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(THE GLOBAL POSITIONING SYSTEM)
(TRANSIT)
di
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55° 20,200
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Leick (1990) 24
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(DOPPLER)
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2.2
MHZ.
C/IA
L1 L2
P
2.3
PHASE
231
3
3

19

L1

10.23 MHZ.

FUNDAVENTAL

10.23 M

X 154

X 10

2.3

PSEUDO RANGE

2
L2 1227.60 MHZ.
2 C/A
1.023 MHZ. 300
30 CIA
ul0
\"
1 C/A CODE P-CODE
1575 4? 1.023 M 10.23 M
MHz
L2 P-CODE
1227.60 10.23 M
MHz
SATHLITE MESSAGE
, 2
PSEUDO RANGE

(2531)

1574.42
24

P ( 2.3)

PSEUDO RANGE

2.4)



11,000 MILES

TWO MEASUERMENTS PUT US
SOME WHERE ON THIS CIRECLE

THREE MEASUREVENTS PUTS US
AT ONE OF TWO POINTS

2.4 PSEUDO RANGE

) C/IA

PSEUDO RANGE

PSEUDO RANGE

10



100

2.3.2 PHASE
PHASE SHIFT
( 2.5) PHASE SHIFT
1 1 19
24 . PHASE
PSEUDO RANGE PHASE

EPOCH (0) EPOCH (1}

AMBIGUITY

AMBIGUITY

COUNTED CYCLES
PHASE MEAST.

RECEIVER

PHASE MEAST.

g1l 2.5 MsfidnAnaiaNsaedsdn PHASE
PHASE
AMBIGUITY

AMBIGUITY

Leick (1990) PHASE
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(™

cp(t) = PHASE

t

(k) = PHASE

= (p® — N kO + Olse

= CARRIER PHASE CYCLES

N p@ = INTEGER AMBIGUITY

k

noise =

c>p(t)

cp(®)

0)p(t)

#

= (pt—X)

= PHASE

TAYLOR

= Pp) —4>P(t) -X + -cH"p) ¥

@p = T =P _
dt
fp = f
2.3 3
Op® = chp®) —f-T
2.4 21

= @P(t)-f-X -(|) k@) + N B@D + noise

10

21

2.2

2.3

2.4

2.5

2.6



pp® = k P t
C =
2.6 25
0RO NN )] () F i — (k@® + N k(@ " noise 2.7
Pk = [(Xp— xk)2+ (yp— yk)2+ (zp— Zk)2]2 2.8
Xp,yp.Zp P
Xk, yk,Zk k
2.7 2.8
N k@
(ABSOLUTE POSITIONING)
(RELATIVE POSITIONING)
2.4 (RELATIVE POSITIONING)
2
(REMOTE)

(CONTROL)

2.6
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' (BASE
UNE) 2
2.6
A B
A B A" B’ - AB A"B"
A
A'n A B B
2.5
PHASE
1 AMBIGUITY Lick (1990)
251 (SINGLE DIFFERENCE)
(BETWEEN RECIEVERS) 2.7

k P PHASE k

STATION k STATION m

2.7



"o =

~nomo=

252

Al -
Ailn =

a(t)-------- p q(t) — k() + Nk(1) + noise

(DA () ---p A (t)-()m@® + Nm (D + noise

(Fe(t)-c|>=> 1~
PHASE k

2.8 29 2.10
e[pfw - P'11- [£>(1)- <emitl]] + NJIm+ noise

= N f(D -N p()

2.12 @) ® PHASE

(DOUBLE DIFFERENCE)

2.8

X R

AN\ AN

STATION k STATION m

13

2.13



211 2.12
4C = -~ -[{Pfltl- P '( }- {PK(fl- p >}] + N C + noise
NC c= NL-NSC
2.14 1]
PHASE t
2.5.3 (TRIPLE DIFFERENCE)
k P
t+1
ﬁ# p
gy

STATION k

71l 2.9 nMswAENIATITIAN

AE(t+i)-AC(t)

<
(@]
1l

2.14 2.15

14

2.14

2.9



Vi, = -~ [{Pi(t+ D- P" It+ 1)}- {p?2(t+ - p > + 1)}-

+ {p~ftl — p~(t)}] + noise

2.15 Nkm
2.16
2.6
2
Z1
HOWR
CRQE N
oFm\h
3 X
UNE OF APSIDES
f
M Y1
* o CELESTIAL EQUATOR
Q 1
ASCENDING NODE
X1 10 vernaL EQuiNox
2.10
a =
e = ECCENTRICITY

Q = RIGHT ASCENSION OF ASCENDING NODE
i = ORBITAL INCLINATION
(DZ ARGUMENT OF PERIGEE

T = PERIGEE PASSAGE TIME

{p»(« -

15

prlt)}

2.16



KEPLERIAN ELEMENTS

2.6.1
ELEMENTS 6 a,e,£2,i,CO T 5
T
ELEMENT 6
X PERIGEE y
Xy Z=0 211
] ™
X
MATRIX Vi & y
z 0
b SATELLITE
£ f 1
7‘ EARTH
a
211
a =
b =
e2 = (a2-b2)-j-a2

f = TRUE ANOMALY

E = ECCENTRIC ANOMALY

X,y

z

16

2.10

KEPLRIAN

KEPERIA



i)

2.6.2 STATE VECTOR X,Y,zZ, X Y ,I
STATE VECTOR EARTH FIXED COORDINATE SYSTEM INERTIAL COORDINATE
SYSTEM
EARTH
FIXED COORDINATE SYSTEM , EARTH
FIXED COORDINATE SYSTEM INERTIAL COORDINATE SYSTEM
2.7 INERTIAL COORDINATE SYSTEM
(X1,Y1,21 2.10)
(GEOCENTER) z
X (CELESTIAL EQUATOR) z X
VERNAL EQUINOX Y X, 72
RIGHT ASCENSION 6 INERTIAL
COORDINATE SYSTEM ROTATION MATRIX Z (R3) (o ,
X (R1) (D Z (R3) (-Q)
X1 X
Y1 =  R3(-Q) -RKi) *R3(-CO) - y 2.17
z1 0
X1 X
Y1 = Ry 2.18
pal 0
X1,Y1,71 = INERTIAL COORDINATE SYSTEM
X,y =
R1(0) = ROTATION MATRIX X 0
R3(0) = ROTATION MATRIX z 0

R = ROTATION MATRIX
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INERTIAL COORDINATE SYSTEM EARTH

FIXED COORDINATE SYSTEM

EARTH FIXED COORDINATE SYSTEM

2.8
21, 2,
/fi\\
/ / ks
[
[ ‘
. / \ A
AT
X147, Y1
TO VERNAL EQUINOX
XG
TO GREENWICH
2.12 EARTH FIXED INERTIAL COORDINATE SYSTEM
3
(Xa .Yq ,Zq) (GEO-CENTER) v4
X Z
X GREENWICH f Y X1 Z
LONGITUDE 90°
INERTIAL COORDINATE SYSTEM EARTH FIXED
COORDINATE SYSTEM ROTATION MATRIX z (R3) (GAST) 2.12

XG X

- = R3IGAST)- VY1

il a

Xq,Y(3 Zq

EARTH FIX COORDINATE SYSTEM



GEODETIC UNIVERSAL
TRANSVERSE MERCATOR (UTM)
2.9 GEODETIC COORDINATE SYSTEM
LATITUDE {8)
LONGITUDE (k) 2
GREENWICH
ELLIPSOIDAL HEIGHT (h)
( 2.13)
s
A W{RRAW
V) \ )
“// \ X"~ GEOID
REFERENCE
\o [ELLIPSOID
Yo
2.13 GEODETIC COORDINATE SYSTEM
Torge (1980) EARTH FIX COORDINATE SYSTEM
GEODETIC COORDINATE SYSTEM 2.20 - 2.25 2
291 4>, X h
XG = (N + h) ecos d) *cos k 2.20
YG (N +h) ecos () *sin k 221
7G (N-(1-e2) + h)-sin(j) 2.22
Xg 1Yq Zqg
tan k — V XG 2.23
tan ) = ZG-(1-e2-£& r'/(X B+YQ@) 2.24
h = (Xaga+ Y@ [/ cos (]))-N 2.25
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N = ( RADIUS OF CURVATURE IN THE PRIME VERTICAL )

N=a/(l—e2esin2(])

2.10 UNIVERSAL TRANSVERSE MERCATOR (UTM.)

(CONFORMAL PROJECTIONS)

UTM.
UTM.W GEODETIC COORDINATE SYSTEM
GEODETIC ,
GEODETIC
(PLANE SURVEYS)
(2524) UTM.
GEODETIC 2.26 2.27 2
(MAPPING EQUATIONS)
X = £G).A) y = tyfy.X) 2-26
@ = g/x.y) X = g2(xy) 227
UTM. GEODETIC
2.14
2.10.1 TRANSVERSE MERCATOR PROJECTION
2

2.10.2



1.000

2.10.3

2.10.4

2.10.5
(ZONE) 6°
2.10.6
2.10.7
y=0
y = 10,000,000
2.10.8

X= 500,000

unu 47

YAl

unu 48

102°E

wugudgns

108°E +114‘LE
|

qaninT8Iuny 4€

anlAT8IuNY 47

80°s

2.14 UTM.

(CENTRAL MERIDIAN)

84° N

80°

= 0.9996

- (FALSE NORTHING)

- (FALSE EASTING)
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SATHLITES ARAPART SATHLITES A CE TOETHR

P #X

AREA OF UNCERTAINTY

AREA OF UNCERTAINTY

ISSVALL ISLARGE

2.15

Hum (1989)
A
DILUTION OF PRECISION (DOP)
Geometric Dilution of precision
D

C

€ B
A
2.16 GEOMETRIC DILUTION OF PRECISION
2.16 DOP
GDOP =

CONST / VOL-ABCDE

GDOP2 = PDOP2 + TDOP2



GDOP GEOMETRIC DILUTION OF PRECISION

POSITION DILUTION OF PRECISION

PDOP
TDOP  TIME DILUTION OF PRECISION

POSITION

p

T TIME

PDOP X RANGE ERROR = POSITION ERROR

3 X 4 = 12
2.12
STATIC,KINEMATIC,PSEUDO STATIC
STATIC 2
1
Shifter (1990)
STATIC 2.17
BIRATAONTIME (MN)
180 3 SATS
135
120 4 SATS
90 5 SATS
90
45 45
0 T T ]
0 1 10 100
LENGTH OF BASE LINE (KM.)
2.17 STATIC
STATIC

(AZIMUTH) Trimble navigation (1991)

23



2.18

, PDOP,

24

STATIC

LOCK

STATIC

DISTANCE AND ACCURACY SPECIFICATION

DISTANCE ACCURACY AZIMUTH ACCURACY
100CM - 60 SEC
10 CM ‘—__/ 10 SEC I ‘g
1CM - 1SEC
1 1 JT—
1KM 10 KM 100 KM 1KM 10 KM 100 KM
BASELINE DISTANCE 1CM +-2 ppm X BASELINE LENGTH]
BASELINE AZIMUTH 1 ARC SECOND +/-[ 10/ BASELINE IN KM ]
2.18
'21
STATIC 1 N
1:100,000
1:1,000,000
PSEUDO STATIC 20 / 1:50,000
10 1:100,000
2
KINEMATIC 2 / 1:100,000

1:1,000,000 (

INITIAL )
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' Shifter (1991)

21
2.13
d
, (SPHERE)
(ELLIPSOID)
(2533) 3
2131
6,370 . 40,024 . 1:5,000,000
2.13.2

2.19

(SEMI MINOR AXIS)

n

o —




(ELLIPSOID)
2 (SEMI MAJOR AXIS)
ECCENTRICITY
2.13.3
(GRAVITY) (GRAVITATIONAL)
o
(GEODESY)
&

2.20

TOPOGRAPHY

ELLIPSOID

2.20

(FLATTENING)

26



H

VERTICAL
=H+N
2.21
N.H h (AN,AH,Ah)
2.28 = H1+ N1
12 = 2 + N2
2.30 - 2.39 2- - = (2-H)+

231

2-N)

GEODETIC COORDINATE SYSTEM
) 2.21

DEFECTION OF VERTICAL

DEFECTION OF

2 GEOID UNDULATION (N)

2.28

.2.28

h = ELLIPSOIDAL HEIGHT

H =ORTHOMETRIC HEIGHT

N =GEOID UNDULATION

2.29

2.30



Ah2i
231
2.15 ?
STATIC
TRIMNET
SQUARES ADJUSTMENT
UTM
2.16
2.16.1
2.16.1.1
2.16.1.2
2.16.1.3
2.16.1.4
2.16.1.5
2.16.1.6

28

AH2i+AN2i 231
An
PHASE
TRIMVEC di
TRIMNET LEAST

GEODETIC COORDINATE SYSTEM

TRIMNET

(GRAVITATIONAL)

(ATMOSPHERIC DRAG)

(SOLAR RADIATION PRESSURE)

(TIDES)

' I (NONRIGID BODY)



(CONTROL STATION)

m2.16.2

2.16.3

IONOSPHERE

2.2

SOURCE

SAT. POSITION

SAT. CLOCK

IONOSPHERE

TROPOSPHERE

RECEIVER CLOCK

MULTIPATH

AMBIGUITY

OBSERVATION

2.16.4

12 ,
L1 L2
PSEUDO RANGE

ABS. REL.
100 M. 5 PPM.
10 M.

50 M. 2 PPM.
10 M. 1 PPM.
1000 M.

1M 1M
10 M. 10 M.

PSEUDO RANGE

(RELATIVE POSITIONING)

IONOSPHERE

PHASE

CARRIER PHASE

ABS. REL.

100 M.

10 M.

50 M. 2 PPM.

10 M. 1 PPM.

1000 M.

0.05 M.

.20 M.

0.001 M.

TROPOSPHERE

5 PPM.

0.05 M.

0.001 M.

29
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2.16.3 TROPOSPHERE
(CORRECTION)
Eckels
(1987) PSEUDO RANGE phase!

2.2
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