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GPS #3 /4 E(Observable)oll o2 & I Q&4

% A4

SAulolEr 28

N

GPS(Global Positioning System)oll 2% X AAL Algorithm ojY} IS A £
(Observable)®] A€o we} ToFst WHHER o]F oA Utk GPS & 2§ RofolA
SFEHE 2310 o) et HAT B YE3 Algorithm ©] HEYHo]A of B
o E#F<QA GPS ol & Wo] N FHolFH 4 Utk WA o] $& HololA o]
453 9+ GPS Algorithm ©] A€ Holow, Z+ #F JEo SR A+ A3
WA A3 GA A Holok

1. GPS Signal 9] #+X

BE GPS 42 RE 4 =HolA+ Signal & L-band Signal & 7]¥ FI+
1023 MHz 2 ¥¥ #HZE "ol L1, L2 carrier = 7]18 30 154, 120 v+ 2 427
157542 MHz, 1227.60 MHz ©lt}. P-code 2] Chipping Rate & 7|8 Fil49 72
10.23 MHz ©}9, C/A-code 2] Chipping Rate = P-code €] 1/10 ¢! 1.023 MHz °lt}. 9
4] Ephemeris, GPS time 52 FR7} X35 o] 2+ Navigation Message © L1, L2
carrier 9141 50 bps 2] Chipping Rate & WX HojXt},

L1 CARRIER 1575.42 MHz
-+ L1SIGNAL

C/A CODE 1.023MHz

JUUrLmn AR ANy wne

NAV/SYSTEM DATA S0 Hz

P-CODE 10.023 MHz

IRNALLA Wi
L2 CARRIER 1227.6 MHz
A —> L2SIGNAL
GPS SATELLITE SIGNALS

P HOANA 0952
el

1% 1: GPS Signals
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SUBFRAMEK — ONE SUBFRAME = 300 BITS, § SECONDS —|

1 ITLM ] HOW] 5V CLOCK CORRECTION DATA l T
ONE

2 |mm |now | sv epHewmeris DATA (1) DATA
3 [nm [now] svepnemeris oata gy | FRAME
25 PAGES OF SUBFRAME 0 AND 5 = 12.5 MINUTES ™
4 I'n.m [ now [ OTHER DATA (IONO, UTC, ETC} 7 1500 BITS,
30 SECONDS|

s  [mm [wow|amanac pararoraLsvs | |

K—  ONEWORD = 30 BITS, 24 DATA, 6 PARITY —
I 2-BIT PREAMBLE ] DATA [ mzmrJ

M
TELEMETRY WORD

HOW
HANDOVER WORD

GPS NAVIGATION DATA FORMAT

PHOANA 10152

78T OFWEEK | DATA | paRmY|

¥ 2: GPS Navigation Message Format

L1 Carrier Phase: C/A-code, P(Y)-code & HE| ¥H=

L2 Carrier Phase: P(Y)-code & FE HX

L3 Combination : °]- 23l 2%t AAE& AAs7] 1% L1, L22] 7 (lonosphere-
free combination)

L4 Signal ¥A AY £ AUL Signal NRC committee #<H

SA (Selective Availability): SA &= Z2]% 2% GPS Signal & FEE & X3 3}7] 9%
Z© 2 Ephemeris Data (SA-epsilon) £} Satellite Clock Data (SA-dither) &} X&& 53
ojFolZct SAE 1990 3 ¥ 25U FE EE Block I1 14 HE = sA
o] oJF FE¥T o Y4+ A Z3( Relative Positioning) - DGPS 7ol 2]sl
EHoE AMAGL

AS (Anti-Spoofing): FAFS A 2] P-code & HY AULE FE A37] A%t o
%3 Agle 7ide ge

2.GPS #SHA4Y
2.1 Pseudorange

GPS 1Al A AWA=o] H4E PRN (Pseudo Random Noise) code & 417114 &
Q% PRN code & A5 1422 He] 4417 (Aelh) 7HA) Signal o H4:Al
e ¥ 5 Uk Pseudorange £ © WEANLE BH P37 A"E T,
4 pot #4071 k Y FFPAHALS A1) I AT C/Acode #+ Pcode
Pseudorange 2] #& A X & W& Chip Length 9] 1/100 & Z}Z} 3M,30CM ©jt}.
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P’ (t)= p,‘:(t)—C(dtk —dt?) +I:,P(tk) + TP (t,) )
+d,p (1) +dip (4 ) +dR(t,) +ep

pﬁ(t):,/(uv —u )+ (VP -V )+ (WP -w,)? @)

PP(t) : BSH ATt 9 Pseudorange HE Tk
pR(t)y : A pot £47] k 7Y ZEEHE Az
(u?,v*,wP),(u,,v,,w,): 4 pot 47 k & 3XY FE

c 4 &%
dar  : SI4 AA ext
dt, : F#A7 AA 23
0, :ol&3ol 2% A (lonospheric Delay)
iy : HajFol 2% A A (Tropospheric Delay)
d,, : 7417] Hardware Code Delay
d? : 914 Hardware Code Delay
d),  :Multipath
€p : Pseudorange &% Noise
2.2 Carrier Phase

Carrier Phase © 418 14 ¢] Carrier Signal 2] 9]/ (Phase)® F417]oll W& 5o
Q& Oscillator Signal & $14H2] o] 42 A BSHY. Carrier Phase & &
2%+ Ug L1, L2 3319 CM, 23 CM)2] 1/100  Pseudorange 2] #5 J= 9}
2 xolE xolx At I, A3 £47] e JEEE AH=E ulsis
Carrier Phase ¥& WA 4-& F437) M 4@3)H Zol vl H4ul] Carrier
4 (Integer Ambiguity, N2)& EF 3todof §tt}h. &, Carrier Phase #5 & ©]-83}
o YXNE AA%] AdME T BS54 EFH Integer Ambiguity & T3}
of ¥t}

or(t) = £pz(t) —f(dt, —dt?)+Nj(l) +I:'¢(tk) + £Tlf(tk)
c c 3)

+d, (1) +d] () +do(t) +e,

@P(t) : BHATE t 9 Carrier Phase #53t
f L2 ¢
N : Integer Ambiguity

g, :ol&%el 2% @5 (lonospheric Advance)
d,, : %%7] Hardware Carrier Delay
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a? : 918 Hardware Carrier Delay

di, : Multipath

€ : Pseudorange &% Noise
23 o]% F34 A% XY ¥ Pseudorange Smoothing
0] 2% F3}(lonospheric Effectys F34 %4 F(frequency-dependent)?] 2 &, o]F

F9}4 P-code Pseudorange ¥ Carrier Phase & ‘57‘94 Ay 2l g H@), &
Zol AA HjF & Utk

£} f 2
Pf,m(f)—f fz pkl() f2 sz(t)
. S, (t)--f-i L (0) 4
Sa-g7e P T
= pp(t) —cdt, +cdt® + TP (t)
P’  :Ionosphere-free Pseudorange combination
2
ff,
(pﬁ,u:(t) f fz (Pkl( ) f _fz (sz(t)
(%)
f, £} » f.f,
=—pk(t) f,dt, +£,dt? +——— Nk,()—- NP, (D+T ()
fi - ~f;
@b  :Ionosphere-free carrier phase combmatlon

=3 o] W4 Pcode FELE BE A6 T FeiY MY ¥l o
P-code Pseudorange ¢} Multipath & Noise & o 30%H T T4 AZ + A 4(6)
I e ez A 2" BSHE PP, (1) E Frequency-Weighted Pseudorange 2}
gt

P (1) = —1—P2,(0) +

fz
PP (t
f,+f, © f +f, 2 ()

= pP () +pP (1)dt, +cdt, —cdt? + T (1) + tf‘—’I,':‘,,, t)

2

+

f, f.
dab, + —2 _(d*
£ +f, (dip +eEp)+ f+1, (dfp; +Ep2) | ©

Pseudorange 2] Noise 2+ Multipath & EHH o2 ZH: A)7]7] 9% =& HH2
B2 % Carrier Range & ©o]-83to] 94| #5¥ Pseudorange & Smoothing 3= 71'H
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ojt}. o] 7% Carrier Range & 01-8-3]'13‘]3}5 Integer Ambiguity & 3171 9%+ &7
3} o] We gl

By (1) =wPP(t,)+(1-wW)[P (t, )+ @} (1) - PL (1) )
Br(t) : Epoch t;2] Smoothed Pseudorange
Pt :Epoch t;_, 2] Smoothed Pseudorange
w : Smoothing Weight
DL (t,) : Epoch t;2] Carrier Range
Do (t;,) :Epoch t,_, 2] Carrier Range

27yl ©J§ Pseudorange Smoothing 71 ©|¥ FI+E EE TY Fi4 BS
olx H4" 4 Y| W&ol FY DGPS [WADGPS(Wide Area Differential GPS)] &
o] g} o]&=x Ut

3.GPS 7|¥

3.1 Navigation Solution (Pseudorange Point Positioning)

Station k
% 1: GPS Navigation Solution (Point Positioning)

ge ALE ¢ FsE GPS 8014 Pseudorange & o183t 7HEA uviAH
2] SIXE & 4 Utk Satellite Ephemerisi Be 949 3xd FuIt Fold
o, Pseudorange W2 WAL £ nA¥MeE A4 Y £4719 AALAL, vlA
Mol HE, o]le3 ¢ HalFol oFt 23 5 oItk AH 9 AALXE Navigation
Message Subframe 1] ¥ Hol U, 0|23 % HelFeol AT ex&= 417
NAL o) uls] AL golm2 W HEo AXE ZAAsy] 1% Solution ol A
= ZA"EG o] AL 4709 uAHESL (£417] AALAL ujAHe 3 Y FHE)
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o] gdAl =, o] 470 uAMLE FEr] At 4709 4w RE
Pseudorange &5& F3 4(8)-(11)% IdH Wy 4eol FHHH A(8)-(11)E <)&3}
o o)X 2] EFPHE 3= WHL Navigation Solution o]} Fe}.

P = (' —u)? + (v = v)? + (W' —w,)? +cdt, ®)
P2 = \J(u? —u )t + (v} = v, ) + (W —w,)? +cdt, ©
P} = (0 —u )+ (VP = v )t + (WP —w,)? +cdt, (10)
P = J(u"— u )+ (v =v )+ (W -w,)? +edt, an

Navigation Solution ® 18] GPS 7I'H& o|83}lo HXNZAFE & o X L3}
9% 4FL nAE= 4% 949 715 wiXE € + Yok F, oW §F
b A7 14 2] 71818 wix]ef s FF =R 4 v o] fH st
&2 wixE A4E JEhd A& DOP (Dilution of Precision)eh 310, $1x]Q £ 0] u}
2 953t Zo] EREch

VDOP : Vertical Dilution of Precision
HDOP : Horizontal Dilution of Precision
PDOP : Position Dilution of Precision
TDOP : Time Dilution of Precision
GDOP : Geometric Dilution of Precision
RDOP : Relative Dilution of Precision

E3h o]2F 239 SA &) EA ol 7ol we} Navigation Solution & ¥ &xol ¥
FFL ulxu], 22+ o] L4 E o FF| ulE Navigation Solution 9| &}
£ wjzsx ok

100 .
30 |
80 J
70 4 @High
60 4 il Average
50 4 OLow
40 .
30 4
10 J
0 . i - e
SAon SA of¥ SA off + L4

3% 2:SA & o] 259 ol =& Navigation Solution 2] X2 2}
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3.2 Pseudorange (Code) Differential Positioning

DIFFERENTIAL GPS POSITIONING

ey

KNOWN POSITION CORRECTED POSITION

P HDANA /52

2% 3: GPS Pseudorange Differential Positioning

Real-Time ¥ Post-Processing & ©]8% $12) Z3olA Ephemeris, SA, °12%, H#g
2 Sof o5t o3 5 & Hog AA3L7| $13td Differential Positioning 71'H
o] o] &5 Utk 7IAHF} nAHo] A U W (2F 100KM °lH), T4
o Pseudorange & 31 F Hel TEgol 47 22 ¥ i 8480 X
$slo] ATk of B £ HY BEYY el A LAE AAFE: WL
Differential Positioning ©l2+ ¥t} 53], Real-Time ol ©]& %-83}7] #1344 Data
Link 9} Data®] 2% Formatg 482E 3%t} Pseudorange € ©|8T Real-Time
Differential Positioning Z1¥ ol 712l A 2 X8 % ¥ (Differential Correction)<
A45te] Data Link & 53 ool H4sE: 7IHE ol&3tn Yok oA
Differential 71'1 & 2% %} DGPS(Differential GPS)gt ¥rch. Zhzhel o3 &0l
T 1ol HeizlE uigl ol %3 HUL HF Pseudorange SHHSFH DGPS
o3k Xt AHog Aol Holx A

a2y, 71" A Fo] FA(100 KM o})el A= ZFllE Differential 7]
Woll o3 $14 Ephemeris, SA, ©123 ¥ HF Toll % 22 HE2& anzxe
2 AAY 4 gt 2822, YA Differential Positioning olA& deFol 2
D20} $5H Model o) &3, o}222] WE oA olF Futgy Vol 23
ztzt AAHS A 4 At Y Fo4 FZY 7 $ Navigation Message & W55
r o)e2o) g% LARALYE 08T 4 You, o] B o]xF A¥ 2AE
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oF 50% BT AAYE &+ A

E 1:GPS & A&} xlgF

X e 5Y #& 23 [DGPS S 23
(100KM ©Jdy |
SV Clock IM
SV Ephemeris 1M
SA 10M
s 1M
o] &% 10M
Pseudorange Noise IM 1M
Receiver Noise 1M 1M
Multipath 0.5M 05M
RMS Error 1I5M 1.6 M
9 %122+ (PDOP=4.0) 60 M 6 M

3.3 Carrier Differential Positioning

ORBIT PATH

r— i
REMOCTE 1 REFERENCE
RECEIVER RECEIVER

Remote Position = Reference Position + Difference in Cycles

GPS CARRIER PHASE POSITIONING

Potor H. Cana 172085

1% 4: GPS Carrier Differential Positioning
Carrier Phase #&gt2 I AEEE U5t Static Y Kinematic S8 g2l ol &

HI doh GPS £%7] Mool H &St Integer Ambiguity & T3oF 3= HAR
+ W&ol &% § Post-processing 8ol FE o]§ HUeH, VA= Ambiguity
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Resolution 7|§ 2] g /BUE ¥ 59 Real-Time $&0l%E da] o845 n
o HE¥xo] FFS vlAE o ik YL AASHY] AS Differencing B
7ol o] g8t R 7=E F¥X ol wa} Single, Double ¥ Triple Difference 4]
o] o] =™ olo g i T4 A E 29} U

X 2: Differencing ol @& 23} MA 9 ¢4 &3

Differencing &% 7| LA+ AA a Zx
Single Difference A8 AAILA o] ¥ HYF
o] 2%t e X}
Double Difference F417] AALA (914 Ephemeris,
SA o 2%t @3t
Triple Difference A4 9 471 (ZH = Baseline)
A A 2 =}

3.4 Ambiguity Resolution On-The-Fly (OTF)

Carrier Phase & Kinematic %ol o] £3}7] 9% AH FolAd 718 8% AAH2
2L 3ET Integer Ambiguity & WA F3= Holth Antenna Swap, Pseudo-
Kinematic, Stop and Go Kinematic 5 #A 28] HHEL HAFI Real-Time off <-&3}
7] 72 & Z1HE oldth HIZole Ruh mhE Aol Integer Ambiguity S 73}
o] Carrier Phase ¥%-& Post-Processing 3} Real-Time o] Rt} ZFHSEA o] & 4
A+ ZIHEo] Y =HAG oleF 7'HE Z3 3l Ambiguity Resolution On-
The-Fly (OTF)g} 30, &3 & tE 2 Ambiguity Resolution 7|'H-& H|Z 3+ Ho|t}

I 3: Ambiguity Resolution ¥ &

Ambiguity Function [Fast Ambiguity Least Squares
U E Method (AFM) Resolution Approach |Ambiguity Search
(FARA) Technique (LSAST)

Initial Solution  [Pseudorange Solution |Carrier Float Solution |Pseudorange Solution
Search Domain  [Test Points Ambiguity Sets Ambiguity Sets
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4. GPS EZ Data

DGPS £ ¢4 ol Radio Beacon 53 Z2 U¥%t Data link & ©|-8317] wfj&]
Data Message 2] E&3E HQE %t} £3], Real-Time $&°l4 E&E Data Format
o] "o A wlFol vl RTCM-SC104 (Radio Technical Commission for Maritime
Services Special Committee 104)& Real-Time DGPS ©fl o] &= £ Q& g3t §
eje] EF3}¥ Data Format & AAFFch ol v]£3 PR ul=F RTCA (Radio
Technical Commission) for Aviation)olE E-F3} ¥ Data Format & A A3l AF
T, §F7] ol3E T o]§ Eofol o]84HI Ut =¥ vl NMEA (National
Marine Electronics Association) o4& NMEA-0183 E& Format & A3t € 7]
2 4417 7+ Data 8L 715 stz Yt

e} 7129 44712 FE dojZ GPS Data & Post-processing ol ©]-8317] A
HEZ Format< o]£3x o, VA oj&=3T QU+t EE Format & RINEX
(Receiver INdependent EXchange) format &2 ASCII File FEIZ =o] Ut} &8 &
Hz BE Lo gt o2 Fel(Type)E €FEH At

5.GPS 7]&% (Networks)
GPS 7|1&%WS A HAAIHLE M, 9= J+ 9 400 72 GPS 7€ &
sty gool, oF 1400 7He] GPS ZIEHo] Hx R 4 AY ZFo Atk GPS
Zlewe Y, FAE5F, GIS 5 o8] 71x] FFHLoE olfHY Qo L=
243 g Mgolch

4 BA ¥ Fo)AY A8 FL GPs €A T

7N1&Yd d JEH = | AYFA 7EH &
AY 71EF (RBER) 70 360
27} 71EY GEBN) 250 875
39 J1&% (AAA) 75 125

27 395 1360

ZA 1755

6. GPS VZ4 L3 AL}

GPS S1x ZAAol YA BESEEL] UYL R EHY ANPE J5& 93 GPS
71He] ¥z vjEe] tids] $aslth 25+ GPS 71 BF JE Ao o}



E5:GPS 71 E BFAEE T AL

GPS 7Y AxLA | LI L1 L1 L2 L2
. C/A-code| P-code | Carrier | P-code { Y-code
SPS Navigation 100 M X
SPS Differential (> 30 KM) 10M X
SPS Differential (<30 KM) 1M X
PPS Navigation 10M X X X
AS Navigation 10M X X X X X
L1 Carrier Phase Survey 0.1M X X
L1 L2 Carrier Phase Survey | 0.01 M X X X X

A

n}#
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