:30-17:00 e E#® MEFERIL -BREMTH

174




2 IS LA R
AT ARRREAHE

wik 4@ LN

2010 R ALIE i“&;ﬂ’ﬂ?ﬁf ‘

175



B ke At 99 & 51 3EF G b FRA99E 6
34 P BLSERARAE PREIZZFFAE L 2RIFTAREE
PEPRIL - % 20 A g T 0 B A ok 930 3T 0 R
A54c @] 6-2 #ToT o

6.3 FELBRFREBMHHIAEEGT EHN AT FEFAY 5104

e %
A 5 9%6H 38 9 %684 8
% B (E#Hm ) (E#HA )
09 : 00 PPP X JE%7 B G B {h ST EXRE 1R 1F
[ WEP 1 R AU BHIT IR
10 : 00 BhH Wz LA
10 : 00 HEREEE SRR HEG
| HET C RAAREELHE ARBEHIL
11 : 00 B RRE AEA
11 : 00 & e-GPS UHER I BRI E R R E
| BZEtE A
12 : 00 B RHARLE DR PR BRI

B ART LA

12 : 00
J R

13 : 00
13 : 00 BEREHMEREENXZNE
| w3 WEP D RHARREEZE FRBHEHIL
14 : 00 B BwE A4
14 : 00 e-GPS 5 ¥} & 5k B B R T 54

| PPP SE IR KA HASE B SITERFI S EA
15 : 00 MO ORI ABIIYE BHIEHIE | HEF R AP UE BhIE IS
B3 Bz A

15 : 00 P

: PPP B AE 2 (AR 5 BB A = :ggﬁﬁﬂ?ﬁﬁﬁtﬁ%ﬁﬁﬂz
G ¢ g | MO P RARATSEE BRI | e s S
16 - 00 | 2B REBENXNSZERTEER

[ BED R RBILYAE BHIR L

17 200 | gh#k: Btz L4

176



Bl6.2 %7 5 3

177



§62 22 R HE e RE REH

AFENAERRPGFD AT S TS B2 AR EF L2
2 'ﬁ_jﬁ'ﬂ—krz\» 6.4 5 i \‘:FWQ iﬁ-ﬁ ;:1-"19[4'51\".:

64 FERP I FITEREFED BT R

BRI EAE we A e% | #i

1 ION GNSS 2010 | Time Frequency Analysis ‘/’!55( 2.~ | El @&
Meeting, ¥ Bl # | of Tropospheric Wet
E2N L & Delay Series Monitored l%
(Portland, by GPS Network PPP
Oregon, USA) Technique During
#1%:2010.03.01 | Extreme Rainfalls
< :2010.05.01

M %:2010.09.21

e
NN
&
m\ tt“-
«

2 FREZEFFTA | I RE RN | Fk
it g, oY | %48 GPS eI E | ERE
W o F 25 Rk Foir LPviE
#3%:2009.06.22 | 3 &
< :2009.06.29
T % :2009.07.24

3 F28EBZEFR (I pE BT mEt
Fig, st |4
ﬁ’fz Pﬁa? L5 21 —El‘_y;x;n ;Ln
#1%:2009.06.22
< :2009.06.29
T % :2009.07.24

4 F A1 Survey Analysis of the Absolute ) SR S
Review Tropospheric Wet Delay i~ | (SCI
#1%:2010.07.05 | Series Estimated by GPS AT~ | HY)

Network PPP Technique and B

178




Accumulated Precipitation

During Extreme Rainfalls

w2

:llll-
:|:|||I'

FtE &

. e 2sEgHF- B HRE e (PPP) » 23 8843 T4
/i%ﬁf@ﬁ”_@%ﬁg°

2. ZEBPL &R RS (WVR) BRIE T2 942 T4
K BER (ZWD) v APt F B2 PPP Y T T
1.5~1.6 cm #1775 = e $4i0 K 4 BRI R

3. RAAFTAIL 2009 £ 2E SHAE 1T B L F EAE G F %
LRI TR > B3 4 e-GPS sz G X EHILE jzut & (ZHD) -

4. Wt EH RS EET o ARk ZHD & e 2 ki ek f %
BRlEz £ 2 tmmEF% > FHIEFER RMS &) 5 £023cm o

5. & % PPP HjiF®% & A 45 EJL 2009 # 5 # A & e-GPS #b:id 4 2
BIF AL o RJZ T G 2 & 365 % PRI TR > ¥ F p AR
¥o4ziE 50 #h o BJEF & e-GPS =% § % T[4k st B(ZTD)
a2 s Bdd §F aFHAGTEL ZHD > T7 EE@ L i
ZWD % & -

6. ¢ IHFREI- BPLAFRBHIAALEEIHS > TR S
A % 2. GPS fFk foiﬁﬁ.E; v & G LERE R HE s T
FEEHEMP S BA KL UE e d WG ERT AEE
R EBEEHERRY Pl AP IR RP TR EE R A 47 2
FEEHIAGE TR

179




10.

11.

B K a4 6058 £ 02 Modified Hopfield #-7) 5 A # > &
B 2Rl P o p gk ® 2. Trimble GPSNet % it 8 e 22 4%
BB T AR 0 Flet A F B G RFadpF ko

A L RBEAENE > 0B 0 F D 14 BikPE2Z ZTD o
F B frels e-GPS E ﬁﬁmm@ﬁﬁ&wﬁ’ﬁwiﬁﬁﬁ
(RMS &)% +4.77 cm

MR SERSEHA A BRI RN E B IHRGE 14 Bk
PR N RO RN ITELIEYNE 20 cm e f EE
M mrpd 2@y ZTD 2 2 &8 » 3485 2745
Pi8L2 e-GPS E F Bl E - XK o

HrmH g P25 HRTR > a o % SBFRS Ik B
Jlﬁi-”;“ilﬁg 2B R IS AR L8 R FHMEZ T N

TEETEORARLERIZETEE S P TEFRELFL
17 RS 50% o

& B

ArH e B g BRI A B T 50 E A 2009
#:51 e-GPS PRI FTHE c A RFZERM AN NT LA LN L
Moo FaE BB A BB TR T LR o

180



2 X Rk

W

1. SIm 4P (2001) > = F B35 » B2 e o

2. /;}“ g X < (2000) > " xpp R kAL E A FRUBEE
?Jfé_lﬁ 5o Lo % %= pp 3-l16.

3. FIE% (2006)>94 & & Gk Bk F Mod g RE R 1 T %
=R N £ & L

4. ¥ & ~ixiiE (2009) 0 97 & B 3R s & SL(GNSS) LB &
FeJRFEE) R 4R 0 PpOFIRE L PP o o

502 @ (2009) > ik B 2R A RAF AL H
TR LBz EFET LG o

6. Alan, D., and Shardlow, P., (1995). The Global Positioning System as
a Passive Integrated Atmospheric Water Vapor Sensing Device,
Proceedings SPIE, Vol. 2582, pp.166-177.

7. Agterberg, F. P., (2007). Georges Matheron: Founder of spatial
statistics, Earth Sciences History, Vol. 23, no. 2, pp. 205-334.

8. Awange, J.L., and Grafarend, E.W., (2005). Solving algebraic
computational problems in geodesy and geoinformatics, New York,
Springer.

9. Black, H.D., and Eisner, A., (1984). Correcting Satellite Doppler Data
for Tropospheric Effects, Journal of Geophysical Research, Vol. 89, no.
D2, pp. 2616-2626.

10.Bevis, M., Businger, S., Herring, T.A., Rocken, C., Anthes, R.A., Ware,
R.H., (1992). GPS Meteorology: Remote sensing of Atomospheric
Water Vapor Using the Global Positioning System, Journal of
Geophysical Research, Vol. 97, no. D14, pp. 15787-15801.

11.Brocard, E., John, V. O., Buehler, S. A., Von Engeln, A., Eriksson, P.,
Kuhn T., Koenig-Langlo, G., (2006). Understanding the variability of
clear-sky outgoing long-wave radiation based on ship-based
temperature and water vapour measurements, Quarterly Journal of the
Royal Meteorological Society, Vol. 132, no. 621B, pp. 2675-2691.

12.Brunner, F.K., and Welsch, W.M., (1993). Effect of the Troposphere
on GPS Measurements, GPS World, Vol. 4, no. 1, pp. 42-51.

181



13.Businger, S., Chiswell, S.R., Ulmer, W.C., Johnson, R., (1996).
Balloons as a Lagrangian Measurement Platform for Atmospheric
Research, Journal of Geophysical Research, Vol. 101, no. D2, pp.
4363-4376.

14.Cai, C., and Gao, Y., (2007). Performance Analysis of Precise Point
Positioning Based on Combined GPS and GLONASS, ION GNSS
20" ITM, pp.858-865.

15.Chiles, J.P., and Delfiner, P., (1999). Geostatistics: Modeling Spatial
Uncertainty. Wiley Interscience.

16.Coster, A. J., Niell, A.E., Solheim, F.S., Mendes, V.B., Toor, P.C.,
Buchmann, K.P., Upham, C.A., (1996). Measurements of Precipitable
Water Vapor by GPS, Radiosondes, and a Microwave Water Vapor
Radiometer, Proceedings ION GPS-96, pp. 625-634.

17.Dach, R., Beutler, G., Bock, H., Fridez, P., Gidde, A., Hugentobler, U.,
Jaggi, A., Meindl, M., Mervart, L., Prange, L., Schaer, S., Springer, T.,
Urschl, C., and Walser, P., (2007). Bernese GPS Software Version 5.0,
Astronomical Institute, University of Bern.

18.DBAR = % # 3 F# & http://dbar.as.ntu.edu.tw/

19.De Haan, S., (2006). National/regional operational procedures of GPS
water vapour networks and greed international procedures,
Instruments and Observing Methods Report no. 92, World
Meteorological Organization, Netherlands.

20.De Smith, M. J., Goodchild, M. F. and Longley, P., (2007). Geospatial
analysis: a comprehensive guide to principles, techniques and software
tools, Matador.

21.Deutsch, C.V., and Journel, A.G., (1997). GSLIB: geostatistical
software library and user's guide, Oxford University Press.

22.Dodson, A. H., Shardlow, P.J., Hubbard, L.C.M., Elegered, G.,
Jarlemark, P.O.J., (1996). Wet tropospheric effects on precise relative
GPS height determination, Journal of Geodesy, Vol. 70, no. 4,
pp.188-202.

23.Goovaerts, P., (1997). Geostatistics for natural resources evaluation,
Oxford University Press, Inc.

182



24.Gutman, S.I., Sahm, S.R., Denjamin, S.G., Smith, T.L., (2004). GPS
water vapor observation errors, Eighth Symposium on Integrated
Observing and Assimilation Systems for Atmosphere, Oceans, and
Land Surface, Seattle, WA.

25.Hieb, M., (2003). Water vapour rules the greenhouse system.
(Downloaded from
http://www.grocraft.com/W VFossils/greenhouse data.html ).

26.Herring, T.A., (1992). Modeling atmospheric delays in the analysis of
space geodetic data, Proceedings of the Symposium on Refraction of
Transatmospheric Signals in Geodesy, Netherlands, no. 36, pp.
157-164.

27.Hidore, J.J., (1972). A Geography of the Atmosphere, 2nd edition,
Iowa, Wm. C. Brown Company Publishers.

28.Hofmann-Wellenhof, B., Lichtenegger, H., and Collins, J., (2001).
Global Positioning System: Theory and Practice, New York,
Springer-Verlag.

29.Hopfield, H.S., (1972). Tropospheric range error parameters-further
studies, Applied Physics Laboratory, Johns Hopkins University,
Baltimore, MA.

30.Ifadis, L.1., (1986). The Atmospheric Delay of Radio Waves: Modeling
the Elevation Dependence on a Global Scale, Technical Report no.
38L, Chalmers U. of Technology, G"oteburg, Sweden.

31.Janes, H.W., and Langley, R.B., (1991). Analysis of Tropospheric
Delay Prediction Models: Comparisons with Ray-tracing and
Implications for GPS Relative Positioning, Bulletin géodésique, Vol.
65, no. 3, pp.151-161.

32.Kitanidis, P. K., (1997). Introduction to Geostatistics. Cambridge
University Press.

33.Kouba, J., and Héroux, P., (2001). GPS Precise Point Positioning
Using IGS Orbit Products, GPS Solutions, Vol.5, no.2, pp.12-28.

34 Krige, D. G, (1951). A statistical approach to some mine valuation and
allied problems on the Witwatersrand, Master's thesis, University of
Witwatersrand.

183



35.Lagrange, J. L., (1760). Essai d’une nouvelle methode pour
determiner les maxima et les minima (digital version). In Miscellanea
Taurinensia, pp. 335-362. Gottinger Digitalisierungszentrum,
digitized from the 1760—1761 publication.

36.Lanyi, G., (1984). Tropospheric Delay Effects in Radio Interferometry,
The Telecommunications and Data Acquisition Progress Report, Jet
Propulsion Laboratory, Pasadena, California, Vol. 42-78, pp. 152-159.

37.Leick, A., (2004). GPS Satellite Surveying, John Wiley & Sons, Inc.

38.Li, PW., Wang, X.Y., Chen, Y.Q., and Lai, S.T., (2005). Use of GPS
singal delay for real-time atmospheric water vapor estimation and
rainfall nowcast in Hong Kong, The First International Symposium on
Cloud-prone and Rainy Areas Remotes Sensing, University of Hong
Kong, HK, China.

39.Liou, Y.A., Teng, Y.T., Van Hove, T., and Liljegren, J., (2001).
Comparison of precipitable water observations in the near tropics by
GPS, microwave radiometer, and radiosondes. J. Appl. Meteor, Vol. 40,
no. 1, pp.5-15.

40.Liou, Y.A., and Huang, C.Y., (2000). GPS observations of PW during
the passage of a typhoon, Earth Planets Space, Vol. 52, No. 10,
709-712.

41.Matheron, G., (1963). Principles of Geostatistics,” Economic Gelo.,
Vol.58, pp. 1246-1266.

42 Matlab Manual
http://www.mathworks.com/products/statistics/demos.html?file=/prod

ucts/demos/shipping/stats/wnlsdemo.html#7

43.Maybeck, P.S., (1979). Stochastic Models, Estimation, and Control,
Academic Press Inc., New York.

44 Michelsen, M.W., (1998). GPS Noise Benefits Weather Forecasting.
Earth Observation Magazine. (Download from:

http://www.eomonline.com/Common/Archives/19980oct/98oct_michae
Lhtml).
45.Misra, P., and Enge, P., (2001). Global Positioning System Signal,

Measurements, and Performance, Ganga-Jamuna Press, Lincoln, MA.

184



46.Niell, A. E., (1996). Global mapping functions for the atmosphere
delay at radio wavelengths, Journal of Geophysical Research, Vol. 101,
no. B2, pp.3227-3246.

47.Parkinson, B.W., and Spilker, Jr. J., (1996). Global Positioning System:
Theory and Applications Vol. I. American Institute of Aeronautics and
Astronautics, Washington, DC.

48.Ramirez, J. A., Trujillo, E., and Elder, K., (2007). Topographic,
Meteorologic, and Canopy Controls on the Scaling Characteristics of
the Spatial Distribution of Snow Depth Fields, Water Resources
Research, doi:10.1029/2006WR005317.

49.Richmond, A. D., (1983). Solar-Terrestrial Physics: Principles and
Theoretical Foundations, D. Reidel Publishing Company, Dordrecht,
Holland.

50.Rocken, C., Ware, R., Van Hove, T., Solheim, F., Alber, C., and
Johnson, J., (1993). Sensing Atmospheric Water Vapor with the Global
Positioning System, Geophys. Res. Lett.,, Vol. 20, no. 23, pp.
2631-2634.

51.Rocken, C., Anthes, R.A., Exner, M., Hunt, D., Sokolovskiy, S., Ware,
R., Gorbunov, M., Schreiner, W., Feng, D., Herman, B., Kuo, Y.H.,
and Zou, X., (1997). Analysis and validation of GPS/MET data in the
neutral atmosphere, Journal of Geophysical Research, Vol. 102, no.
D25, pp. 29849-29866.

52.Saastamoinen, J., (1973). Contributions to the theory of atmospheric
refraction. Part II. Refraction corrections in satellite geodesy, Bulletin
geodésique, Vol. 105, no, 1, pp. 13-34.

53.Seidel, D.J., (1995). Water vapour: distribution and trends (Download
from: http://www.wiley.co.uk/wileychi/egec/pdf/GB085-W.pdf")

54.Shen, X., and Gao, Y., (2002). Kinematics Processing Analysis of
Carrier Phase-based Precise Point Positioning, Proceedings of FIG

XXII International Congress, Washington, DC.

55.Shrestha, S.M., (2003). Investigations into the Estimation of
Tropospheric Delay and Wet Refractivity Using GPS Measurements,
Master Thesis, University of Calgary, Albert, Canada.

185



56.Skone, S., (2001). Atmospheric Effects on Satellite Navigation system,
Proc. ENGO 633 Course Lecture Notes, Calgary, Canada.

57.Schiiler, T., (2001). On Ground-based GPS Tropospheric Delay
Estimation, dissertation, Munich, Universitaet der Bundeswher.

58.S and TR (2004). Tropopause Height (Download from:
https://www.lInl.gov/str/March04/pdfs/03_04.2.pdf).

59.Tao, W., Gao, Y., Zhang, Y., (2007). Real-time Water Vapor
Sensing/Measurements with Precise Point Positioning Algorithm and
Canadian Geodetic (GPS) Network, ION GNSS 20th ITM, pp.
2890-2897.

60.Xu, GC., (2003). GPS Theory, Algorithms and Application.
Springer-Verlag berkin Heidelberg, New York.

61.Yuan, L.L., Anthes, R.A., Ware, R.H., Rocken, C., Bonner, W.D.,
Bevis, M.G., Businger, S., (1993). Sensing climate change using the

global positioning system, Journal of Geophysical Research, Vol. 98,
no. DS, pp. 14925-14937.

62.Zhang, J.H., (1999). Investigations into the Estimation of Residual
Tropospheric Delays in a GPS Network, Master Thesis, University of
Calgary, Albert, Canada.

63.Zumberge, J.F., Heflin, M.B., Jefferson, D.C., Watkins, M.M., Webb,
F.H., (1997). Precise Point Positioning For the Efficient and Robust
Analysis of GPS Data from Large Networks. Journal of Geophysical
Research, Vol. 102, no. B3, pp. 5005-5017.

186



fiig— HPFEZEER RIEIEMNERFA

iR $2ain DR I $P 47 2 PRI A

1. P8 M KT Bt B | ¢ e RERB T 2
@%?%%&J’ﬂ@&% % (P10)
T e Xh 1380 s
R AR TR v hiE
£ o

2. PO Eii- B TR 2 F | T RRERBE
A TR F%*E F
lﬂ—ﬂ’“fi*iv#\i qp

-ﬂsm-ﬂs)’? _;)J-%_

3. P17 » Tk & 8 | e HpRERB I~
?;:...J ’ "‘?3:?’\:2\:'9}3 “} ° 3: (P18)

4. P18 T+ 7 & rﬁ,iﬁﬁ | L HRERY L F
GBAER S X R | & (P20)
7 % (zenithal Integrated
Water Vapor, IWV) » & 3 %
BPp T ART B T RE
S

# TR AT o -

# Sis D E LA RD

# AR .

2 5. P2 TaffimkeTink | mpeahvn
23 B Taa ko fE| 3 (P23)

SRR TR Bt A T
59$§§82\2J—5"’
DRSS

6. P24> Tkl k2 fr- k3 547 | e B2 HB I 2
sF e, FRREET | 3 (P2S)
o FERREEY R

7. P26-27 Td ik | ¢ HRERB D
EEOREE.L - & &
P231p FEH HB T

8. P50 T4inueski &g |
ll}?hiﬁ’f—y}c_‘a 29‘3 e | T F
& > &1 P8 z:j‘!’;%ﬁ o

FRZRB T2

AEIPFANER IS ﬁﬁ@?’%ﬂ—’_
/i& JpE_ 1 iT38 P ©
' BRI TR R

25

il

Boal o~ G| R

5 e \m o

L1

187




WMEBHRENERTE

CRRAPFRAMEE

BR¥F -

A T

CIERAM LIV N E

iofz Y
BE i * enig ¢ BN 0 WVR
Fa4+E o PPP ainf A
TRERHAE (F % F
B o R FEA kR
B ® o WSO MR R A
B hfPgR* 22.50+122.5¢
Sk TAE R W
#%—ffitzi ’ ijc\aé‘:g];? ‘_!g
.k;_—_o

S A LT T AN

%

L2 8 prig * ehig
I H05% (P57~61)
2.PPP =z = # B

(P80~108)
3.WVR F 2 % §
(P135)

4. 5 FREHAE (F
£OF R )
(P148~149)

5. F 22.5°+122.5°
S & 2 45(P142)

. #\ﬁig,f‘iffu\ﬁ{,ﬂéjbif;?

F - 2 R 4T o

P EHTE A
S 7 fiE

= F
&

= st st L F
: 3??’5;/\%%&?\%;
AL T ko

~o ™

| -n..‘\,

St E W F o T
WAL E S 5
W R o

oM R e
WEIF AR
- S N L
(P147~153)

N S S I

Y EE
P ELRETMER
Mo BB EEIP A

WeEFwE LR
Q?Tﬁw%%M
%ﬁﬁ-{; v 3'—XJf o

ik 2 e
ERERMpY
LIS SR & Ty
¥ I % ¢
(P150~153) -

HIFEFREI P AT

B yRl FRREBLE o

A T

FAEY 2 L H -
Ko FERANF2FT
Fo R E N B o
HELE R o

4

C kPR

FPF

A E R LK B
EERN 2 RE EEAR S
F 7R RpL o E Rk A
17 e

© T g P ‘é ’ 7}"‘3:_';\1
Ao T iFRmTdEm

HAEL P o

SR FI g
TA kR A
7, ¢
(P147~154) -

} )‘L%’?@ %fi/’},l_ﬁé

* Bai and Feng (2003) =

;\,l}‘] i\\‘\%\ }%}“7—]"
ZERAZTRE s iEHT

f?@r—g )il/'z_]} 2}5\1 o

T TRy
g b
AIFL P G oL H
b S

cixpBLA AR
+ =¥ N

188




£ W N R

B

7,\%#4{‘ TN E

e

P %‘.1 (T35 P 3% 1

'rpxig,’rx—*o

A

. eGPS

FALLE 1 & p
272 2009 & 5 FopE
o BFIEREA 2R AN T
R S S < E

,,v_}_ ) ;%—%J; £ o

2009 # F iz B ¥ 2
Rpmpiztiigin
IR RN
S e AR 52 &
# (P138) -

EY I T T

%*wﬁfﬂﬁ%@iﬁ

FHA G PR A
HEgEFEAMREN

Yoq ,f'_a
’jtllﬁ—“.r—'%_’i y B °

rEA AL 2 RS
e ST IS R 1

Modified  Hopfield
§i S IR S T
20 A RO R
fbov FM A
44 g ¢
(P133~134) -

.%iyﬁﬁ%n\ﬁsﬁi

Tj:ﬁ_% 7
BT LHE
BZ2F B2

2z Fa

oy R

AR o7 r
v e A
FpsEg?

doriE R 2 T
Kk p 3t e-GPS xR
ST BB E T A

RS S
A g B R L
B do0 5L X
32

C W EE L
R Ao H BT
TR AT
I T35 eH
B oA+ o4 0°
(P150~154)

. P49 #+4% IGS H % & F T

@ BT p AT T g%%o

S FPRIEZRYB L
3.3(P65)

DN F R AN B R

=, > N o< B
HH=2 30— 5o —%—-J’

7 B
ERPFR S o

;‘B;J»;E;J*’ - Hp R p =
= o

BT TR

RS S Sk AT

AXAXE e 5 Y
* % EEHF T

HAE T

CAEF TR

it m Ak
FREFHIALIIT
BEokG o RETFRE
£ % BATF Ri7e-GPS k2
FRFH Ao HA
FEAY 2 RRF T
HL2 e-GPS b1t 2 ? 4ol B
FamEE o AREET
2 FUBHK -

e Bw E 4R
< ’ﬁ AT iR BT Hp
AAR 2 -

SHEF AT
R e B
£ 48R A 4550 0

5.3 & v
(P147~148) 4 15

R e 5 &
fo

YRR

DTM & 4w {7
ﬂ. FEp e

¢t g g wmop
DTM & %77 L Bl »
g?‘ﬁé’l’r ,iﬁ

C T fR e

189




4.

P9 § &I A KT 0455
Lo At L

u?"‘gi—g—ﬁ—v’é"iﬁ
ST R § et

© ikt % 5.8
& ¢ (P156~169) -

E] 2 A AN T S| A2
r o WAL G HEEL
3 5. P91 #7#% > PPP 422 ZTD | © Rz % & 1
& # WVR wiTai B4 | 3p % (P137)
5 7.51lmm # & 5 14.05mm >
R Z A RE LR
RMS - 3 i '}JI °
I ARRIEFHRE 5 ERY | HBERB LT
VAR RCOTHE R B BRAP | L RR AT AR
e 7 ‘B&%fr?é_ifwﬁ BT AN AT
SR EBEY BAYZ [ HRR AU &
ﬁﬁ%‘ﬁi:’zﬁ?;ﬂéf??i@ FrhRid BRE
ETTFH R EEE > IR | e-GPS 3 H
# o in U E R LR HF
TRRAETAH ¢ B
¥l A b 5 2 5
S Fo i ATH Y 42 &
E (P124~126) o
i 2. 2 E A 2 REBEEIN | ARTE L 2 H
% %#i?ﬁtiﬂwﬁﬂ RS 2 e 24 R
v szé)%féi/»\i_,, =oE R A 2
Boig * oo e & RAIE Modified Hopfield #i
YR Fﬁ*%&%ﬁ A F TR E R
B d TR IMBIREN R | LA Lk R
ﬁ;%iﬁu%‘*‘"l?{'{n L) A G ERE T
FEFRF RFA? AL RF RFAR M LR
b o AR A i‘mg o P AR @ e~ 3 44
& ¢ (P134) -
LA rg BHOS A F % | & %978 B afics
% WG R R QAR DA | A Y
i S o T Hiflmp F e R
[E2 B i kAT L3N (P134)
# 2.PI12 1 iR R Y idiERY | ¢ HPBEHRE LN
I B o Fig % (P14)
£ [3 PR3 HRFOAEFLE [ RBERD D
k PERYEE > e~ BFEPERY o | P14~ PIS3 2 p %

P37, > ¢ »fx T3 3 A
i'\?'J FHOATEE L p P - #

» e-GPS -

P46’§3.2.1 &% - BELRE
;rﬁ%@%ﬁéJaﬂr%
L - S N P

C R RZERIZLT
(P57)

190




‘:‘:U ’g—i'{_ﬂ_f o

P65 % 35 ¢ #r3 TGPS| ¢ # BiE K B

ﬁwtfiﬂ.@;é TGPS £4c & | | (P75)

Gl °

-;24 L5-" ¢ %MH{"!“* C R RBERZ D
i ﬂ«' é} 2735 TH P(25)

L

CP34 L7 £ TA ¢ e B Rk

o FE oo i oo (P34)

P42 V31 2 cdl RELA | KRR ER B L

B o (P42)

.P% A S (6 | @ RBRERB D
e 3 ,2009) Fiz e

.P46 L2 2R g5 | RBERB D

(P57)

. P48 > §322 "R E &

Y R N

;\‘ 5? JME —Fr'ﬂ\ ¢ U o

- Sl

EXERNE ST YK (P61)
. P93 52?9,%@%%/%@“’ Bt AR LY | C R R
Lrhrldk (RN 2 | 1-12 0 BPfae | 2 R R F L E

mjﬂ'%ﬂt EEF e 18| e b2 CHEME | BHEE-
R e S S Gy g

Foo F A LA &Y

T AR T
. P101 » 5.6 & > Step4 » ¢ ¢ 3> P46 A4 v p
e-GPS '+ 3 | QBmﬁ\ d e-GPS ztz I %
s e-GPS kT mE T B | Ad Rk 3 R
TR N S L i

S AT REEN E A

oo
TR RE A GRS gy f R[S0 09 & 3
B A E RG] X (99& 10 28 p BN |31 premaig
i

191




ik_ HIXREBEEZEERNREIEIIEIER
3ALER $aL RS Y &
A S e A Sk VIR A i A e e R
B 0 AF T
WLENWFAF - REEBICFRLIY 3R |cpmeEiigr
n o alﬁfﬂue. FER FRE (P19) -
a. P19 » ¥ F (in-situ ) ¥ F B 3 S RRE G &
( ground-based ) ° TE
b. P143 - firik T, 3 s T e
?;zj EoRU T S 0 W ¢ PRIERE I
i c. P10 %= g 53 GPS L |3 0 5 (P10) -
% BN~ 0w BRI < F Y | gt
B3 REAHTERFL 2 FTF 50 (p2s)
Fign oo
d. P25 L4 " GPS 545 % &2 3 &k 49
Mo % BN A R
v FrEHRD
. % GPS s E PWARE #rr > 2 PW A |2 033 Daf 4
BH G 3 S EEH G B oo
. P33 Niell (1996 ) pk 54 & i 44 2 430 —75 0 | & *P T4 JF A
Pep REHR O FAT LEP KRR M P o L e o
y RAPHARS » ARGRLAB TR T 0 R R T YR
g] TRt P FE 2
g P340 A 21 R 22 P2 gr s BA R Gkl | © REERD L

g Byt

3 14 #x 5 ahydro ~ bhydro ~ chydro

% awet ~ bwet ~ cwet » 11 ¥ P33 =3¢ (2.17)

2 (2.18) * g o

192




oW B Ow

>

e

4. BITRER

a. P2lrA2pl- o235 sy
JRIGPE > &S e B R (&
SRR ) o

b. P44 ig#H L9 > =53 (BIF) % - B T4
1> fj‘rﬁ"l"ﬁ? °

c. P61 L3 it~ 3 Mg
pﬁgﬂﬁwﬂhJ&$°

d. P61 L6> 54 M= 425t | 3ai% -

e. P122 » i #)k % - & L2 - T ordinary
kriging ;> & F 3~ B (Kriging) -

LA RZERIZ LT 2
F % (P123)

VR R

AEkOTH PPP 3 E A2 HH > AT R
i GPS # i & 8 i TR AN 2 7 ik o dy g
Fa PRELESEHAR - BT RFGREL
AR mARdS A RE 2 A K BT B E N B e

e R ILHHK AT B
A LEP o LR e

AE T AR R EERES
PPP #;\ Tz i@ iTa»xe A > fi—,ﬁ{?.?ﬁja

L GPSnet i 7@ T2 L £ 5@ 9

S RRIERG LT

* R RNARES - e rﬁ%ﬁﬁ‘:\h C RHPRIERG L
A ) I SRR A SRR FRe
Lee i - P F B 439 (2 FHmrH
Bz £%) #rig* 2 HizaEzd T2 | ik
ESREAPARI PR |
ARZEBRARE T oe 0 SRR B | BHE T

1 FE G & o EEH R

bl

B &

CdRE ¢ P49~ 50 2 2 NA v R FHRAR

S HBIERG L

i o
VSRR SR o X ek Pny RIS A 2L $4 51

- ilﬂiﬁ}%ﬁ_ﬁ;‘ SR LN
AL BFRERE R YR D R P TR N
Z_ GPSnet #ic§g ¢ -

193




D REET ARG LR R ORAR

A oeres F o fept N - B2 TR 22
FRTEH S EOTHR S R AZEF LY

ETHA{BRE -

e NI H- T A
L
R EE R
3ORE Y s R
g d e .

&

-~ B =%

.P176 0 AExFE 2 BTG VR T4

BALP R 2 GPS 2l - i B LT

SRR TR RS R ERE SN LR

Q—%"g-}%—‘_’\b/é’ )

S FpNE

(P176) -

P17 e E B AT ARE A AN T

BRI R RT3 E R 3 E Aol Uk

Hat amp .

CREHTE &
fe g jee s
SRR

(P180) -

CPLTS g A R R R R R ETHRE

> R TE ?4%;%!;«]-%",&@1’# » 1Y ‘N s
¥4

o

© FePRIZERG I

. P150 > % e-GPS fa 7 Bijthil? < 2b & 0 1

TIRH -

¢ PRE R K
F P %1 (P150)

. P147 > B 5.6 4 L B G| > At L L & o

C fERZER L
B ) 25 (P148)

AR T Ton @i Tad o

4 r

¢ FePRIZRE I

CARA E Y EO R A BT -

S RS R 4
PE R Y
w3

Y R R RS E ETENURE £

Raggeg (M) 2idiaitatlizyg

¢ oL

CHPRERZ L

P17 Bl 2.1 Bp m R o

© FePRIZRZ I

P18 B 23 d 2 B o Hk o

S RZERIZ L

194




5. P20-21 » §2.2 B2k 75 554

b £
2] F”J%);uo

FF%{ fgj'q‘;’vr'

C RHBIERG L

6. P40~42> B 2.16 ~2.17 2 xFFRF B { 72
2010.6.30 -

C FPRIEZRG I

7. P8O > i 3 +c ITRF2005 4L § 1 2 & 4 ¥ #
e (FHART > ERNERAP A )

oAy o

giﬁﬁ'é“}b

8. P89: 4 392 U= wif &Y &7 A Lip -

© FePRIZERY I

Y FEAARD

9. PISS » # * L %%

AN @gﬁ—i‘gﬂﬁiﬂﬁg@pa Fa F] o

B A HE AR B

A R AR
4 ¢ (P157-158) -

10.P130 > Doy 218 —221 7 7% — @b =52

@ 3 PI3] ¢
(Ff s Bh) e

11.P160-169 > ZWD ¥ & & B 5 7| Bl 2 B &)

" Wet dealy | & 3% > 31

A

CHRERL L

FLE)
HO R A e R AT R 2

B #5840 ~ GPSNet ¥ {7122 {ug =

B2 4 AR B

P o

o ik PRAE R 4
FEER PR
P144 -

195




fifx= IEAMXIEE

Time Frequency Analysis of Tropospheric Wet
delay Series Monitored by GPS Network PPP
Technique during Extreme Rainfalls

Wei-Chih Peng, Kun-Yao Peng and Kai-Wei Chiang
Department of Geomatics, National Cheng Kung University,
No. 1, University Road, Tainan 701, Taiwan
Tel: (886)6-237-0876 Fax:(886)6-237-5764

Email: p6697404@mail.ncku.edu.tw

Abstract

Typhoons are the most serious weather system that strike Taiwan
annually. They can seriously cause damages of agriculture, industry and
human casualties. Historical records show that on the average, there are
about 20 typhoons form in this area each year and among them three to
four may invade Taiwan. The economical loss could be up to 2 billion NT
dollars.

Many meteorological sensors are available for studying the patterns and
characteristics of those meteorological events. Conventional atmospheric
delay measurements are obtained by using Radiosondes and Water Vapor
Radiometer (WVR). Their accuracies are well recognized; however, the
price of these instruments is too expensive to operate in extreme weather
condition. On the other hand, GPS could work under all weather
conditions. Coster et al. compared the performance of WVR,
Radiosondes and GPS based tropospheric wet delay estimation, and the
test accuracies of GPS estimated TWD agreed with WVR and
Radiosondes. However, the spatial resolution of meteorological
instruments is too weak to monitor the weather events in the short periods.
Recently, many studies have used GPS as an alternative meteorological
sensor due to the devastating impact of global climate change. The
distributed GPS stations around the earth can serve as a near real-time
meteorological sensor network that can be used to detect those potential
threats. Continuous and well-distributed measurements of water vapor are
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of great interest for numerical weather forecasts, climate research, and
atmospheric studies.

Traditionally, Fourier Transform (FT) is used to extract meaningful
information from time series in frequency domain. It transforms the
signal into the frequency domain but loses time information. When
looking into an FT of a signal, it is impossible to know when or where a
particular event took place. Being a signal’s time-scale analysis method,
Wavelet transform (WT) is better than FT due to its high resolution
characters, good localization both in time and frequency domain and its
capacity of analyzing signal at multi-time scales. In addition, the wavelet
analysis also has the ability of finding the discontinuous characters of
signals. Usually, the WT 1is used as a tool to research the topics of
multi-time scales analysis. Therefore, this study also utilizes Continuous
Wavelet Transform (CWT) to extract meaningful information in both time
and frequency domains. It provides Multi-Resolution Analysis (MRA) to
overcome the limitations of the FT. MRA provides a superior way to
analyze non-stationary signals in comparison to FT and STFT. The CWT
can be regarded as a series of band bass filter (high pass filters) whose
centre frequency varies with the scale and sampling rates. To investigate
the characteristics of extreme rainfall triggered by typhoon, the temporal
relationships between GPS PPP estimated ZWD series and accumulated
precipitation series are investigated through cross correlation analysis.
The cross correlation function measures the dependence of the values of
one signal on another signal. Therefore, this study tries to use convolution
algorithm to look into the temporal relationship between GPS network
PPP derived ZWD and extreme rainfall triggered by typhoons. The cross
correlation analysis is applied with GPS PPP estimated ZWD series and
accumulated precipitation series collected at those sites during Typhoon
Morakot Typhoon Sinlaku to investigate their spatial and temporal
relationships. In addition, the time and frequency analysis including FFT
and CWT are applied to investigate the characteristics of extreme
rainfalls triggered by those typhoons.

This study propose novel procedures facilitate GPS network PPP derived
ZWD for investigating the characteristics of extreme rainfall triggered by
typhoons, the temporal and spatial relationships between GPS network
PPP derived ZWD and rainfall is essential. Since typhoons can move as

197



fast as 20 km/hr, a time frequency analysis tool coupled with a sensor
network that can detect the event taking place within an hour is desired
for a small island such as Taiwan. The extreme torrential rains often bring
numerous rainfalls so that causes great casualties and economical loss.

The preliminarily results by applying cross correlation analysis of GPS
PPP estimated ZWD series and accumulated precipitation series collected
at those sites during Typhoon Morakot Typhoon Sinlaku illustrate that
GPS PPP estimated ZWD series are ahead of accumulated precipitation at
those e-GPS sites by 3 to 5 hours in general cases. This time advancement
is considered critical for developing near real time warning system for
extreme rainfall triggered by typhoons. However, the consistency of this
time advancement of GPS PPP estimated ZWD series needs to be
investigated thoroughly using more measurements from more sites and
typhoons in the future.

The time and frequency analysis of GPS PPP estimated ZWD series and
accumulated precipitation series collected at those sites during Typhoon
Morakot and Typhoon Sinlaku. The FFT analysis with GPS PPP
estimated ZWD series does reveal the existence of certain relatively high
frequency responses within the scope of one hour which can not be done
through conventional meteorological sensor network. In other words, it is
able to catch sudden variation of ZWD which is strongly correlated to
accumulated precipitation series. The CWT analyses are capable of
providing the time information of the occurrence of certain event.
Generally speaking, the well-distributed e-GPS network can be
considered as supplemental meteorological sensors to monitor the
characteristics of extreme rainfall triggered by typhoon. With improved
ultra-rapid products provided by IGS in the near future, or with real-time
precise satellite orbit and clock products provided by other institutions, a
near real-time GPS network PPP based meteorological sensors can
provide useful information for developing early warning systems for
extreme rainfalls triggered meteorological events like typhoons, plum
rains, and seasonal thunderstorms in this region.

Keywords: GPS meteorology, PPP, Tropospheric delay
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Using GPS Network PPP as Meteorological Sensors in
Taiwan: Case Studies of Plum rains and Typhoon Sinlaku
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Abstract

This study aims to collect e-GPS stations and rainfall data provided by Central
Weather Bureau to investigate the patterns of typhoon and plum rains in Taiwan. The
Precise Point Positioning (PPP) technique is the proven algorithms, which attracts
many researchers from GPS related studies. Plum rains and typhoons are regarded as
important weather events in the Taiwan. Their impacts bring huge economic loss and
plentiful rainfall. They are also the important water resources to fill the reservoirs in
Taiwan. The data set applied was collected from Jun 1% 2008 to Jun 7" 2008 during
typhoon Sinlaku and from Sep 11" to Sep 17" 2008 in plum rains season. The data
processing strategy is to process e-GPS measurements with PPP technique to estimate
the zenith tropospheric delay (ZTD). The ZTD value and rainfall data are normalized.
The preliminary results show strong correspondences between the variations of ZTD
and rainfall. Many characteristics could be identified through spatial-temporal
analyses.

Keywords: Precise Point Positioning, Zenith tropospheric delay, Typhoon, Water vapor, Rainfall
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Abstract

Because of the different refractive index in each layer, the satellite signals would be
delayed while passing through troposphere. The zenith troposphere delay (ZTD) is
composed of the zenith hydrostatic delay (ZHD) which caused by the dry air and

zenith wet delay (ZWD) which caused by the water vapor. By using the empirical
model and accurate surface meteorological measurements, ZHD could be acquired
precisely. Because the quick change of water vapor, the wet delay is hard to model. The
change of ZWD reflect amount of liquid water in the atmosphere. The precipitable water
(PW) would retrieve from ZWD by multiplying a factor. Relations between the change of
PW and the occurrence of significant meteorological event such as heavy rain and
typhoon were found. During the passage of typhoon every year in Taiwan, it not only
accompanies with heavy precipitation but also causes a lot of damages. With the aid of
precise satellite orbit and clock products, using precise point positioning (PPP) would
retrieve the absolute ZTD without the reference station. In this study, the un-differenced
e-GPS observations during the passage of typhoon in 2008 in Taiwan used to estimate the
ZTD. The surface meteorological measurements at e-GPS stations were interpolated from
all the surface meteorological stations which were set by the Central Weather Bureau.
The measurements at e-GPS station level may be acquired by converting and
interpolating meteorological measurements from surface meteorological stations level.
Comparing PWV to the measurements of the precipitation at the nearest surface
meteorological site, result shows the value of PWYV increase suddenly before occurrence
of heavy rain. Also, the PWV value decreases after rain stops. The results consist with

expectations and reveal that is feasible to estimate the absolute PW by using PPP method.

KEYWORDS : Precise Point Positioning ~ Surface weather measurements interpolation ~ absolute
zenith wet delay ~ variation of precipitable water
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Analysis of the Absolute Tropospheric Wet Delay Series Estimated
by GPS Network PPP Technique and Accumulated Precipitation
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ABSTRACT

Typhoons are the most serious weather systems that strike Taiwan annually. There are
about four or five typhoons that affect Taiwan every year and bring destructive winds
and extreme rainfalls, causing serious damage to agriculture and industry, as well as
human casualties. In addition, so called plum rains are a unique climate phenomenon
that occur annually only in Eastern Asia, including Taiwan and coastal China,
because this region is located in a distinct monsoon area. This study proposes novel
procedures to facilitate Global Positioning System (GPS) network Precise Point
Positioning (PPP) derived Zenith Wet Delay (ZWD) to investigate the characteristics
of extreme rainfall triggered by typhoons and plum rains by analyzing the temporal
relationships between GPS network PPP derived ZWD and rainfall. Cross correlation
analysis is applied to analyze the GPS PPP estimated ZWD series and accumulated
precipitation series collected at several sites across the island during Typhoon
Morakot and Typhoon Sinlaku, as well as the plum rains seasons of 2008 and 2009, in

order to investigate their temporal relationships.

KEYWORDS: PPP, Extreme rainfalls, GPS meteorology.
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