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Abstract

The International GNSS Service (IGS) has been providing the most precise satellite
ephemerides and clock collection (ephemeris error <5cm, clock error <0.1ns) , even
the predicted ephemeris and clock data (ephemeris error <10cm, clock error <5ns)
available from IGS in real time are improved dramatically. It has the benefit for increasing
the accuracy of precise point positioning (PPP). The success of this technique will provide a
more flexible operation for precise positioning.

The new generation GPS satellite Block-1IR-M1 launched at Sept. 26, 2005. Up to
now, there are at least 6 operation satellites of Block-1IR-M in the sky. The new era of duel
frequencies duel codes is coming. It will improve the accuracy and reliability of satellite
positioning dramatically. Since the declaration of Initial Operation Capability (I10C) of GPS
in 1993, the anti-spoofing (AS) has come into operation. It makes trouble for precise
positioning. For overcome those problems, the special techniques of signal processing were
developed, such as, squaring technique. The navigation signals broadcast of the
Block-11R-M satellites will increase the second civilian signal L2C. It is the good news for



people who want to improve the reliability of positioning. The new civilian signals include
two carrier phase (L1 and L2) and two codes (L1C and L2C). Therefore, a linear
combination of both phases and codes observables can be organized. This combination
eliminates the effect of the ionosphere, the geometry, the clocks and the troposphere. It is
help for rapid positioning.

%fT— % GPS #% Block-lIR-M = > 2005 &# 9 * 26 p =% > 3|4 #3f3- § =

RE T b IER AR 0 P AR FIF ¥ b - A Block-1IF % L - 3F > i - &
?fr& TR ARG f o < AR A L RET R L d T RR T
EERRINE > ¥4 % P12 P2 #5 2 AS Briiese g a6 > — &4 nav g * L1 2 C/A
AOHARFRY PR AT R FE Ay TR SRR BIRE BURILHN A i
o fa ik B RIT 1Y o (L1 82 L2) =48 (LIC # L2C) jipl 2 st e & e
TR R RS R AT M e R R G E

2. GPS 2_ i3 B2

GPS | & 7 Z4* GPS f#kh #r4 b42. @ RT AE > p| 2 B0z B 7 & (3-D)
SR HE G A - AT BT (CIA S P L)L ﬁ%iﬁﬁ%ﬁﬁ%ﬂéf*
T AR S HREFLESE B U R G R Y - 5 Uk R FIE K B
AFEA RGBT RE G P EZY o R AR RTAAE R G R KB
AR Fpt o R E T N R 2SR AR B BARE SRR R
(Hofmann-Wellenhof, 2001; Leick, 2004 ; Misra, and Enge, 2001) -

T B L 0 Ap 2 RS 425 & (Hofmann-Wellenhof, etal, 2001 )
(=) mHRFEYELR > k&rf FO
Si=po +c(dt—dT)+dtrop+d|oni+ €S (1)
(=) eibdn mmp > 4250
Li= o +c(dt-dT)+dtrop-dioni+ A iN;+ € L (2)
o Y 2 T AR BRI BFE LAt U 5 AR F

BT ALK AR RA A AP CRLRIFE S AR émL Bif o mIRFEHLR| &
FRA T ES L o 232N 2 NE - Pdpfrk H¥ 55 5B T 2tk < &
BELE AR BRICRY AT 2 P B E -

SRS sl SRR SRy A S S LA era.g * Pl 2
P2EMRHBBET 7 3 d R - FENART A TENGEI B g o &7 AX
?%%’ﬁ*%wﬁﬂam+%&m£’f%%% PER s SRR E A e
TRGE;MAT? B4 S AEF > HEREFF G M RABEYN R 4™ > 23
B @ RLRAA 2 4p = (phase) B R SV, o A dTEF G0 0 B

v =% (3)



*¢ c AETP 2 kg

n, =1- 403'—;IE (4)

£¢ Ne 283 2R H =4 (3 5 #/md)
f2Hps
F » AT A(code) b ¥ B4R I £ 4r 5 Fd(group) > PR R BB ILE AT 4 5 Ny
T G

n _1+4031;IE (5)

% (4) # o~ (2)0 01 GPS fiFh UsL2 dp i BHERV, 5 -

vp:iiz___ﬁ_ﬁ_—c@+403$EJ (6)
Ny 1—403—f
f2
=AY
W=i=_JLW-(1m&¥J (7)
Ny 1+403?7

R B EEARR %’%mﬁﬂﬁﬁu%ﬁ R Y B 4ok mEIEY 2 B3
PR A AL PIFE T TR IEH S S R

§ =] vydt =] cll-40.28Nef 2 hit (8)

40 28

4 28
S=c-At-c . LNeds:,oerion (9)

FP o p=Cc-At HiFEE REA B2 e

4. =—c 40% ST ALk o ¥
a;A::—c-4028jNeds’ Al d, _ A (10)
" S N on f 2

T AT A LT B A ) o PO AR R AN @R c Y 2 T RE .
A AR R L LA el B R RIERRIE L e @A P ARR 0 R ELAR R



Hofmann-Wellenhof, etal, 2001 - ¢ (9) ;% ¥ &3 %fj;_;fé;‘:%g/@l B HBERREED
FRBID N BHFF T A E s Lok R Y A BT RS FIABLGE T R
PRELTAR R > L PEREAR T R E A DR g({%;;f@w SR RE I o AT
GPS %% BlocklIR-M = & 3 % & LIC & L2C /42 i 4 » 7* ?'r'—,ti EF S
f, =1575.42MHz ~ f, =1227. 60MH2 » FPLE RN S

A A
S=p + =Pt 77 (11)
12 f,
B {8 3N g (s 1
A A Alf2- 12 £\
Ap=p,—p, = T (1:12—1;22) = dlonl[(f_lj 1} =0.6469d,,,, (12)
2 1 2 71 2
FIob A0 S 2 T AR B A W G
diory =1.54573(p, - p,) (13)
diynp = 2.54573(p, — p5) (14)

d 3 (1) 3% BEERLER] S 4250 Y o R TARABF R ot R AR AR
e B Ap FE T‘ﬂrﬁﬁﬁ—r I FRIEHLZ A

I MAA I > RIRAT R (2) N TG M OmBREER T A e 2
*i’ﬁ% B el o iy Pﬁﬂkﬁh ERATENA .

Foobo g w GPSAMEc Rk T AT H T A2 g SR e Ap e LR
= #23% > $29% Hugentobler, et al, (2001) 7 Bernese #2;% < # ¥ 3 3| Melbourne-Wubbena
Bt A 2 fﬂwgw % L6 TA, A dgax P ogg e & Hisia g U Ap 2 A L
e E T v_ THE BB HhI -

§(2) fltdp i AN Rt o KR BRI R PR R PR St BFR R
B S PE Y2 ik Aa s U BV F R S 4p rpipl B

Tt~

Lli(ti): Lk(ti)_Lj(tj): Nkj +AN(ti)+éLlj<(ti) = Nkj +AL|J;(ti) (15)

2o o mAE o ALL(L) =AN() +oLi(t) & 7 Fajc kP E @

%mlﬂﬁ Cfs s A L1 Ly BRCRPIE B S

AL, =£f1+fA—N1+ f,Ad

c 1
yo, A
AL, ==f,+——N, + f,A0 (16)
c f,
B AREEH 018 02 Z AT UAAP R FRATRRIE B

leﬂflzﬁfl—fﬁnlm

c c .



L =FLet, =Lt A tas (17)
C C f,

F(16) (17) 2 RELA B 5 o & ik Pl B 2 F FEEY ? s LR RF O AS

SRR P L 0 N8 N 3 S aldp BRI L ik A R o # (16) (17)
B AR 15

AL -L =22 —N,
f1
ALz _Lz —zf_A_Nz
2

Bl 5
f,— f,

(AL, —AL,)— L, +L, =2A-2

—(N; =N) (18)

1°2

g0 mars 2 AL, =AL -AL, F R EapepplE o L2 N, =N, -N, 3

BRGEFAATE d T o PR BRI BRI E > T R
BRI E S R A LR £ 1% 8 AR LR E e R AR TR R R AR
BpEE i, £

d Pk o AT- %2 GPSHFE R A i R B

CBERAE

i

PR AL A Nk E R ST 4

F"} [AIPN "J%E_B_'il’x‘]’ﬁvﬁ7 f:rlrio

-\\%

2_ kB

}§

d 35 47- A2 GPSBIlockIIR-M fiFk » 3 £ 4 635 A & * 2 Fh ffck
Iom e L2C 20 #4 5p 0 Fpt A BRGEw v TR G 0 4 B iE ~ B’ GPS PR 4 =L (International
GPS Service, IGS)# 45 i Bz fc T4 Y » B 4&4c LIC & L2C ¥ » % % 237 400 B i
Bigk® o 3 FAIC » HRAC ~ KOKC » MCMC ~ NYAC ~ UNAC » 5 w0 if T o gt

%w f 5 RiNex2.11 #3% » 4Bl 1o B P XL LN & I—IF’J“J«#&“II &2 1p
Fﬁé;@ He pplFpilss 758 > A% 5 L1-L2-P2-C1-~C2~S1~82> iz
&47;_,»—51 Lz HApApiE o B¢ F 6 %A 4 L1 L2 CLl~ C2 k¥ » @ P2 Rk
3o Hehp 2 RRE NG 304y o dft B - BRI TG e BF09 1 1 0
0 0.0000000 011G21G19G 8G 3G26G18G16G27G 6G22G15 54 -+ 2009 # 1 # 1 p
0p > %3 113k Adejen] #HE Y F 6 300 > R iFh S 15 5Ly - & & 5 L2C
e 1o g # WA & @Lip =k (United States Navy Observatory, USNO)z_ F L > {738 i
# 2 GPSfirk E st L2Civ 4 4 > %3 63> # % 5 5L 17-31-12+15-29+07 >
WP oA M A GEE A B o



g = |F] =]

#+DFdf @R n HEFE '"‘Beesn Sla~A Dy BEO® A TN
= 1
B. 41 PESERVATIZN BATE & iGra| FEMEE VERSIOH [ TTRE 3
toge I00BOCtTI gpecga 20090102 0Ot FOUTCFGA / FOM FY / DATE
LubuE 3,4, 2001 Pentium IV goe =stal e | L1 | ABES DT CORRENT
BIT 3 OF LLY FLASS BATL COLLECTED IhBEF L'3 CONBITION CORRENT
AT BARFTE HARE
i EAREER HURDER
G arL CENENER / AGENCY
4414107042 TRIENLE NETRS L.1=3 004017 1) BEC @ / TTFE J WEBA
G0 748 TERIGaE#. O T OB S OTTHE
~TINIERT . TTEY 1453017, 5520 SISEETD.ETIT APFROE POSITEICH INE
0. 000 0. 0000 0 D000 ANTERSCAD DELTA W/ESH
1 1 WAVELEWITH FECT LiSd
g | L1 ™ | F2 c1 = | t 1] 5 2/ TIFER OF OBBERY
10.0000 INTERVAL
CORRERT
e B i A A e R A AT
This data 19 provided af & pubiic sexvicor by MAAASJFL. CORNENT
W warpanny §F ssprapeed of isplled regarding Fsitsnaiiny COMRENT
for uss, For furthar informstion, CORLESTE CONNENT
Pave SZtowets, MASLSJIPL s/'s 138-800 COMRENT
AB00 Cwiy Grove Brove, Pessdens Ch i@ TRl CORRENT
COMNENT
Focoed Hodule Decimmbtitn 6 1O sectls COfnENT
ENE i mappesd to FINER snn € leg waius [9-§) CORRENT
L1 & LT3 mimimeninc (rms_dWEcfE), 09, ¥) COMNENT
by 1 1 Q L=] D . OO0 ars TIAE OF FleaT Ob3
END OF NELDIR
e I B 0 Q.0000000 0 VGIIGERG BG J0JEELBG1IERI ™I €63201%
oL TEREALT STEe8 = h a8, Snid1TE At 21441887008
a0 J804 A,
<REIEI0L. 10440 =THIRE0E, I120A174E. 4704 F708750. 1904
48. 7S04
- EEIWTL . 2ERET SIAETHRE, IEBE  DIREVATR.RAEE
a2.2504
LT3N} 20040 d244R0ET, 3450 AREAROTT. 10
4. Is048
IDEMNE.PIDNT =12 II0LN4TI . O848 LISy s4nE 1474
a3.1509
LESETILO .. 4R 2E0TIWTE. LERd LIOTIRAR. 8034
S0.1504
Tl Y. iddan SAABODER. FiEY Rl Ll Ml
§0.THOS
=104801 . 45747 I443¥TI4. 0204 Pl ps AT L]
LEN-. L]
~THRCRNEY . NI040 - JI0NTITEY 5360 IOREETRL. DI
51.Ti04
Ii'blil'lﬁ EiE -1 FREELLT ML FSIELE I ENT]
51.TRO4
[Lm‘i?m TEY B =H4AE FEeaTTIE . Axl TEHATIO. 241
AR 000 e
os 3 P 0 0100000000 0 VIGIIGERG B JOIEELRGIAGETD €52I01N -
4

e ————
HRKEEE  BEF WeRNLO NN | WShooosmoear Hdv ooy ML
el | e | 2 | 8105 S Do | | ] vt Baoed -1 [P Ui (0 B =B84 oenTED TrEs

Bl- IGS i Bk FAIC 3 2009 & 17 1 p 0 prAzfLipl 742

o e O Gy o i 2 o ’\3 ERafR B ARE (1) 3 ffn
FREEH2 BRI A2 o KiEE ARG (XY Z) Btk AERL (XY, Z)
HASPEERE S ¢

2

s?=(xs =X, f+lro-v.f+(zo-2Y
~o (1)
S!—cat, = p'+3pl, + ply, +cdt! (19)
Y AR YL 5123,
(19) NP R RS L S A B A TN R R4 B
2 0Fh o o R 2 R IREEEELRC AR50 > - (19) .rz%»ﬁ BB KB
a‘iﬂiii’;.iﬁriufg_.gi?z’zﬁgw\ Wi (Xo-Yo-Zo) #2(6X6Y,62) 0 &%

(X=X, )/ pd =1
(VI =Y, )l pd =m’ (20)
(Xj_xo)/po- =n



BRI AESNRELERT S - W

_pé_ _ll m* n' —1__5)(_ _pl—l_é‘pitn +§ptlrop _Cétl_
pg 12 m? n? -1 5y p2+5piin +5pt2rop _Cétz
- = 21
po| [P min® —1)02| | p®+8pg, + e, —CA’ ()
ps ] L1 mEnt 1] ] ot gl 4l —catt
T?'}:
1t m! nt -1 | 5K
1> m* n* -1 &
= K é)( = b
A 1°mn® -1 oL
I m* n* -1 a

Lj = pj +5pign +5ptf’op —Cét—poj

L= 2 e
A (21) AP HRE AX+L =0
Gpdol 2 kT L TR o A vl
Vi = ASX + L, (22)
(AT A) (L) (23)

P PFoAe i\ IL AN G (- ) FhERfikamas (-2 ) H
ok (=) T4k sz (Abdel-Salam, 2005) o - ffrh H Bhw i pF4B AL VK 5 AT
Boo Wi BT N RGHR SN MG o DT A il o Ao H
#g L1C » P — s * gé»;—zr W g P ik B eh a%ﬁ% HoA 4 Tt o FE $f BEROAE
Ao RIF ALY (13) & (14) 7 R ALK ATHFEL

dot s et e R ik Fijce 3g FE > R EIRA GPS Fh 2% 2 7
G MAEE REAR R AR R MAEE Rl Y & (13) 35
F BB R > Bl (19)e FlPt > A2y R @ T 250

W,

1. 7 @& * L2C pLip| &34 5 o
2. 2 ¢ L2C P& > e i@ * Gk e #5040 Klobuchar & & #5582k o
3. M L2C 2 LICEPIE B T &k B & & - il B HEEH o

B ArT &



IGS it gzt 7 LIC w2 L2Cpipl bz H g e Bk TioE £ 8¢ 354 4

Hi»:ox
Tpag L ¢ 2y ¥
dr | ig e -
(i 27 37 1 2 3
E | 0.069 0.081 0.063 o o
4| 1.484 |1.487|1.479
FAIC 2718 [N | -0.074 | -0.087 | -0.072
@4 | 2512 | 2563 |2.504
h| 1.566 1.650 1.480
E| -0.960 | -0.937 | -0.911 e
w4 | 1512 |1.492|1.407
HRAC 2880 [N | 0.292 0.290 0.295
AL | 2456 |2.431|2.426
h| 1.213 0.987 1.207
E | 0.833 0.795 0.073 .
-4 | 2485 |2.463|2.467
KOKC 2601 [N | -0.223 | -0.261 | -0.102
A | 4266 |4.248 | 4.243
h| 1.152 0.768 1.146
E|-0.183 | -0.129 | -0.182 N
4| 1.166 |1.172]1.151
MCMC | 2880 |N| -0.230 | -0.232 | -0.225
@A | 2949 |3.010(2.889
h| 2179 -1.505 2.113
E | 0.393 0.317 0.301 e
w24 | 2.233 [2.1912.208
NYAC 2840 [N | -1.310 | -1.255 | -1.218
x| 4470 |4.475|4.405
h|-2817 | -2.798 | -2.803
E| -0.195 | -0.178 | -0.190 .
¥2 | 1.484 |1.507 | 1.479
UNAC 2850 [N | -0.936 | -0.942 | -0.928
@A | 2512 | 2563 |2.498
h| 1.230 1.650 1.480
- R T R BAARLFEE TR ARTSEZ L o
ool A L2C R E o
Pz A R L2C Rl E 0 fe etk 4T £ 1 Klobuchar 3tk #1550 s o
sru ol RS L2C 2 LIC ppl B L@ T D e
d PR RR2Z BRTHEEe wE2Z Lo AT - 2% AR RS G )
Mz O R E-BEETTHAET BB ARZAET AL G T T oM
BB AL o T3 E T Flécde » L2ZCEPIE A BHAERKRT RId 2PN L8z i
o0 A BT S o AT G fAARS o d 2Y I (T GPSBlocklIR-M k> 1 5 5 6
oM E G INAPFETARCI- FEARE M AL o Tt iy T“'F%’ Ry




SUA B - L2C T~ 0 MR R BB HA O BRI T A A A

LR LR i

AR R B G Y AR A BT R AEE T AT R SR
AR FZ T RZERTE VR FE AT E O FERY TR AT HER

1. =T Ak 4ot 2 V3 d o
2. MR ATE AR ZIER o
3. ExpxmpplE2 IGS T AF o

SRS R A N LN R AT X2 A 1
3R] » L F >t GPS BlocklIR-M 22 BlocklIF # A1 % & » £ ik 2 & iciichf 37
PR RN RRMAEFAMA T AP R R b v AT
—ifmpmﬂ‘—f‘?ﬂ-a f238 2 Egﬁiﬁl‘éé“:‘ I = A _Ejz;:lﬁig,ﬂl ea I—Lé\ T i
[ IZANEN /%,&Lg\'% o

13\

I~FTvR

Abdel-Salam, M.A. (2005). Precise Point Positioning Using Un-differenced Code and
Carrier Phase Observation, UCGE Report 20229, Ph.D. Thesis, Department of
Geomatics Engineering, University of Calgary, Canada.

Hofmann-Wellenhof, B., Lichtenegger, H. and Collins, J. (2001). “Global Positioning
System, Theory and Practice”, 5"ed. Springer Verlag.Wien.

Hugentobler, S., Schaer, S., Fridez, P. (edited) (2001). “Bernese GPS Software Version 4.2”,
Astronomical Institute, University of Berne.

Leick, A. (2004). “GPS Satellite Surveying”. 3"ed., John Wiley&Sons, New York.

Misra, P. and Enge, P. (2001). “Global Positioning System - Signals, Measurement, and
Performance”, Ganga-Jamuna Press, MIT.



