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ABSTRACT

Connecting the Palestinian Coordinates System to ITRF in Hebron District

Salem Abu-zneed Salch Al-Subateen
Huzam Abu-Litifa Mu'men Al-Jaidi
Superyvisor

Dr, Ghadi Zakarneh

This project aims o commect the Palestinian coordinales systern (Palestine 1923 Grid) in the area
of Hebrou district to an Tnternational Terrestrial Relerence Frame (TTRF). This is Tequired as
tew CGIPS/GNSS systems, technologies and algorithms enabled the use of basaline megsurement
m very long distances. Currently, there arc hundreds of GNSS puints measuring continuously
and providing the raw data of the GNSS observations and their adjusted coordinates over the
Internet. These points will be used for the conncetion between the Palestinian coordinates svstem
and the selegied ITRE

The project applics the connection in the Hebron district. In this area, a group of the original
triangulation points (Trigs) from the Palestinian geodetic network with their original easting and
northing coordinates (I, N) are going to be relerence for this project. These pomts will be used to
build a 3D network using the measured baselines. A least squares solution 1s applied ro caleulate
the geogruphic (4, ¢, h)/geocentric coordinates (X,Y.Z} in the selected ITRF system. These
poInts must be measured over different peried to monitor the mevement and their stability in the
ITRF system,

Finally. the relation between the Palestinian system and the sclected TTRF system must he
defined. This is applicd by applving 3D coordinute transformation, The errore and differences

belween the two systens ure gomg to be introduced and analyzed at the end of the project,
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1.5 Project Scope.




CAHAPTER ONE INTRODLCTION

1.1 Background

Terrestrial Refercnce System (TRS) is a spatial reference system, in such a
systemn. positions of points attached to the salid surface of the Earth have coordinates
which undergo only small variations with time, due to geophysical effects (tectanic or
tidal deformations). A Terrestrial Reference Frame (TRF) is a set of physical points
with precisely determined coordinates in a specific coordinate system (Cartesian,
geographic, mapping...) attached to a Terrestrial Reference System. Such a TRF is
said to be a realization of the TRS.

An International Terrestrial Reference Frame (ITRF) is a realization of the ITRS.
New ITRF solutions are pn_::a:n{:cd cvery fow years, using the latest mathematical and
surveying technigues to attempt to realize the ITRS as precisely as possible. Due w
cxpenimental error, any given ITRF will differ very slightly from any other realization
of the TTRT. Also. the difference between the latest WGS84 and the latest ITRT is

only a few centimeters.

The history of the ITRF gocs back to 1984, when for the first time a combined
TRF (called BTSH4), was established using station coordinates derived trom VLBI,
LLR, ﬁr_.Rﬂ_.::l._E_{hJ__LlﬂIELETJ" TRANSIT (the predecessor of GPS) observations, 10
versions ol the ITRF were published, starting with [TRF&8 and ending with
ITRF2000, cach of which superseded its predecessor.

1.2 Objective

This project aim to convert from the Palestinian coordinates system to the
miernational terrestrial reference frame ITRF, By manitoring points using the GPS, so
that these points is a Trige’s. then we make a network of iriangles between these

paints, after that we convert from Palestinian Coordinates system to ITFR system .




INTRODUCTION

1.3 Time Table:

The time schedule shows the stages of developing in cur work and the process of
project growth that include Project determination, studying, collecting data, designing
the entire system. Table (1-1) shows the first semester project growth. All tasks are
referred to the theoretical background and the whole system analysis,

Tehie (1=1)Time Scheduls for frst semester

Sl R

In the first two weeks of the project have been identified in the project idea, and then
Besn working on the analysis of the project and the analysis continued for three
wesks, and then have heen Lraining on the use of devices Genesis and identify points
and was for a period of five weeks, and then the process of exploration of point and its
wakes five weeks , after that we started Monitoring points that have been identified
where the duration of the work at this stage takes twelve week .

Ll




CAIAFTER ONE INTRODUCTION

1.4 Methodology

Methed of working on this projeet will be by observed several points using the

GPS then we Install the observed points after thal we make a network coordinates by

applying the coordmatcs of observed pomnts | then we connect this network to the

intermational terrestrial frame ITRF , after faking the ITRF coordinates applying it on

the Palestinian Trigg's (Trigg's in West Bank which Laken fom the Hebron

municipabity) , finally we convert this coordinates Trigg's Lo intermnational Coordinates

1.5 Project Scope

This project consists of five chapters as follows:

Chapter One: A simple explanation abaut the project, and an introduction to
what will be done in the projeet.

Chapter Two: Introduces A GNSS network which is 8 common resource that
helps uscrs achieve a wide runge of benefits while enabling cost-saving
solutions in the fields of swveying, mapping and other high accuracy
positioning work., Whether you're building a new GNSS network or expanding
an existing network, our proven selutions simplify the process, ¢ost and

complexity of deploying GNSS Infrastructure.

Chiapter Three: Discuss the figure of the earth coordinates system ( type of
coordinales and projected coordmates ) |, and the datam transformation { ITRE
coordimates ) .

Chapter four: Least Square For GNSS Network.

Chapter five: Fieldwork.

Chapter six: the results of calculations thal invelves the ITRF coordinates and
Palestinian coordinates and the transformation parameters.

Chapter seven: conchision and analysis of the results
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CHAPTER TWO GOLBAL MAYIGATION

1.1 Imtroduction

Since earliest tunes, the human have interest to determing his position and his location
with respect to other locations. He developed many methods (o do that and he also
used the sun and the stars to help him to determine his position, The oldest he used
was the stars to determine his position with respeet to the position of the stars this
method give us an approximate location not the true location. Today with live in the
era of pregision we need to determine the position with high acenracy: so the human
was needed to develop other methods that give us the needed accuracy so he send

satellites to the space end developed them te help him in the positioning of his place.
2.2 Definition of the GNSS

Global Navigation Sarellite System is a system used for positioning, tracking, and
mapping in most cases is mentioned as synonymous with navigation, GNSS is the
means that has translated the theoretical concept of navigation into an actual system, a
guite friendly receiver, a commonly accepted and increasingly needed service.

In the past it was named Global Position System (GPS) which was developed by the
US Military o allow the soldiers to autonomonsly determine ther posttion within 10
1o 20 meters accuracy without any other radio (or otherwise) comnminications,

Global coverage [or the sysiem is generally achieved by a satellte consteliation of
2030 medium Earth orbit (MEQ) satellites spread between several orbital plancs.
I'he actuzl systems vary, but use arbital inclinations of =30° and orbital periods of

roughly twelve hours (at an altitnde of about 20,000 kilometers { 12,000 mi)).

2.3 Global Navigation Satellite Systems

Different countrics have developed that satellite navigation, the global system are, as

shipwn 1o table (2-1):

| GPS: The Global Positioning System (GP5S) i5 a satellite-based navigation
system that was developed by the U.S, Department of Defense (DoD) in the
earlv1970s.




GOLBAL NAVIGATION STALLITE 5YSTEM

2 GLONASS is an all-weather global navigation satellite system developed by
Russia. The GLONASS satcllite system has much in common with the GPS
system.

1 Galileo is a satellite-based global-navigation system proposed by Europe.
Galileo is a civil-controlled satellite system to be delivered through a public-
private partmership.

4 China has recently launched two domestically built navigation satellites,
which form the first generation of a satellite-based navigation system. [t is an
all-weather regional navigation system, which is known as the Beidou
MNavigation System.

The satellites are placed in geostationary orbits at an altitude of approximately
36,000 kom above the Earth's surface. The primary use of the system is in land

and marine transporiation.

Talle {2-17 Global Navigation Svstems

Ryitan GPrs GIAINASS Galllea
Umited Siates Russiun Federuation Earopean Uniogn
Fuditieal tatity
CDMA FIORMANCTIMA CDMA
Coding |
10180 km{ 12,540 mi) 19,130 bem (17,880 i) 33,2208 km {14,430 md)
Orbital heighe
1197 hanrs() | b 58 m) 11 2éhonrs(1l h 16 m) 1408 hanrs (145 5 m)
Peried
per gidureal dav
31, inghmiing, 24
4 test bed surellites in
wperutional. 1 in
arhit,
At lenst 24 preparatinn, I on
AMomber of sateffifes 12 operaitonal
maintenunce, I reserve
sulellites budgeted
I amn tests
1.164-1.215 GHz {ESa
and E5b)
1.57542 Gtz (1.1 signal) Aruand 1.602 CHz (8P
12860 1 300 GF= (Fh)
Frequency 12276 GHx (L2 signal) Aromnd 1,246 Gz (50%)
1.535%-1.592 GHz (K1~
LI-ELl)
(peracomnal.
Operardonal In preparation

Siatus CDMA in preparation




CHAPTER TWO

GOLEBAL NAVIGATION STALIITE SYSTEM

2.4 GNSS Segment

GINSS consist of three distingt segments as shown in figure (2-1);

. The space sepment, the satellite or space vehicles.
2. The control segment, the ground tracking and maonitoring stations.

3. Thec user segment, all users and there GNSS receivers.

; I._:r'._w.'l 1k :J-.::lr_l
a

= Loded rongng signah

...-" "
Space segment ﬂg ' .‘& '
* * Powilion inlormation

Uplink doio * Almoaphinc dolo
¢ Somellie echermem pouhon censtant b Alrvanes

* Clock-co mecfign facion \

Figare (2| ) GNSS segments]3]

4.2.1 Space Segmenl

GNSS uses a constellation of satellites, each ransmitting a composite ranging signal
that includes a navigation message. The latler contains the information required to
determine the coordinates of the satellites and bring the sarellite clocks in line with the
GINSS time.




CHAPTER TWO GOLBAL NAVIGATION STALLITE SYSTEM

Facts about GNES

1. Each satcllite weighs approximately 900 kilograms and s about five merers
wide with the solar panels fully extended.

2. The base size of the constellation meludes 21 aperational satellites with three
orbiting backups, far a total of 24.

3. They are located in six orbit satellites approximately 20,200 kilometers
altitude. Each of the six orbits is inclined 35 degrees up from the cguator, and
is spaced 60 degreas apart. with four satellites located in each orbit.

4. The orbital perivd i3 12 hours, meaning that each satellite completes two full
orbits gach 24-hour day.

422 Control Segments

Monitoring of the GNSS satellites, through checks of their operational health and
determining their positions in space, is carried out by the aperational cotitrol segmeant
(OCS), As un cxample figure (2-1) show the control segments of the GPS. In
particular, the segment takes care of! maintaining the satellites in due arbr through
small mancuvers, mtroducing corrections and adjustments w satellite clocks and
pavioad; tracking the GNSS satellites and uploading ngvipation data to each satellite
of the constellarion: and providing through commands major relocations in case of
satellite failure, As shown in Agure (2-3).

] tames can-suiie

Figure {1-2} (GPE cantiil segment [4]




LIAPTER TWO GOLBAL NAVICATION STALLITE SYSTEM

LY, L2
wﬁ.c:ﬁe

I —
% Hemote
? monitor

Cround antenna stations
Master
L conkrol JJ
Clock data<
station
Ephemeris Raw data

control parameters

Figure (2-3): Basic structurs and data flow of the GNSS control segrment [2]

413 User segment

The user segment includes all military and civilian users. With a GNSS receiver
connceted to a GNSS antenna, a user can receive the GNSS signals, which can he
used to determmine his or her position anywhere in the world. GNSS is currently

avallable to all users worldwide for free.
1.5 The Principle of GNSS positioning

The idea behind GNSS is rather simple. If the distances from a point on the Earth (a
CGINSS receiver) to three GNSS satellites are known along with the satellite locations,
then the location of the point (or recerver) can be determined by simply applying the

well-known concept of resection.

As mentioned before, cach GNSS satcllite continuously transmits a microwave radio
signal composed of two carriers, two codes, and a navigation message. When a GNSS
receiver is switched on, it will pick up the GN3S signal through the receiver antenna.
Once the receiver acquires the GNSS signal, it will process it vsing its bailt-in
software. The partial outcome of the signal processing consists of the distances to the
GNSS satellites through the digital codes (known as the pscudoranpes) and the
satellite coordinates through the navigation message.

10




CHAPTER TWO GOLBAL NAYTGATION STALLITE SYSTEM

Theoretically. only three distances to three simultancously tracked saellites are
needed. In this case, the receiver would be located at the intersection of three spheres;
cach has a radius of one receiver-satellite distance and is centersd on that particular
satellize Figare (2.4). From the practical poeint of view, however. a fourth satellite is

needed to aceount for the receiver clock offset,

The acouracy obtained with the method described earlier was until recently limited to
100m for the honzontal component, 156m for the vertical component, and 340 ns for

the time component, all at the 95% probabilily level.

This low accuracy level was due to the effect of the so-called selective availabilily, a
techmique used to intentionally degrade the autonomous real-time positioning
accuracy to unauthorized users, With the recent presidential decision of terminating
the selective availability, the obimined horizontal accuracy is expected to improve
about 22m (95% probability level). To further improve the GNSS positioning
accuracy, the so-called differential method, which emplovs two receivers
simualtaneously tracking the same GNSS satcllites, 1s used. In this case, positioning

accuracy level of the order of a subcentimeter to a few meters can be vblained,

Onher uscs of GNSS include the determination of the user's veloeity, which could be
determined by several methods. The most widely used method is based on estimating
the Doppler frequency of the received GNSS signal. Itis known that the Dappler shitt

oceurs as a result of the relative satellite-receiver motion.

Figure |2+ Basic |dea of GNEE positioning |6




CHAPTER TWO L ICATION STALLITE 8Y

Culculating the distance to the satellite

R=VxT [2.1)

Where
R: hstance.
V: Basic idea of GNSS positioning 300,000 kilometers per second.

T: Time in iransit.

2.6 GNSS Signals

Each GIP'S satellite transmits data on two frequencies, L1 (157542 MHz) and L2
(122760 MHz). The atomic clocks aboard the satellite produces the fundamental L-
band frequency, 10.23 Mhz. The Lland L2 currier frequencies are genernted by
multiplymg the fundamental frequency by 154 and 120, respectively, as shown in
table(2-2). Two pseudorandemn noise (PRN) codes, along with satellite ephemerides
(Broadcast Ephcmerides), ionospheric modeling coefficients, status information,
system time, and safcllite clock corrections, are superimposed onte the carmer
frequencies, L1 and L2, The measured travel times of the signals from the satellites to
the receivers are used to compute the pscudoranges.

The Course-Acquisiton (C/A) code, sometimes called the Sandard Positioning
Service (SPS), 15 a pscudorandom noise code that is modulaied onto the L1 carrier.
Because initial point positioning tests using the C/A code resulted in better than
expected positions, the DoD directed "Selective Availabilicy” (SA) in order to deny
full system accuracy to unanthorized users. SA 1= the intentional comuption of the
GPS satellite clocks and the Broadcast Ephemerides, Ermrors are introduced into the
fundamental frequency of the GPS clocks. This c¢lock "dithering™ affects the satellite
clock corrections, as well as the psendorangs observables, Errors are introduced into
the Broadcast Ephemerides by truncating the orbital information in the navigation

message.

12




CHAPTER TWO GOLBAL NAVIGATION STALLITE SYSTEM

The Precision {P) code, sometimes called the Precise Pasitioning Service (PPS), 8
modulated onto the 1] and L2 carriers allowing for the removal of the first onder
effects of the waosphere. The Peode s referred to as the Y code if encrvpled. Y code
1 actually the combination of the P code and 2 W encryprion cnde and requires a DaD)
authorized receiver to use it. Originally the encryption was intended as a means to
safe-goard the signal from being corrupted by interference, jamming, or falsificd
signals with the GPS signature. Becaose of the intent to protect against "spoofing.”
the encryption is referred to as "Anti-spoofing”’ (A-S). A-8 is either "on" or it's "off}"

there 18 no variable cffoel of A-8 asthere 15 with SA.

Table (2-2): GMES Signal Codes nnd Currier Fregueneies

Codes Satallitc Massege
Civilian Malitry
Carrier i..._hmd ClA-code PY-code
157542 Mhz  Presem 293 | Presenr 20.3 User messages
L1 19em m m Satellte constants
wavelength wavelengh  wavelength Karellite positions
1227 .60 MHz Presant 29.3
Ll 24em Nol present m
wavelength wavelength

2.7 GNSS Errors and Biases

The GNSS mesurments may. be affected by many error and baises this errer can be

classified in four groupes they are listed in Figure (2.3).

@ Ephomerty lorbal] groar

Cieoreric
&= L}
H effecn

ariertive auailichiingy

Clggh errod
®

Ly 0 e ' v R
lanaspheric defmy LT it (e : s
Tropespheric delsy ; - r‘l.lll path errog
— wplein Aane
flnrenna pha
cemteEr Yana b ons

Figure {3-51: GNES rrars-aid biases [1]
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1. The errors onginating at the satellites:

<+ Ephemeris or orbital error.
“» Selective availability,
#+ Satellite clock error

2. The errars ariginating at the receiver:

#* Receiver clock errar.

“ Multipath crror.

<+ Receiver noize.

<+ Anlcnna phase center variations.

3. The signal propagation emrors:

< Tonospheric delay.
#* Tropospheric delay.

4. The Geametric effacts,

2.1 Sélective Availability ( Anti Spoofing )

GNSS was originally designed so that real-limc autonomous positioning and
naVigation with the civilian C/A code receivers would be less precise than military P-
code receivers, Surprisingly, the obtained accuracy was almost the same from both
receivers. To ensure national sccurly, the U.S. DoD implemented the so-called
selective availability (SA) on Block IT GPS satellites to deny accurate real-time
autcnomous positoning to unauthorized users. SA was officially activaled on March
25, 19%0,

2.72 Satellite clock ervor

GNSS satellite use clock with high accuracy but it isn't perfect they include some
efror. Their stability is ahout | to 2 parts in 10" over a period of one day. This meuns
that the satllite clock error is about 8.64 to 17.28 ns per day. The corresponding
range crror is 2.539m to 5.18m, which can be casily calculated hy multiplving the
clock error by the speed of light (299,729,458 m/s).
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273 Receiver measurments noise

The teceiver measurement npise results from the limitations of the receiver's
electronics, Generally, a GPS recciver performs a self-test when the user tums it on.
However, for high-cest precise GPS systems, it might be important for the user 1o
perform the system evaluation. Two tests can be performed for evaluating a GPS

receiver [system):

1. Zero baseline lest.

2. Short baseline 1est.

274  lonosphere and troposphere refraction

At the uppermost part of the carth's atmosphere, ultraviolet and X-ray radiations
coming from the sun interact with the gas molecules and atoms, These interactions
result in gas ionization: a large number of free “tegatively charged” electrons and
“positively charged™” atoms and molecules. Such a region of the atmosphere where
gas ionization takes place is called the lomosphere. It gxtends from an altitude of

approximately 30 km to about 1000 km or even more, s shown in figure(2-6).

The troposphere is the electrically neutral atmospheric region that extends up Lo about
50 km from the surface of the carth. The troposphere 1s a not dispersive medium for
radio frequencies below 15 GHz.
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Both ionosphere and tropesphere cause bending of the signals. This beading of radio
waves is called refraction, The prohlem with the Ionosphers is the electrically charged
particles that drag on the incoming signal. In the troposphere, the problem is with the
waler vapor contenl which does the same thing. These problems are even further
exacerbated when a satellite is low on the horizon. Thiz 13 because a line tangent o

the surface of the Darth (or nearly so) passes through a much thicker layer of
atmosphere than if that line were pointing straight up.

To deal with refractions the satellite’s NAV-massage includes an aimosphenc
refraction model thal compensates for as much as 50-70%6 of the crror and to use a
dual-frequency receiver which simuliancously collects the signals on both the LI and
L2 camiers. Because the amount of refraction that a radio wave experiences is
inversely proportional to its frequency. using two different frequencies transmitted
through the same atmosphere at the same time makes it relatively easy to compule Lthe
amount of refraction taking place and compensate it,

1.7.5  Mask Angle

cut-off angle: The point above the observers horizon below which satellite signals
are no longer tracked and/or processed. 15° 1o 25° is typical as shown in figure (2-7).

Figure 12-7): Mazk angle [5]
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.76  Multi path Ervor

Multipath error accurs when the GPS signal arrives at the receiver antenna through
different paths. These paths can he the divect line of sight signal and refiected signals
from objects surrounding the receiver antenna see Fipure(2.8),

Tigure (2-8); Muld path error [4]

There are several optivns to reduce the effect of multipath:

1. The straightforward option 15 to select an observation site with no reflecting
objects in the vicimity of the receiver anlenna.

2. Anaother option to reduce the effect of multipath is to use a chock ring antenna
(a chock ring device is a ground plane that has several concentric metal hoops,
which atternuate the reflected signals)

3. As the GNSS signal is righr-handed circularly polarized while the reflected
signal is lefi-handed, reducing the effect of multipath may also be achieved by
using an antenmna with a matching polarization Lo the GNES signal {i.e., nght-
handed). The disadvantage of this option, however, is thut the polarization of
the multipath signal hecomes right-handed again if it i3 reflectad twice.

17
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By P Reciver Clock error

(INSS reciever use inexpensive erystal clocks, which are much less accurate than the
satellite ¢locks. As such, the receiver clock error is much larger than that of the GNSS
satellite clock. [t can. however, be removed through

1. Diflerencing between the satellites or

2. It cun be treated as an additional unknown parameter in the cstimation process.

178  Geometric arrangement of the satellites

The effect of satcllite geometry is quantified in the measure called dilution of
precision, or DOP. When satellites are widely spaced the overlap area of the two
zones of possible satellites range error 15 relatively small, this area called area of
positional ambiguity. Figure (2-9) illustrates the low DOP, while figure (2-10) shows
high DOP.

Figure (2-9); Well spaced sstellites Low uncertainty of position [3]

The best way to minitnize the effect of DOP is to observe as many satcilites as
passible. And these are the values of dilution of precision:

. A DOP value less than 2 1s considered excellent,

A DOP value between 2 and 3 1s considered very gond.

A DOP value berween 3 and 5 i5 considered good.

A DOP value greater than 5 and less than 6 is considered fair.

B

3.4
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Figure {2-10): Pourty spaced satellites High uncertainty of position [3]

Different types of Diluton of Precision or DOP can be caleulated depending on the
dimension; these values are caleulated by the covariance matrix of the position

generaled (tom least squares adjustment

% Vertical Dilution of Precisian(VDOP}: Gives accuracy degradation in verlical
dircction.,

vDop= = (2.2
o

% Horizontal Dilution of Precision(HDOP): Gives accuracy degradation in
honizantal direction.

I "
HDOP= —* Jol 4 at) (2.3)

% Positional Dilution of Precision(PDOP); Gives accuracy degradation in 3D
position,

1 e EET
PDOP=—* .,j":r; +a, +a;) (2.4)
a

% Time ditation of precision(TDOP): Gives aceuracy in time,
1DOP="% (2.5)
o

¢ Geometric Dilution of Precision(GDOP): Gives accuracy degradation in 3D
position and time.

GDOP= é "'.Jcr:' + cr_ﬁ +a. +a, ) (2.6)
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Where:

& = 15 the measured RMS error of the pseudorange.

229129 = are the measured RMS errors of the user position in the
xyZz directions,

To = is the measured RMS user clock error expressed in distance,

2.8 GNSS Position Modes

Positioning with GPS can be performed by cither of two ways: poinl positioning or

relative positioning
2.8.1 GNSS Point Positioning

Involves only one GNSS receiver that is, one GNSS receiver simultaneously tracks
four or more GPS satellites to determine its own coordinates with respect to the center
of the Earth, as shown Figure (2-11). Almost all of the GNSS§ receivers currently
available on the market arc capable of displaying their point positioning coordinares.

To determine the receivers point pasition at any time, the satellite coordinates as well

48 a minimum of four ranges to four satellites are required.

Known: X, Y, 2 satellites)
+ Ry Ry Ra Ry

v
Unknown: X, Y. £ ecever)
-+ rveiver clock error
Horizomtal ocvurgev: 22m [95% of the time)

Fignre {Z-11) Pritsgipal ol GNSS point
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28.2 GNBSS Relative Pusitioning

GNSS relative positioning, also called differential posilioning, employvs two GNSS
receivers simultancously tracking the same satellitcs (o determine their relative
coordinates, as shown Figure (2-12). Of the two receivers, one 15 selected as a
reference, or base, which remaing sialionary at a site with precisely known
coordinates. The other receiver, knvwn as the rover or remote receiver, has its
coordinates unknown. The rever recetver may or may not be stationary, depending on
the type of the GNSS operation. A minimum of four common satellites is required for

relative positioning,

o Krower: X, ¥, & (e folbites]
s WML R,
v ALY,  (baw]

& Unkrydwm: o ¥, 2
tremale]

Frgure {2-12) prneiple of GNSS relutive posilioning [3]

Differential GNSS carrier phase surveying 1s used o obtain the highest precision from
GNSS and has direct application to most topographic and engineering survey
actrvities. D GNSS uses three Different GNSS ditferential surveving technigues:

I.Static.
2, Fast Static.
3. Real Time Kinematic.

2.8.2.1 Static GNSS Survey Techniques

This was the first method to he developed for GNSS surveying. Tt can be used for
measuring long baselines (usually 20km (16 miles) and over).

2]
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The base should placed over an point whose coordinates known with high accuracy
undd the rover will placed over an point whose coordinates are unknown. Both GNSS
recelvers must receive signals fram the same four (or more) satellites for 4 period of
time that can range from a few minutes o several hours, depending on the conditions

of observation and precision required.

Static GNSS has the capability to produce relative positions at the sub-centimeter
level on relatively short distances (a few hbundred kilometers) and at the centimeter

level over long distances (up to thousands of kilometers)
2.8.2.21 Fast Static GNSS Survey Techniques

This technigue is similar to the static technique. The different between them that the
rover receiver spend less time over the station.

Fast static surveying requires that one receiver be placed over a known control puint.
A rover recciver occupies each unknown station for 5-20 min, depending on the

number of satellites and their geometry.

The accuracy of fast static surveys is similar to static surveys of 0.03 feet (1

centimeter) or less. This method can be vsed for medium-to high accuracy survey.
1.8.1.3 RTK Surveying Techniques

RTK stands for Real Time Kinematic. It 18 a Kinematic on the Fly survey carried out
in real time, The Reference Station has a radio link attached and rebroadcasts the data

it receives from the satellites.

The Rover also has a radio link and receives the signal broadcast from the Relerence.
The Rover also receives satellite data directly from the satellites via its own GNSS
Amenna, These rwo sets of data can be processed together at the Rover to resolve the
ambiguity and therefore obtain a very accurale position relative to the Reference

FECEIVEL.

22
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Onee the Reference Receiver has been set up and is broadcasting data through the

radio link, the Rover Receiver can be sctivated,

When it is tracking salellites and receiving data from the Reference, it can begin the
initialization process. This is similar to the initialization performed in a post-
processed kinematic on the fly survey, the main difference being that it is carried oul

in real-time,

Ongce the initialization is complets, the ambiguities are resolved and the Rover can

record point and coardinate data.

RTK surveys can be accurate to within 0.05 ta 0,10 feet {2- 3 centimeters), providing
a good static network and calibration wers performed prior (o performing the RTK

survey. As shown in figure (2-13),

ACCUracy:
s~ 2B im

-5

Radh r1%

Figure (2-13 ) RTK GNSS Surveying [2]

Table (2-3) shuws the requirement, application, and accuracy, for cach tvpe of relative

GGNSS position (Startic, Rapid Static(Fast), and Real Time Kinematic).
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Concept

Siatic
(Post-prooessing)

Rapid Static
{Trozl-processing)

Resl Time Kineowulic
[Real-Time)

Table [2-371 GNEA Relugve Fositioning

Hequirements

o1 or EL2GNES 5
CooEiver
~comotter for post-
progessing,
w45 minto | he
iRl
observation Lime

o L1132 (GNSS recejver
« 5-20 min ohsarvation
rmic

Fue past-processing
o LI7L2 (GMES réceiver
= Computer
For real-tims:
= L1712 ONSS reeciver
» Tnterial or extemil
processar (computas]
= Radin/modem dats link
Aet

2.9 GNSS Retfernce System

Applications

« Control surveys
[that reguire high
aocuraLy)

« Contral strveys
iLhal reguire
medium to high
occuTRCcY

* Real=time high
RECUTQCY SUTVEVS
» T.oustion sUCveys
* Medium accursiy
eanbrol suwrveys
o ["hoto contral
= Cantmuois topa

Aceuracy

= Sith cantimeter
level

= Sub centimeter
fevel

» Saih dhesich st
level

The World Geodelic System is a standard for use in carlography, geodesy, and
navigalion it comprises a standard coordinates frame for the earth, a standard
spherical reference surface for raw altitade data, and a gravilutional equipotential
surface that defines the nominal sea level.

The latest revision is (WGS 84) which was valid up to about 2010. Earlier schemes
included WGS 72, WGS 66, WGS 60, WGS 84 is the referenced coordinale sysiem
ustd by the Global Positioning System, as shown in figure (2-4).

@: Ed!mn:*.cr of WGE B4

Ellipsoidal name

WGS 84

Semi major axis

(nin meters)
6178137

Semil minor axis
{a in meters)

208257223563
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Earth's Surface

WGS24 Ellipsoid (topogranhy)

\\: Local Ellipsoid

e

Figure (2-14) WGS 84 [1]

The other geomeiric paramoters are computed using the following equations:

r = all+n’ i 4){1+n) 27
Sy 2
= 12-]) (2.9)
e~ M- 1Y (2.10)
bl 1-f) (2.11)

The absolute positions ebtained from GPS are based on the 3-D WGSR4 cllipsoid,
Coordinate outpurts are on a Cartestan system(X-Y-Z) relative to WGS84 reclangular

coordinate. These coordinate can be ransformed to A ¢ . and h by an ilerative solution
where:
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r . B
= Lan L“—L’: b ] W

| gemd o L _lillr+ }I
v X+ E?_IA}
hNAEE
cos¢ (2.14]
N=—o a e
ya'cos g=b sin” P (2.15)
As initial value to start the iterative solution:
ﬂ.’i= laﬂ"' —r'.fz—_‘(dl—&'; ) I
R (2.16)
The mverse problem to find the X, Y, and &, from A, ¢, and h;
X =|N+hcosgpeos A (2.17a)
Y =(N+h)cosd cos A {2.17b)
Z=((1-e* ¥+ h)sing (2.17¢)

These coordinates can be transformed to local datum systemn using 3D similarity

transformation acording Lo the following equations:

X (Local) = X (WGS 84) + AX (2.18)
Y (Local) = Y(WGS 84) + AY (2.19)
Z (Clarke 1880) = Z (WGS B4) + AZ (2.20)

Where: AX =230.00m, AY=71.00m, AZ=-173m
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3.1 Introduction.

3.2 Conversion between positions coordinates systems
3.2 Coordinate Systems.

3.4 International Terrestrial Reference Frame

3.5 North Pole Movement.

3.6 Tectonic plate movement
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3.1 Introduction:

A coordinate system 16 a set of rules that state the correspondence between
goordinate and points; a coordinate 15 one of a set of N numbers individuatig the
location of a point in an N-dimensional space. A coordinate system is defined once a
point known as origim, a set of N lnes, called axes, all passing for the origin and

having well-knawn relationships to cach other, and a unit length are established.

In GNSS upplicativn, the poesition of & point in a coordinate system can be

expressad in Fioura(3-1).

| s

Plane tangant to the
ellipsoid surface at ¥

Figure (3-1): Grodetic coardinate [3]

s (Cartesian coordinates (x, ¥, 2);
= Ellipsoidal or geodetic (also called geographic) coordinates (A, ¢, h): L 1s the
latitude, @ is the longitade, and h 15 the height above the surface of the carth |
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13 Conversion between position coordinates systems

Any Cariesian coordinate system can be transfprmed to another Cartesian
coordinate system through three succeeded rotations if their origins are the same and

if they are both right-handed or left-handed coordinate systems, These three rotational

matrices are:
1 0 ()
R(zi=|0 cosa sing

0 —sing cosa

\ / (3.1)
feasa 0 —sin a“‘|

R:[a}—-| S
\sina 0 cnsa}]

" casg sma 0

A.la)=|=sma cosa 0 (3.3)

A9 i} 1,|
Where & is the rotaring angle. which has a positive sign for a counter-clock wise
rotation as viewed from the positive axis to the ongmn. R R ang By pre called the

rotating matrix around the xy, and 7-axis, respectively.

For two Cartesian coordinate systems with different origins and dillerent length

unils, the general transiorm ation can be given in veclor (mAarrix) form as

J:q :.Jir,: '_m-\;h- LH‘.&‘&]
OR
X "II % ;,E %
W 1 | ol
v, = ¥y |+ HR Y (3.4h)
<. | &0 =S,
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Where u is the scale [etor (or the mtio of the two length units), and R is a

transformation matrix that can be formed by three suitahly succeeded rotations. ™

and " denote the new and old coordinates, respectively; 0 denotes the translation
vector and 15 the coordinate vector of the ongin of the old covrdmate system in the

IHCW Onc.

If rotational angle @ is very small. then one has sm e =a and cos @ = 0. In such a

cuse, the Totational malsix can be simplified. 1fthe three rotational angles “i0%2191 4n

R of Eq are verv small then R can be written as:

1 dy —ﬂ;
H=|-a, 1 d;
gy =gy Y (3.5)

Where; 9“3 ae small rotating angles around the x, v and z-axis, tespectively.
Coordinate Systems

We have several coordinate systems here are the most mmportant three systems
dre.

+ Geographic coordinate system.

# Carlesian coordinate svstem

» Top centne coordinate system.

331  Geographic Coordinat System

A geographic coordinate syslem is a coordinate system that enables every

location on the Earth to be specilicd by a set of numbers or letters, The coordinates

ate often chosen such that vne of the numbers represents vertical position, and two or
three of the rumbers represent horizontal position. A common cheice of coordinates

is latitude, longitude and elevation, as shown in figure (3-2).
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Bl Geodetic Haght of
Point P

Elli=enad
dSirface

Semue Mapor Ame

Equmtar
(Geodetic . Geodelic
Longitude + Latitude

Figure (3-2); Geographic G dinats system [6] .

The latitude () ol a point on the Earth's surfnce is the angle between the equatorial
planc and a line that passcs through that poamt and i1s normal to the surface of a

reference ellipsoid which approximates the shape of the Earth.

The Longimude ( L) of a point on the Earth's surface is the angle east or west froma
reference meridian to ancther menidian (hatl passes through that point. All mendians
are halves of great ellipses (cften improperly called great circles), which converge at
the north and south poles.

The geodetic (cllipsoid or normal) height (h) at a point is the distance from the

referenee cllipsoid to the point in the direction normal to the ellipsoid

33.2 Cartesian Coordinat system

A Cartesian coordinate system is a4 coordmate system that specilies each pomt
uniquely i a plane by a par of numerical coardimates, which are the signed distances
ffom the peint to two Axed perpendicular directed lines, measured o the same umit of
length. Fach reference line 15 called a coordinate axis or just axis of the system, and
the point where they meet is ils origin, usually atl vrdered pair (0, 0). The ceordinates
can also be defined as the positions of the perpendicular projections of the point onto

the two axes, expressed as signed distances [rom the onigin.
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A Canesian coordinate system m a plane has two perpendicular lines (the x-axis
and y-axis), as shown ligure (2-3); in three-dimensional space, it has shree (the x-axis,

y-axis, and z-axis). as shown figure (3-4).

Frgure (3-3); I'wo-dimensional space of Carlcsian coordinate [9]
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333  Topacentric Coordinat System

This system use for tracking purpases is illustrated in figure (3-5). Here the
coordinates become aliitude H above the honizon, azimuth Az measured from true
north and p, distance from the observer.

Figure (3-5): Top centrie Coordinale System [3]
The position of the point is defined by the zenith (ze), distance (5) and Azimuth
(Az) measured clockwise from the north.

Where:

X=Scozdzrinza

v=58sin 4zsm z¢

(3.6)

r=Seasze
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If peocentric coordinates are used

E (3.7)

To convert from topocentsic to geocentric coordinate the following can be applied

in matrix form.

AX = Ax (3.8)
AX] [—sing,cosd, -sind, cospcosd, x|
AY |=| —sme;sind;, cosi, Ccosg;snd, }'J
(AL Cose, 0 sinp, |z (3.9)
X=X, +AX
x=4'AX = ATAX (3.10)

Inlernational Terrestrial Reference Frame

The International Terrestrial Referenee Frame is the worldwide adopted standard
frame used as hasis for all geodetic and geophysical applications. The use of GPS
permanent slations for & variety of applications allows in particular the densilication
and dissemination of ITRF worldwide tharks to 1GS high quality products, being
reported to ITRF globul Fame. Point positioning using 1GS clock corrections and
orbits already cxpressed in the ITRF permits disseminating the TTRF al the em-level,
without Tefersnee (o any other point on the Earth surface. The high level of accuracy

and consisteney of 1GS products could pot be reached without the revolutionary

potential of GPS permanent stations, as shown in figure (3-6).
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Figure (3-6): [TRE [6]

ITRF coordinatcs will in gencral differ from GDAY4 coordinates for two main
reasons, namely tectonic motion of the Australian land mass and refercnee frame
differencas. l'ectonic motion of the Avsrralian land mass is approximately 7em'year
in the WML direction. THiferences between the ITRF22 coordinate reference frame
and the ITRF200D ara at the several cm in magnitude. A standard 7-parameter
transformation can adequarely maodel these differences at the em level, provided the7-
parameter transformation parameters ure regulurly updated to reflect the tectamic
motion. A slightlv more complex 14-parameter transformation (7-parameters + their
rales) can be wsed as a better long-lerm practicsl solution to these coordinate
Iransformations. A 14 purameter ransformation parumeter allow users o map a 7
parameter transformation to any gpuch of interest,

The 7-Parameter ransformation between an inpul sel of ITRF coordinates amd
GDASY can be deseribed by eguation (3.11).

Kenqoq dx i | ¥ =¥ || X
Youw [=|dy L [1 | 5-'_‘.‘:1* —=r 1 ro || Fiese (3.11)
e dz ‘- rv —re 1 || D

Where:

X, Y, Zecosdare the mansformed GDAS94 Earth centersd Carnesian coordinates
{meters),

X, Y, Zyme are the input ITRF Earth centered Cartesian cooardinates (met2rs).
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DX, DY, DZ are translations (meters).
RX, RY RZ ar¢ rotalions (radians),
Scis ascale.

The 14-Parameter transformation belween an input szt of ITRE coordinates and
GIAY4 can be descnbed by equation (3.12).

Xruan dx +d x* (1 —1o) B
Yoo |= 1 dv+d"y = (1=12) [+ (l + Se+ 8¢k -:n}]" R'™ Y

Tenane dz+d "z %t —10) Lirme
- (3.12}
1 (rmsriz¥(i=re)) —(mp+r"*—10)) |
R =|={rz+r'z*(t=rc)) 1 {rx+r'x*{r—r=}}‘
(v +r y*(t=t9)) —(rs+r x*(t—1s)) 1 |

Where:

K.Y, Fvameare the transfommed GDAS4 Earth centered Cartesian coordingtes

{ matars).

X, Y, Zmmr are the input ITRF Earth centered Carlesian coordinates (meters).
dedydz, d°x, d"p, d" = are ranslations and |beir rates (meters, metersi/vear).
mEIVEZ, #7x, 71y, ¢’z ave rottions and their rates (radians, mdians/year),

S¢ 5°c 1s a scale and its rate (/vear).

The parumeter ;o (vears) is the reference epoch, and t (years) is the reference cpoch
of the mput [TRF coordinates.

North Pole Movement




CHATTER THREE COORDINATE SYSTEM

As a first-order approximation, the Earmh's magnatic field can be modeled as a
simple dipole (like a bar maanet), tilted about 10° with respect to the Earth's
rotation axis (which defines the Geographic Worth and Geographic South Poles) and
centered at the Earth's centre. The North and South Geomagnetic Poles are
the antipodal points where the axis of this theoretical dipole intersects the Earth's
surface. If the Earth's magnetic field were a perfect dipole then the field lines would
he vertical at the Geamagnetic Poles, and they would ceincide with the Magnetic
Poles. However, the approximation 18 imperfect, and so the Magnetic and

Geomagnetic Poles Tie some distance apart.

Like the North Magnetic Pole, the North Geomagnetic Pole attracts the north pole
of 4 bar magnet and so 18 in a physical sense actually a south magnetic pole. It is the
centre of the region of the magnetosphere in which the Aurora Borealis can be seen.
As of 2005 it was located at approximately 79.74°N 71.78°W_ off the northwest coast
of Greenland, but it is now drifting away from Noerth Americe and loward Siberia.

Tectonic plate movement

Tectomic plate movement, or continental drift as it was commonly referred to, adds
another level of complexity to understanding daturn, ‘This 1s because, regardiess of
the Ellipsvid/Spherowd or reference frame, the various landmasses are moving in

relation to each other and in relation to the reference trame.

It 18 perhaps uscful to think of a Ellipsoid/Spheroid and reference frame as
sstablishing a srid over the Farth. Continents move under this prid and therefore the
coordmates of any point will change over tmme, relative 1o the grid.  Australia for

nstance, moves towards the north-east al approximately 7 centimeters per year.,

For accurate work. it 1 therefore neccessary 1o defing a reference time or epoch for
sosilivns established using the Ellpsoid/Spheroid and reference frame. Sometimes
the velocities of control points are also quoted. Tor example, assume the comer of a
minmng lease in Australia was defined using WGS84 coordinates. Il the date of the
survey is nol known and could be anytime over the past 10 years, there is an

uncertainty in the location of the comer of Tem per vear or 0.7 of u meter.

7
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4.1 Introduction

In surveying, observations must often satisfy established numerical relationships
known as geometric constrainis. As examples in a closed polygon traverse, horizontal
angle and distance measurements should conform to the geometric constraints, and in
a differential leveling loop, the elevation differences should sum to & given quantity
However, because the geometric constraints megt perfectly rarely, if ever, the data are
adjusted.

Errors in observations conform to the laws of prabability; that is, they follow normal
distribution theory. Thus, they should be adjusted in a manner that follows these
mathematical laws, Whereas the mean has been used extensively throughout history,
the carlicst works on least squares started in the late sighteenth centurv. Tts carlicst
apphication was primarily for adjusting celestinl observations. Laplace first
mvestigated the subject and laid its foundation in | 774, The first published article on
the subject, entitled method of least squares was written in 1805 by Legendre.

4.1 Fundamental Principle of Least Squares

] 4.2.1 Fundamental Principale Of Equal Weighted Least

The fundamental prmciple of a least squaras adjustment was developed for

observations having equal or unit weights.

D Vi=vievi . +p}=min. (1)

4212  Fundamental Principle Of Weighted Least Sqoares
The fundamental principle of a least squares adjustment wes developed for
ehservations having equal or unit weights. The mare general case of least squares
adjustment 2ssumes that the ohservations have varying degrees of precision, and thus
warying weights,

(4.2)

i z 3 T
Zwl’ =WV W b | WY, T = miin,
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4.23  Using Matrices To Form The Normal Equations

Note that the number of normal equations in a parametric least sguares
adjustment is always equal to the number of unknown variables. Often, the system of
normal equations becomes quite large. But even when dealing with three unknowns,
their snlution by hand is time consuming. As a conseguence computers and matrix
methods as described in Appendixes A through C are used almost always today. In
the following subsections we present the matrix methods used in performing a least
squares adjustment,

4.3 Equal-Weight Leuast Square Solution

To develop the matrix expressions for performing least squares adjustments an
analogy will bhe made with the systematic procedures demonstrated for this
development, let a system of observation equations be represented by the matrix

notation.

AX=L+V (43)
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4.3.1 Weighted Least Square Solution

WAX=WL+WV (4.4)
Lo}
W,

W= |
W

4.4 Least Squares Solution Of Nonlinear Systems

Method of solving a nonlinear system of equalions usmmg a Taylor series
approximation. Following this procedure, the least squares solution for a system of

nemlinear equations can be found as follows:

Step 1: Write the first-order Taylor series approxamation for sach equation,
Step 2: Determine initial approximations for the unknowns in the equations of step 1.

Step 3: Use matiix methods similar to those discussed to find the least squarcs
solution for the equations of step 1.

Step 4: Apply the corrections to the initial approximations
Step 5: Repeat steps | through 4 until the corrections become sufficiently small.

A system ol nonlinear equations that are lingarized by a Tayler serizs approximation

can be written as:
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LR g
& 4, i, "zix, i 21 & T P Y,
& & o _ | dx, Iy = Fix e | v
I=| & &, a, X=1 . K= : L
&rm d}.i'm A, dx, b = s nsalies) v,
- cie, |

Where the Jacobean matrix J contains the coefficients of the linearized vbservation
equations.

4.5 Leas Squares Adjustment Of GNSS Netwarks

Since GNSS networks contain redundant observations, they must be adjusted to
make all coordinate differences consistent. In applying least squares to the problem of
sdjusting baselnes m GNSS networks, observation equations are written that relate
station coordinates 1o the coordinate differences observed and their residual errors.
For line AB, an ohservation equation can he written for each baseline component
ahserved as shown in figure(4-1);

figure (4-1% ONSS neiwork (4]
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Simlarly, the observation eguations for the baseline components of line CD are:

AX v, =X~ X (4.9)
AV +v,, =Y, =¥, (4.10)
AZ . +v, =2, —Z; {4.11)

Observation equations of the foregoing form would be written for all measured

baselines in . The ohservation cquations can be ex-pressed in matrix form as:
AX=L IV (4.12)

Whore:

1 (5] (] i 0 5 ] (5] O Cr (] o
O 1 O O O L6 ] LB i» (%] (%] (& i
0 '8 1 0 i Cr 0 o O O L]
O O o 1 (=] O O o {3 0 [ O
< (4] i} il 1 L4 ] L8 Ly ] LE ] oy (8] (%]
O L ] O LB O 1 L] ¥ e 1 ) L8 )
1 L8 ] O L] r oy L8] o LD ] o Q Lo
O 1 (8] L8] & ] L ] o ] L@ ] O 3 (9]
5 L] 1 (8] O (& LB L] L] 3 Oy o
0 L] O L] 4 ] L6 ] 1 L8] O O O L]
|8 L) o Lo o O O 1 O 0 € (4]
(] O (] o o L& ) O 1 O o0 o
1 O o r O L&) = O L8] O ik )
0 1 (. 9 ] 1 L&) L —_— L0 0 O (& ]
O L8 T ¥ 0 1 L& L8 —3] | o ir ¥
A =] 1) 43 (8] 1 (8] 1 — 1 ) L8 L L4 ] L]
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The numerical values of the clements of the L matrix are determined by
rearranging the observation equations. Its first three clements are for the AX, AY, and

AZ hazeline components of line AB, respectively. Thuse elements are calculated as

follows:

I‘X '—XA + AXay {413:‘
Ly=X, +AX ; {4.14)
Le=X-+ AKX, (4.13)

The other elements of the 1. matrix arc formed in the same manmer as
demonstrated for baseline AC However, before numerical values for the L -matrix
¢letnents can be obtainad, the Xe , Ye. and 7 e geocentric coordinates of all ¢ontrol
pomts in the network must be compuled.

Note rthat the observation equations for GNSS network adjustment are linear and
that the only nonzero elements of the A matrix are cither 1 or -1. This is the same type
of matrix that was developed in adjusting level nets by least squares. In fict, GNSS
network adjustments are performed in the very same manner as level net adjustments.
with the exception of the weights. In GPS relative pesitioning, the three observed

baseline components are correlated. Therefore, a

Cavariance matrix of dimensions 3 * 3 is derived for each base-line as a product of

the least squares adjusrment of the carrier-phase measurements.

The weight matriv for any GPS network 18 therefore a block-diagonal type, with an
mdividual 3 * 3 matrix for each baseline ubserved on the diagonal. When more than
TWo Teceivers are used, additional 3 * 3 matrices are created in the off-diagonal region
of the mialrix to provide be correlalion that exists between baselines observed

simultansously. All other clements of the matria arc zeros.
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4.6 Least Square Solution Of Coordinates Transformation Method

"The transformation of points from one coordinate system to anather is 1 common
problem encountered in swveying and mapping. For instance, a surveyor who works
initially in an assumed coordinate svstem on a project may find it necessary to transfer
the coordinates 1o the state plane coordinate system. In GNSS surveying and in the
field of photogrammctry, courdinate transformations arc used extensively. Since the
meeption of the North American Dutum of 1983 (NAD §3). many land surveyors,
management agencies state departments of transportation, and others have been
struggling with the problem of converting their multitudes of stations defined in the
1927 datum (NAD 27) to the 1983 datum. Although several mathematical models
have been developed to make these conversions, all involve some form of coordinate
transfarmation. This chapter covers the introductory procedures of using least squares
0 compute several well-known and often used transformations. Mare rigarous

procedures, which emplov the general least squares pracedure.

4.6.1 Coordinat Transformation Two -Dimensionna Conformal

The two-dimensional conformal coordinate transformation, also known as the
four-parameter similarity transformation, has the characteristic that true shape is
retained after transformation. It is typically used in surveying when converting
scparaie surveys into a comman reference coordinate system. This transformation is a

three-step process that involves -

% Scaling to create equal dimensions in the two coordinate systems

“ Rotation lo make the reference axes of the two systems parallel

“ Translation s ro create 8 common enpin for the two coordinate svstems

The scaling and rotation are each defined by one parameter. The translations
myvolve two parameters. Thus, there are a total of [our parameters m this
ransformation. The transformation requires a minimum of two points called vontrol
points, that are common 1o both systems. With the minimum of two pomis, the four
parameters of the transformation can be delermined uniguely. If more than two

control points are available. a least squares adjustment is possible.
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After determining the values of the ransformation parameters, any poeints in the

original system can be transformed.
axr, —oy, to=X, +v,
ay, +bhx, +d =Y, + Yot
ax, —hy, + =X, +v,
ay, +bx, +d =Y, +v,
ax, —by +e=X, v,

ay. +br +e=¥F +v (4.16)

AX=L+V (4.17)

Xy % ol U—‘ B B e
¥, X, a 1 | i ?:‘ Vi, |
X o=n 1 0 b—‘ & Xy o]
1R K | e U T Yy Vra
X =i e ] X Ve
-2 AR U] Ye | "}TJ

46,2 Two- Dimensional Affine Coordinat Transformation

The two-dimensional affine coordinate transformation. alsa known a3 the six
parameier transformation, 15 a slight variation trom the two-dimensional conformal
transformation. In the affine transformation there is the additional allowance for two
different scale factors; one in the x dircetion and the other in the v direction. This
translarmation is commaenly used in photogrammetry for interior oricntation, That is,

it is used to transform photo coordinates from an arbitrary measurement photo
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coordinate system to a camera fiducial system and to account for differential
shrinkages that occur in the x and v dircetions. As in the conformal transformation, the
affine ransformation also applies two translations of the origin, and a rotation about
the origin. plus 4 small non- erthugonality correction berween the % and y axes. This
resulis in a total of six unknowns. The mathematical model for the affine

(rang furmation 1=

ax+by+c=X+V, (4.18)

dx+ey+ f=Y+F, (4.19)

These equations are linear and can be solved uniquely when three control points
exist (i.¢., points whose coordinates are known in the buth systems).

This is because for each point, an equation set in the form of Equations (4.21) cun

be written, and three points yield six equations involving six unknowns.

If more than three control points are available, a least squares solution can be

abtained. Assume. for example, that four commaon poimts (1, 2, 3, and 4)
exist. Then the equation system would be;

ax, + by, +e=X, 4V,
de, tev, + [=Y +V,
s+l te=X, +¥V,
de, +eys + =V +V,;
ax, + by, re=X, +¥F,
a, e F =Y +¥,
ax, +iy, be=XK, +V,
de, + ey, te—Y., + I, {4.20)

In matrix notation, Equations (4.21) arc cxpressed as AY= L + V., where:
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[ »n ¢ 0 0] & o S

68 0 6 x » 1| [a] | & ¥aq

Xeo ¥y 0 0 b X Voo

0.0 0w » 1 |ef %] (% (4.21)
e » Lo o0 o |a| x| v '

9 0 0 x ¥ | g Ll s

v 10 0 o |f| |x]| v

(0 0 0 ¥ v 1J V| %

4.6.3 Twan - Dimensional Projective Coordinat Transformation

The two-dimensional projective coordinale transformation is also known as the
gight-parameter transformation. It is appropriate (o use when one two dimensional
coordinate system is projected onto another nonparallel svstem This rransformation is
commonly used in photogrammetry and it can also be vsed 1o mansform NAD 27
coordinates into the NAD 83 system. In their final form. the two-dimensional

projecrive coordinate transformation equations are:

_ax+hy+c

X (4.22)
Gy x+ 0, +1

Y=£+_Eh_.}'+ C
ﬂ'ax+b! =+ ] {423}

Lpon inspection, il can be seen that these eguslions are similar o the affine
transtormation. In fact it and were equal to zero these eguations are the affine
transformation. With sight unknowns, this transformation requires o minimum of four
control puints. I there are more than four eontrol points, the least squares solution can
be used. Since these are nonlinear equations, they must be linearzed the Iinesrzed form

of these of these equations:

~

“E‘\_ hlth:_l.l-lfﬂ‘ll'-:a 'IE:L'I".;‘-!I-' ltl"':' E"‘M%

g o & Paisutine Poigicchnio Untversity

(BEL)
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da,
b,
(ﬁt"- [H"] Eae) E ) ; (ﬂ] [.ﬂ'“—‘ de.
\am j, A\ ), l&l o \a; )\, | da, =
f o= r 3 \ ] y | a5
0 0 0 ._@-] EJ {fii] ('ﬁ AO8 e
LB 5 \ o o Ny, | dy b o, Jod de;
da.
db, |
X% 424)
| 7-Y, | ot
4.64 Three -Dimensional Conformal Coordinat Transformation

The three-dimensional conformal coordimate transformation is alsa known as the
seven-parameler similarity transformation . [t transfers points from one three-
dimensional coardinate system to another. It is applied in the process of reducing data
from GPS surveys and is also used extensively in phato grammetry, The three-
dimensional conformal coordinate wansformation in solves seven parameters, three
rotations, three translations, and one scale factor. The rotation matrix is developed
from three consecutive (wo dimensional rotations about the x, y, and 2 uxes,

respectively, Given in sequence, these are as follows;

X=8S(nx+ryitrnz)+T,

(4.25)
F=8(rx+ry+rz)+ 8 (4.26)
L=8(n.x+ ray+nz)+T. (4.27)

Far a unique solution, seven ¢quations musl be written. This requires a minimum
of two control stations with known XY coordinates and also xy coordinates, plus three
stations with known £ and z coordinates. If there is mare than the minimum number

of control points, a leasl-squares solution can be used,
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- 1 ” : _JF_
[‘% 0 (;Z;’—] %J L 0 o|lda
o ) (o (e e e
l“J ‘—] J [—] 0 1 o|lde3|=|¥-v, (4.28)
*ﬁ L "-:ml. il '\‘ml i .&}1. | dr i
) i " = i
[E- E] lff'?_ [.‘E] 00 1||ar,
rﬂ-‘lﬂ- II'”ﬁl.'u \ Lsh l\w1 | Jd'T

4.7 Helmert Transformation

Local datum’s such as NAD 83 arc known as Farth-centered, Earth-uxed (ECEF)
coordinatc systems. This means that the Z axis is ncarly aligned with the
Conventivnal Terresirial Pole, X axis with the Greenwich Meridian, and the origin ig
at the mass center of the Earth as derived by the datum points used in the dentitian.
International datum's sach as the International Terrestrial Refersnce Frame use the
same dentitions for the axes, origin, and ellipsoid, but differ slightly due to the
difference m the datum points used in its determination. Thus, the rotational
parameters and translations between two ECEF coordinate systems are usually very

small, The scale factor between two datum’s using the same units of measurc should

be nearly 1,
1 8 -0 D Af, -AB
R=|-¢ 1 8 |=I+|-X8, ] A, | =T+ AR (4.29)

The transformation of coordinates from coe local datum to mother datum is

performed as:

X, =sRX, +T (4.30)
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5.1 Introduction

As mentioned in the project timeline, a ficld work is to performed in order to get a
precise GNSS point readings, this work is divided into many stages; exploration of poinis
on the area specified is to be done before the observation of points, also these poinis are

located on same arcas of personal property or it may be doesn®t existing due to the carly

time of 1932 when the point where installed.
5.2 Gelting familiar into using GNSS devices

Using GNSS based devices is roughly known for any researcher ar a smdent of
survey, hence, the use of GNSS static method that was described before is to be practiced
i arder to master the task needed to get the necessary data.

The inital stages of GNSS practical training on the devices is performed uing two
brands of GNSS appararus which arc:

1. Trimble R8
2. Trimbl= 5700

Ultimately, the muin structure of the devices 18 familiar, also using them became

familiar and team is ready for the stage of paint observations, as shown in figure (5-1).

Figure (5-1): RR GMSS vomponents
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5.3 Selection of Poeints

Paints (hut are needed in ones of known and brielly precise 3-dimensional
cnordinates, these are the trigonometric points fixed during the British mandate on

Palexstine.

The actual preparations for setting up & wiangulation system commenced only in
February 1921 after the Survey Department moved to its new home in Jaffa; the survey
began in May 1921The first step was lor the survey parties to lay out geodetic points
throughout the eatire country, 10 measure their walues, and te provide marhematical buses
for the survey nets. The geadetic points required for mapping are classed in three

categories:

1) Fixed points, or rigonometric statons, are determined by ingonometric methods and
st be in sight of sach other for the surveying observations. These imaginary lines form
the sides of the triangles of the observation net. The dala obtained arc the position ol the
points i planimetric coordinates. The elevation of the points is determined in relation to

the datam (reference) level. wlich is the mean sea level (MSL).

1) Spot heights are determined by precise levelling and not neeessarily in relation to the
trigonemetric nel. The topographic heights are meusured in relation to the MSL along
fixed runs in the Geld.

1) Gravimelric points, for the determination of the figure of the Earth.

Ag the points of trigonomerric slations are mostly available with their names and
position vahies, so the points of project network is chosen from these points, a suitable
coverage of an area within Hebron distriet is chosen according o 1he availability of points
and ense of accessibility to them. Figure (5.2) illustrates the distribution of these points

within the arsa of studv.

Table (5.1) also shows the information aboul points” names and coordinates also i

provides the location of the point aceording Lo the nearest town ar eily.
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Figure (3-21; disiribution of points within siudy ares in Hebron dismict
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Tahle 15-1} Selevted netwok puints

Pointinwme)  Kasting(m) Northing(m) Elevation{m) Location
553B 15558017 @ 10142437  9I381 | Dura (Sinjer)
356N 15672287 | 10727128 N7547 Hehron (Looza)
HIF 1422979 9108111 | 64329 Aldshriyeh(Remadeen)
S20T | 15713347 | 113959.94 849,42 Halhoul (Jalz)
asIN 15013528  103756.06 7317 Dura(Homsa)
S97B  160474.73  looseTds | sz | Hebron (Qilgis mL.)
A73N 15540064 9644286 7395 | Yatta (beit Emvra)
I8N ISE184.65 = D1685.62 75237 Yatta (Snrya)
34N 15214428 1106068 56775 Beit Culi
S70T 15609676 11773933 | 58884  Sowif (town center)

5.4 Mcthodology of puint’s selection

|. List of points and their coordinatcs arc obtained from the Palestinian
department of land and survey.

2, Renefiling from an arthophoto of the West Bank, and by conversion of the ba
file of trigs into a shapefile in ArcMap. The location of points can be located.

3. The availability of points are not determined by a theoretical database, so
explaration of the points is the only way to get into points.

4. By using of Garmin handheld GPS, the application of GOTO is used to
explore the paints and to reach them,
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3. A resulring set of 10 points are availuble and explored, so they ate just ready
to be observed.

5.5 List of network points

Each point of the network is described either by coordinates and aerial photos are

listed as follows:

1. Point 3228: this point is located at the hill of Sinjer neighborhood in Dur, it's
located on & rock at the uphill. Figure (5-3) shows an orthophoto for the point
mentioned

Figure (5-3); Point 517R

2. Point 356N: this point is located at the hill in looza neighberhoed in Dura, it's
located on & rock at the uphill under Oak tree. Figure (5-4) shows an
erthophoto for the point mentioned
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Figure [5-4) Poine 356N

J. Pomt 356N: this point 18 located on heat-Oula, it's located between (wo
properties. Figure (5-5) shows an orthophoto for the poinl mentioned

W F

Figure (5-57: Point 347N

4. Point 35IN: this point is located on Dura and it's located on a rock o uphill
of Homsa neighborhoud. Figure (5-6) shows an orthophoto for the point




Figure { 50); Pomi 350N

5. Paint 389N this point is located on Yatta and it’s located on a rock on uphill
1 Sosya neighborhood. Figure (3-7) shows an orthophoto for the point.

Figure (5-7);Point 380N

6. Point 441F: this point is located on Aldabreyeh and it's located on a rock on
uphill near Alramadeen neighborhood. Figure (5-8) shows an arthopheto for
the point menticned.
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Figure (5=81 poiat 44 1F

7. Point 373N: this point is located on Yatta and it's locatad on a rock on
Beietemra Figure (5-9) shows an urthophoto for the point mentioned

Figure (5-9); Point 373N

R, Point $20T: this point is located vn Halhul near Jala streel, Figure (5-10)
shows an orthophoto for the point mentioned.
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Figure (5-10): point $20T

9. Paint 570T: this point 15 located on center of Sourif town on the center of a
cross vault of a house near the main mosque, Figure (5-11) shows an
orthophoto for the pomt.

Figure {5117 point STOT

10. Paint 397 thie point is located on Hebron city at the top of Qilgis mount
south to City center, Figure (5.12) shows an orthopholo for the poinl
mentionad.
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Figurs {5-12) point SeTE

5.6 Mission planning

In plarming to go for using GNSS observation, it’s imporlant to choase a suilable time
that pravides a good results and precise work. Since GNSS depends on the constellation
of the satcllites that affects the DOP, consequently, that affects the quality and accuracy

of observation got, it’s important 10 be in the suitable time and place L measure points.

Many of tasks should be accomplished before heading wilh apparatus to the {ield, and
slanning for GNSS/GPS working session should be performed hefore petting involved in
she field, this can be performed {ollowing several useful and importani tips

1. Firstly, the scope of the region to be measured should be determined, in urder
to decide which points can be reached and in same case that satellite signals
ean reach it without interruption or loss due the nature of the region (may be

congested area, high rise buildings around elc.).

b
I"J

Checking for the satellite constellation during surveying, since that will highly
affect the measurements. Recently, GNSS/GPS rcccivers manulacturers
distribute software that provide information about the available visible
satellites at specific points to be measured, 1t’s presented as a sky plot for the
area to be worked on with the available sarellites and values of DOPs that can

2
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(HAFTER FIVE

make it clear for the sarveyor 10 determine the best time of best constellation,

more satellires and least DOP
3. Checking for the weather foreeast just befure going to field so as to decide
whether is it appropriate 10 wWork under cerain circumstances.

& 7 Data Collection

from GGNSS observation heeds an arrangement for data,

Heading to field to get data
er is used. also an arrangement for

RINEX files that are stored in the memory of the receiv

the data observed is 1o be documented using a data collection cheet as follows on the ncxl
page. Table (5-2)
Tablel5-23:GNSS Point Measurcment Sheet
Point 1D,
Team: Abu-7need Sabateen, Abu-latifa, Date: [ /2013
Al-Juidi.
Instrument: Output File:
GNSS Type: suatic A Hase: A Rover:
Antenna Height
Messurement Start Time
Measurcment Finish Time
pescription of location
Point shot

Palestinian Coordinates system

(TTRE)
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6.1 Introduction:

After we have reconnaissance the points (Trigs)at the previous semester we have
observed each point by using GPS instrument for more than ane hour fipure (6.1)
shows an observed point. After we have finished the observations of all points we

B __.é S '.:,__-:._-:.-L e
Figure{6, 1 ):0bserved point (441F)
have convert the GPS files to rinex file by using the program (Convert To

Rinex) Then we upload this files to Auto Gipsy website, this website give us the
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ITRF(2008) coordinates of the points. Afier that we transform the local Palestinian
coordinates 1o projected Palestinian coordmates by using Geo Transtormation
program, Then by applying helment transformation we find the paramcrers of
trmsformation in order o conoect the Palestnian coondinates to ITRE(Z003)

codrdinates .

6.2 Auto Gipsy:

APPS accepts GPS measurement files, and applies the most advanced GPS
positioning technology from NASA's Jet I'ropulsion Laboratory to cstimatc the
position of your GPS receivers, whether they are static, in motion, on the ground, or
in the air, APPS employs:

# Real-time GPS orhit and clock products from JPL's GIDGPS System.

e JPL'sdaily and weekly precise GPS orbit and clock products.

o JP[’s GIPSY-OASIS software for processing the GPS measuremenis.
APPS continues te provide JPL's venerable Auto GIPSY (AG) service - for free |, for
static posi-processing (e.p. measurcmem latency of a week or more), but also offers

Hew and unigque sctvices:
s Real-time GPS orbit and clock products from JPL's GDGPS Svstem.

s JPL's daily and weekly precise GPS orbit and clock producis.
e JPL's GTPSY-OASIS safiware for processing the GPS measurements,

Figure(6.2) shows how to uplead an nnex file to Aute Gipsy!

Inartrs Posl timnisng
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6.3 ITRF 2008 coordinate:

ITRF 2008 is the new realization of the International Terrestrial Reference System.
Following the procedure already ussd for the I'TRF2005 formation. the ITRF2008
uses as inpul data time series of station positions and Earth Orientation Parameters
(EOPs) provided by the Technique Centers of the four space peodetic techniques
(GPS, VLBI, SLR, DORIS). Based on completely reprocessed solutions of the four
techniques, the ITRF2008 is expected to be un improved solution compared 1o
ITF2005. Table(5. 1) shows the ITRF 2008 coordinates of the points according to Auto
Gipsy calculation service (http: apps.gdps.netiupps_file_apload.php)

Table (6.1) ITRF 2008 coordinates of points according to auto gipsy:

Point( #) E(m) N{m}) Z{m)
t6Eim)| HEN{m) 16h(m)

o 44485676855 3122284,7445 33279659809
+HLU266 + 0.0189 1,32

P 4467864.7195 3119132.4383 3305246.2301
+0.0370 10,0140 +0.0141

- 44497721203 3124402.3732 3324884.9216
+0.0503 00247 #0171

= 44534860860 31311125458 3313757.7130
20,0199 0242 10,0159

. 4453880,2913 3121195,1887 3321874.9661
HL1549 HLOTSE =0,1714

e 4453464.8009 3125281.5228 3319198,6618
10,0399 +LO598 +0,0289

S 4458077.1532 3121696.6952 3316118.2539
i i 006287 +.0269 +=0,0100

4456072.4103 3126946,3606 3314234.2880
5528 0258 +), 0179 240126

T 4458174.2466 3128221.1284 3309893,9461
+0,0374 +0.0392 +0,0137

6.4 Geographic coordinates :

A peodetic datum 15 the tool used to define the shape and size of the earth, as well as

the reference point for the vanious coordinate systems used in mapping the earth.

Throughout time, hundreds of different datums have heen used - each one changing
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with the earth views of the times. Within the World Geodetic System(WGS). there are
several different dalums that have bezn in use throughout the vears. These are WGS

84, 72, 70, and 60 Auto Gipsy website used geodetic systom called GRSB0 with the
following paramelers that are listed in table (6.2)

Table(6.2):paramelers of (GRSEA)

Parameter Yalue(m)
Semi major axis(a) 6378137
Semi minoraxisth)  6356752,3141
Flattening (f) 1:298,257222101

First excentricity(e®) 0.00669438002290

The Geographic coordinates ((FRS80) of points according to Auto Gipsy of the points
are listed in table( 6.3)

Tnble (6.3): Geographic coordinates (GRS80) of points according (o Auto Gipsy:

Point{ #) Lon(deg) Lat{deg) H{m)
17 Lon{m) 16 Latim) +Gh{m)}
ST 35.06359326 31.65200666 609,6782
£0,0126 = 0.0088 =0),0317
hi 3491989644 31.411341690 663.4462
+0.0180 +0.0099 +0.0366
i 35.07456802 316179363341 8683533
0,041 0.0197 20,0378
Rk 35.10990263 314998848000 921.6776
+0.0227 00114 20.0243
3502204579 31.5876263800 5874169
i +0.0898 =0.0933 =0,2058
SR 35059795102 315575931800  RO5.2368
. +0.0633 +0.0148 =0.0421
N 3500101277 31.52580931 748..9729
+0.0238 +0.0162 +0.0287
s 35.05837632 31504860020 933.5242
10,0132 40,0084 +0,0300
aiin 3505665236 31.45993032 758.4460

H)0344 0223 &1L 31
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6.5 Palestinian Coordinate system (Palestinian 1923 Grid) :

By using Helmert method that was explained in ¢hupter four section (4.7) to transtorm
the local Palestinian coordinates to projected Palestinian coordinates and we have the
[ollowing results at table (6.4),

Table(6.4): Palestininn Projeceed Coordinate of points ;

Point # E{m) N{m) Zim)
5T 4448791.5674 31223583.4766 3327694.2194
441F 4468089,1457 3119203.9746 3304974.8240
52T 4449996.5640 31244722335 33246138102
597B 4453710.0587 3131183.4367 3313487.2212
347N 4454104.5263 31212650174 33216036519
IS6N 4433688.9070 3125351.2501 3318927.4218
351N 4458301.7383 3121767.3886 3315847.2546
5528 4456296,2662 31270165720 33139629819
ITIN 4458308.4128 31282918818 33096229585

By using the Helmert method thal was explained in chapter four section (4.7) to
transform the local Palestinian coordinates to Geodetic coordinates (clarck 1880)

Palestinian coordinales and we have the following results at table (6.3),

Table (6.5) Geodetic coordinates (elarck 1880)of poinis

Point # Lon{deg) Latideg) H{m)
5707 35062830943 31651679121 588,90
441F 34.919159997 31.410995243 643.29
5207 35.073811069 31617604027 849.42
5078 35109153773 31.499554584 902.79
34N 35021292509 31.587204971 567.75

- 356N 3£.080043599 31557261929 §75.47
J5IN 35.“0@1554'?; 31.525473918 730,17
5520 35057627477 31504525988 913.81
373N 35.055907088 31.450594269 739,50

6.6 Transformation Parameters ;

After applying helmert transformation equations we have the following seven
parameters in that will be used to connect the Palestinian coordinates to [TRF(2008)

coordinates

69
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The seven parameters arc:

Scale.

Rotation angle around the X axis (w).
Raotation angle around the Y axis ().
Rotation angle around the X axs (k).
Translation of X axis (Tx).
Translation of Y axis (Ty).
Translation of 7 axis (Tz)

g Lo Ao I 5 L

6.6.1 First Iteration:

The first solution include all points applied to helmert equations and the parameters
values are listed m ahle (6.6)

Table (6.6): parameters of transformation:
Parameter value

S 1.000021895

i wset) 1201661327
Y hisee) -9.693480207
kisec) -6,903782457
Tx(m) -02,12292480
Ty(m) 7159912109
Tz{m) -76.71679688

after finding the transformation parameters we calculate the residuals of the points |
table{6.7) shows the residuals of points.

Tabh(6.7): residuals of poinis

= Point # Vx{em) Yy(cm) Vaz(cm)
+ 5707 4.35 58 -15.23
41K 13.62 -33.71 13.68
5528 16,93 5.33 8.38
5078 -23.54 19.26 ' 9.19
5207 7.50 -13.34 -3.24
34N 2537 -18.42 -21.20
351N 26.55 -29,60 -11.14
373N -26.42 11.89 21.31

J86N -11.03 54.90 -2.02
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6.6.2  Final Iteration :

According to the values of the residuals at first solution there are some points that
have values greater than 30 cm(S70T+356N) we make an elimination of this points
and we applying again helmret method in order to find the final transformation
parameters. Table(6 8) shows the final transformation parameters,

Table(6.8): final transformarion paramerers:

Paramefer Value

. © LO00OISTSSTES91
wisec) -11.26085951 34273
disec) | -9.3074520912301
kisec)  -6.063517110M535
Tx(m) | -84.6326293945312
Ty(m) | -B5.69677734375
Tz(m) . -63.2705078125

After we calculate the new the final values of residuals after clminating the points
with high value of residuals. Table(6.9) shows the finale values of residuals.

Table{t.9):final valoes of ressduals:
Paint ¥ Vx{cm) Vyvi{cm) = ‘lr'i{l:m]
 441F B | s | s

552B -16.42 1292 ' 531
5978 =" 26.42 | 4.25
50T 6.98 ' 1.49 9,93
347N TS| -S.42 | 25.06
351N 1392 -20,53 ' -12.54

. 373N . 22526 16.59 ' 19.48
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-3 CONCLUSION
:

7.1 Introduction.

7.2 Conclusion

-
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T.1Introaducton

After finishing all the calculation; we have analyzed the resulis we huve got from
the calculations. We have to eliminated some points from the network and we
have to select a new points according to therr locations,

7.2 conclusion

After the analysis of the results from calculations, we have conchided the
I following results:

1. We developed a network of tha seven caleulation points that was
distributed around Hebran district.

- 2. We have accepted points with regidual less than 30em
3. We have observed nme poinis butl we have element fwo points because
- their residua, were greates than 30 ¢m and those points are .
« 570T
« 256N

4. We have accepted a pomt with residual greater than 30 cm in order 0
cover more area, in the sputhern part of the district,

5. Finglly, we have made the transformation berween TTRF2008 sysiem
and Palestinian coordinate systemiPal 1923 Grid) of the net work in
Hebron district as shown in figure(7.1).

Figure(7.1):Mnal neiwork
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APPENDIA A

A-1 Introduction.

This appendiz shows the point that we have observed in arder to develop the finel

networl,

A-2 observed points,

The following table shows the point thal we have observed in our project 1o develop
the nat work ag shoven in table (A-1).

Table (A-1): observed points.

| Point(name)  Kasting(m) | Northing(m) Elevation(m) Location |

' i

Em 1S5s007 | 10143437 | 913sT Dy (Sinjer)

| 356N I 155722.87 | 0727135 | B7AAT Hesbron (Looze)

@I wmeis | stosia 64329 | mniahﬁy;hfnmm)!
| .

COS0T | 15713347 | 11395994 4942 Hamoul (Fala)
381N i 15013528 | 103756606 | 730.17 DurafHomsz)
T | 160474.73 J 10086746 | 90279 | Hebron{Qilgis m) |
Ay " i3si09 64 I 96442.56 739.5 Yota (belt Emea) |

347N ; 15214428 | 110606.8 |  567.73 Beit Oula
T i 15600676 | 11773923 { 58694 Sourif (town center)
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¢ Point 1D, ST

This poirt was above an mountain and its basic mtbrmation of poims and the
information of the rover and base are installed i lablef A-1):

Tahle(A-Z): point STHL details —,
Team: Abu-zneed Sabateen, Alu-

Date; 22/ 9 /2013
1atifa, AlJaidi |

Instrument: Trimble 5700 i Output File; Rinex 2.11 file
" GNSS Type: static A Base: Trimble 5700 A Rover: Trimbie 3700
- Antenna Meight im
Measurement Start
Q.30 am
| Time 1
. Measurement Finish __
| | 11:00 am
| Time
: Drexcription ol P
| , Above un old boilding |
Iocntion |
Palcstinian Courdinates
Point shot
XK= 44487915674 m

Y= 3122353,4766 m

Z=13327694,21% m
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¢  Point 1. 441F

This paint was sbove an mountain and its basic information of points and the
informarion of of the rover and base are installed in tablef2);

Tabla(A-3): poist #1¥F detulls
Team: Ahu-zneed Sabateen, Abu-latifa,

Date: 3/ 10 /2013
| Al-Jaidi. |
: Instrument: Trimible 5700 | Output File: Rinex 2.1 fifa
. GNSS Type: statie T ABase:Tri mble 5700 A Rover: Trimble 5700
 Antenna Height Im =
‘Measurement Start Time ! z 9:30 am - =
Measnrement Finish Time o 11:00 am
Description of loeation ~ Above an amounting -
~ Palestinian Coordinates system | . T I
Point shor

(ITRE)

X=4408089.1457 m
Y= 3192039746 m

£- 3304974 8139 m
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* Point ID, 20T

This poinl was above an mowtain and s basic wformation of points aod the
information ol ol the rover and base are installed in tablef 3):

Table(A-d): point S20T derails .
| Team: Abu-meed Sabateen, Ahn-latifa,

Date: 10 f 10 2013

Al-Taidi.
| Instrument: Trimble 5700 Output File: Rinex 2.11 file
" GNSS Type: statie A Base: Trimble 700 A Rover: Trimble 5700
|

’ Anterma Height ' Im

Measnrement Start Time | 11:00 am
!__' ensurement Finish Time | 1:00 pm
| Deseription of loeatinn Abave an amounting

Palestinian Coordinates system
(ITRF)

PPoint shot

= 44409062640 m

| ¥=3124472.2335 m
[

Z=3324612.8102 m
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» TointID___ S97B

This peim was above an mountain and ils besic information of poinis and the
inforeation of of the rover and base are installed in tabls(4):

Tahle{ A-5): pnint 5970 detalls
Texm: Ahu-zneed Sabateen, Abu-latifa,

Date; 10 /10 2013 [

' Al-Jaidi. |
Instrument: Trimble 5700 Chatput File: rinex 2.11 file
(GNSS Type: static A Base: Trimble §700 A Rover; Trimble 5700
| Antennn Height I 1m
Measurement Start Time | ' 11:00 am
Measurement Finish Time ~ 1:00 pm
Descriptinn of Incation Above un nmuunting 21
Palestinian Coordinates svstem | i
Point shuet

(ITRF)

= 44537100587 m

¥= 31311834367 m

£=1313487.2212 m

74
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« PointID._ 347N

Ihis poirt was above an mountain and its basic informaton of points and the
mivrmation of of the rover and base wre ingralled iy fablai sy

Team: Ahu-zneed JSabateen, Abun-latifa, -
Date: 15/ 10 /2013 |

Al-Taidi,
Tustrument: Trimhle 3700 | Output File: rinex 2,11 file |
 GNSSType: static | A Base: TrimbleST00 | 4 Rover: Trimbie 5705 |
Antenna Helght J Im |
_mﬁe_m_eﬂﬁﬁ Time |_ 10:00 am |
Measnrement Finish Time : [1:30 am i

| Dem:ri']'.iﬂmr. of locatinn

Above sn amu_unﬂng__ . |
|

i Palestinian Coordinates svstem |
Painl shot

(ITRF)

X=4454104.5263 m
Y=31212650174 m

£=133216013.6519 m

80
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+ Point ID,___ 256N

This poinl was gbove an mountain and ils basic informetion of points and the
milormuation of of ke rover and base are mstalled i teblels):;

Tabled A=T): paing 356N deralls

Team: Abu-zneed .Sabateen, .-‘\hn-i;tif:: i
Date: 20 7 10 72013

Al-Jaidi.
B Instrument: Irimble 5700 Outpnt File: rinex 2.11 file
GNSS Type: static A Base: Trimhle 3700 A Rover: Trimble 5700
Antenna Height 2 =
Messurement Start Time  0aAam
* Measurement Finish Time 11:30 pm
Deseription of loeation Ahave an Hmﬁumhg .-

Paleatinian Coordinates system

(ITRF)

Paint shat

K= 44536889070 m
Y=71123351.2501 m

Z= 33180274228 m

Bl
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* PointID__35IN

This point wes above an mountain and its basie information of points and the
miormation of of the rover and base are installed in table(7):

'l'nhit[i&-f}: point 35IN detuils -
Team: Abu-rnced Sabareen. Abu-latifa,

|
Dates 27/ 10 72013 I
|
|

AlJaldl
Tnstrument: Tromble 5700 I Output File: rinex 2.11 file
 GNSBTwpe: sitic. | A Base: Trimblo 5700 A Rover: Trimbie 5700 |
Antenna Height Tt e . |
 Measurement Start Time = C 10:00 sm s

Measurement Finish Time | = | 30w 00
Description of location | ~ Ahavesmn Hmm_m_l:ing— 1
Palestinian Coordinates system i - | '

Point shot
(1TRF)

XN=4454104.5265 m
¥- 3212650174 m

F=3318027 4227 m
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« PointID, __ 5352B

This pire was above an mouniain and iis basic information of peints and the
infarmations of of the rover and hase are installed (n table( ).

_Table{A-9): point 5528 detuils
Tenm: Abhn-mnecd Sahateen, Ahu-latifa,

Bater 5 /V1E 2203

Al-Jaldl,
Tnstrument: Trimble 5700 Output File: rinex 2.11 file
CNSS Type: stalic | A Buse: Trimble 5700 | A Rover: Trimblo 5700
~ Antenna Height - 2m |
Measurement Start Time 10:00 am
Measurement Finish ‘Time 11:30 am .
Description of location | -~ = Ahave an amounting - |
Palestinian Coordinafes system | = I
Polnt shot
| (ITRF)

X=456296.2661m

Y=3127016.5720 m

F=33130967. 0818 m
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« Foint 11}, A73N

This peint was ahove an mountain and s basic information of poits and the
information of of the rover and hase are installed in tahle{*}:

_'['?!JI;:_: ._1-1':!}: goiu!. 3TN IE;ENH_S_ T
Tenm: Ahn-rneed Sahateon, Abu-latifn,

Al-Jaidi.

GNSS Tape: static

Antenns Height

Measarement S Girt Time

 Measurement Finish Time

Diescription of location

* Palestinian Coordinates system

(IIRL%

X= 4458304 4128 m
Y- 31282918818 m

F=23309622.9585 m

Iﬁﬂtru!n‘t;t: Tiimhlz *.';Tﬂﬂ

Dake: 12 1011

A Basc: Trimble 5700

Im

10:00 am

#2013

_Eh:t_p ut File: rinex 2.11 file

A Rover: I'rimble 2700

1130 am

Above an amo unting

Point shot

B4
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