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Abstract

The GPS navigation measurements become more widely used in many civilian and
scientific application. All GPS navigation data holds many errors, the main error sources
arise from the geodetic Datum variation when user apply the GPS measurements with the
map. Geodetic datums define the size and shape of the earth and the origin and orientation of
the coordinate systems used to map the earth surface. In this paper, the Datum transformation
was evaluated in two mathematical methods to overcome the errors due to the difference
between the WGS-84 and our country Datum Clarck-1880. The results was evaluated and
investigated using Carmin GPS device for GCPs comparison, topographic map for Hilla city,
mid Iraq 1:100000 scale, and two georefrencing ETM+ & TM satellite images. The spatial
transformation error was less than 10 meter for UTM projection & less than 1 sec for (O, A)
projection, which can considered as suitable results in transformation calculation All results
were overcome using two written program for each method with the help of Matlab facility.
GPS: Global Positioning System, GCPs: Ground Control Points

1. Introduction

Geodetic datums define the size and systems used to identify positions in
shape of the earth and the origin and geographic information systems, precise
orientation of the coordinate systems used positioning  systems, and navigation
to map the earth. Hundreds of different systems. The diversity of datums in use
datums have been used to frame position today and the technological advancements
descriptions. Datums have evolved from that have made possible global positioning
those describing a spherical earth to measurements with sub-meter accuracies
ellipsoidal models derived from years of requires careful datum selection and
satellite  measurements, [1]. Modern careful conversion between coordinates in
geodetic datums range from flat-earth different datums, [4]. The differencing
models used for plane surveying to between different Earth Datum depend on
complex models used for international the values of major axis of Earth ellipsoid
applications which completely describe the a. This axis value generate different values
size, shape, orientation, gravity field, and of the flattening f and eccentricity e,
angular velocity of the earth. While which can be given as following, [5];
cartography, surveying, navigation, and b b2
astronomy all make use of geodetic f=1-— e=,1—— 1
datums, [2]. a a

where; b is the minor Earth axis.
table 1 shows the values of a, and f for
most famous Datum, according to [3].

Referencing geodetic coordinates to
the wrong datum can result in position
errors of hundreds of meters, [3].
Different nations and agencies use
different datums as the basis for coordinate
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Table: 1 Some Famous Datum Major
Axis and Flattening Values

Datum a (meter) f
Everest 1830 6377304 1/300.8
Bessel 1841 6377397 1/299.2
Clarke 1866 6378206 1/295.0
Clarke 1880 6378249 1/293.5
Hayford 1910 6378388 1/297.0

Krasovskii 1938 6378245 1/298.3
Hough 1956 6378270 1/297.0
Fischer 1960 6378166 1/298.3
Kauln 1961 6378165 1/298.3
Ficher 1968 6378150 1/298.3

WGS-84 6378137 1/298.2

2. Rejoin of Interest and Available

Data
The rejoin of interest represent the
Hilla city center of area 1344 sq. Km,

Upper Left Point, LL 32° 38" 59.28", 44°
8" 16.8", Lower Right Point 32° 18°

10.317, 44° 44" 48.01". The available data
are two satellite images for above region
ETM+ & TM sensors, the first was
georefrencing due to UTM projection, and
the second image was georefrencing due to
geographic projection, (®, A). Both
images was registered according to WGS-
84 Datum, which was coincide with the
GPS Datum measurements. Also, a map
of scale 1:100000 represent Hilaa city
center was used to pick up the ground
control points in both UTM , and (®, ))
projections. The reasons for selection this
region of interest was referred to the data
availability. The two images and
topographic map are shown in figure 1.
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Figure: 1 of interest, A,

region
topographic map, B, ETM+ image, and
C, TM image

3. GPS

Overview

GPS was funded and controlled by
the U. S. Department of Defense (DOD).
While there are many thousands of civil
users of GPS world-wide, the system was
designed and operated by the U. S.
military. GPS provides specially coded
satellite signals that can be processed in a
GPS receiver, enabling the receiver to
compute position, velocity and time, [ 6].
The GPs system consist of three segments
which can describe as following; 1. (Space

Navigation  System
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Segment), The Space Segment of the
system consists of the GPS satellites.
These Space Vehicles (SVs) send radio
signals from space. The nominal GPS
Operational Constellation consists of 24
satellites that orbit the earth in 12 hours.
There are often more than 24 operational
satellites as new ones are launched to
replace older satellites. The satellite orbits
repeat almost the same ground track (as
the earth turns beneath them) once each
day. The orbit altitude is such that the
satellites repeat the same track and
configuration over any point
approximately each 24 hours (4 minutes
earlier each day). There are six orbital
planes (with nominally four SVs in each),
equally spaced (60 degrees apart), and
inclined at about fifty-five degrees with
respect to the -equatorial plane. This
constellation provides the user with
between five and eight SVs visible from
any point on the earth. 2. (Control
Segment), The Control Segment consists
of a system of tracking stations located
around the world. The Master Control
facility is located at Schriever Air Force
Base (formerly Falcon AFB) in Colorado.
These monitor stations measure signals
from the SVs which are incorporated into
orbital models for each satellites. The
models compute precise orbital data
(ephemeris) and SV clock corrections for
each satellite. The Master Control station
uploads ephemeris and clock data to the
SVs. The SVs then send subsets of the
orbital ephemeris data to GPS receivers
over radio signals. 3. (User Segment), The
GPS User Segment consists of the GPS
receivers and the user community. GPS
receivers convert SV signals into position,
velocity, and time estimates. Four satellites
are required to compute the four
dimensions of X, Y, Z (position) and Time.
GPS receivers are used for navigation,
positioning, time dissemination, and other
research, according to [1].

The navigation of point on an Earth

surface denoted as (Xv-Yo-Z.) depend on the
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concept of "Time of Arrival TOA". All
GPS measurements customaries in the
WGS-84 Datum. This system considered
the center of Earth as the system origin,
and any point in the space, on Earth
surface, or wunder the earth surface
(X.Ye:Zu) can be measured in this system
coordinates with respect to origin, [6]. The
GPS navigation equation for finding the
Coordinates of any point <..Ys.Z) | (user
position) in the WGS-84 system can given
as, [6];
(X =X )2+ =Y +(Z,-Z2,)’ = (R -C,)*

2 (X, =X+ (Y, =Y,)* +(Z,~Z,)* = (R, -C,)
(X3= X))+ (Y5 =Y,)* +(Zs—Z,)* = (R, —C,)?
(X47xu)2+(Y4 7Yu)2+(z4izu)2:(R47Cb)2
Where;  (X,,Y,2),(X,, Y5 Z,)eerveeees (X4 YarZ,)s
represent the coordinates of the four
navigation space satellites in the WGS-84
system.
(X,.Y,,z,) »the user position coordinates.

R R,; the distance between the GPS

antenna and each space satellite.
Cy; is time correction factor.

4. Mathematical Transformation

and Results Analysis

The Datum transformation was
evaluated in two mathematical methods,
the methods can be summarized as
following;
4.1. Direct Transformation, the direct
equations between the GPS antenna
coordinates in the Datum, WGS-84 and
geographic coordinates in any Datum
system was used to overcome the

transformation. The GPS antenna vector U
(X,.Y,,z,) in WGS-84 Datum can be

calculated from any direct (®, A), (Latitude
, Longitude), and highest h can be given
as, [3];

acos 4 +bcos A cos @

Ji+(1-e?)tan? @ 3

asin A
1+(1-e®)tan* @
a(l-e?)sin®

vi1-e?sin? @

+bsin Acos®

+bsin®
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for each GPS navigation measurement, the

U vector was found, therefore, the
transformation for new (®, 1), and h in any
new Datum system can be found according
to the following equations set with
different values of a for each Datum
system , see table 1, according to [3].

2
D = arctan[ﬂ}
r
h=U@-

A = arctan[ A ] )
X av

r=yX2+Y? U =(r—e’r)? + (1-€%)Z?

V= \/(r —e’r)+(1-e%)Z?

2 2 2
L= pe r+ laz(l_'_i)_u_lprz
1+Q 2 Q QA+Q) 2
Q=,1+2ep
o F

3(s +é+1)262

3:3\/1+c+\/c2+2c

e‘Fr? 4

G4
where; G,F, and E? can be given as
following;

G=r’+(-¢e")Z’-¢e’E’
E2 - 52 _p? 5

C =

F =54b%Z?

The results obtained using this
method were hold some second errors
when it compare with the GCPs
coordinates from the map, (Reference
Data), after transformation of the TM
GCPs coordinates, (Input Data). Note that
the 1 sec. in (P, 1) projection equal to 25
meter on ground in our country. The TM
image of Hilaa was used to pick up the
GCPs coordinates (®, ) in WGS-84 for
many Road intersection and River
boundary in the city, see table 2, the WGS-
84 GPS, Inp. The TM image was covered
all Iraq area, (Mosaic Image), therefore,
the coordinates system (@, A) of this
image was investigated with Garmin GPS
device in many navigation points taken in
Baghdad University area. The results of
image and GPS was the same, this was
true because they are in the same Datum.
The transform was applied for our country
Datum Clarck 1880, with a=6378249
meter, and f=1/293.5. The result was given
in table 2, Calculated Coordinates, and it
appear there are some error in using this
method, but this method give a direct and
easy calculation, it was evaluated using the
written Matlab program.

Table: 2, The GCPs Editor for Direct Transform

GCPs Editor No. 1
GCP# WGS-84 GPS, Inp. (@, 1) Clarck 1880 Map, Ref. (@, 1) Calculated Coordinates (®, A)
® N Deg. Min. LE DN LE ®N LE

Sec. Deg. Min. Sec. Deg. Min. Sec. Deg. Min. Sec. Deg. Min. Sec. Deg. Min. Sec.
1 32°29° 55.54" 44° 25" 16.83" 32°29° 54317 44°25"16.82" 32°29°42.63" 44° 25" 33.50"
2 32°26°36.86" 44° 25" 446" 32° 26 36.86" 44° 27 847" 32°26° 54.95" 44° 27" 19.63"
3 32°27°19.85" 44°21"42.78" 32° 27" 19.0" 44° 21" 42.67" 32°27°10.19" 44° 21" 27.81"
4 32°30" 11.53” 44° 21" 42.66" 32°31°28.04" 44° 21" 51.80" 32° 317 40.22" 44° 21" 38.72"
5 32°32°18.30" 44° 24" 45.32" 32°32°17.53" 44° 24" 45.36" 32°32"61.17" 44° 24" 63.73"
6 32°23757.84" 44° 197 28.38” 32°23757.19" 44° 19°28.7" 32°23723.32" 44° 19" 75.44"

4.2. Transformation
Square Criteria

A first order polynomial
transformation was applied for both UTM,
and (®, A) projections by use the GCPs
fitting Least Mean square Criteria. For the

using Least Mean
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same region of interest, the TM image was
used to pick up the GCPs coordinates (@,
L), the ETM+ image was used to pick up
the UTM coordinates for the same GCPs.
These UTM & (®, A) coordinates system
considered as GPS input data because the
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two image were rectify according to WGS-
84 Datum. The topographic map was used
to pick up both UTM, & (®, A) coordinates
system considered as reference data, see
table, 3.

Mathematically, the LMSC
algorithm can be summarize using the
matrix notation for n GCPs or
measurements according to [7]. For first
order polynomial transform and for 2-D
data, the transform equation given as;

Clo = a'o +a1*C1in +a2 *Czin
C2,=b, +b *C1, +b,*C2, 5

where; R=[a, a a] , Q=[b, b b]are
the transformation matrix coefficients.
ci,c2,, are the output coordinates system

(calculated), and c1, c2, , are the input

coordinates system.

For the purpose of LMSC algorithm, the
transform was evaluated using matrix
notation as following, [8];

in !

R=(D"*D)**D" *K
Q=(D"*D)*'*D' *L 6
where; D is input matrix, (from Images),
given for N GCPs as following;

1 Xlinl X2in1
D=[1 X1, X2, 7
1 X 1inofn X 2inofn

K, and L, are the reference vector matrices,
(from Map), given for N GCPs as;

Xll"efl

XlrefZ
| X1, |
(X 2, ] 8

x 2
| <2, |

Note: the Input GPS and Reference Map
data are given in the following table, 3;

L —

ref 2

Table: 3, The GCPs Editor for Transformation using Least Mean Square Criteria

GCPs Editor No. 2
WGS-84 GPS, Inp. Clarck 1880 Map, Ref.
@, %) UT™ @, %) UTM
GCP# De(f:]l.) |\l\/l|in, De; K:/nn, E meter N meter R’;“l:l;:% Deg)T llf/lin. meEter mé\'lter
Sec. Sec. Sec.
! T | I | assean | ssosses | 220 | AT as000 | 3595850
2 PA| Z | assesa | aseors | 2200 | 4FIT | assi00 | 3589800
3 el | W2 | aso02s | ssonoe | LT | WAL 440400 | 3590800
4 I WA | asoosa | aseeses | 2OV | 2T | as0s0 | 3508550
5| wao | say | e | oo | TS| G500 | ass00 | 3000050
6 Vv | ae | asearr | sssasos | 0| MUY 436300 | 3588300

The transform was applied using 6
GCPs with accurate selection which
represented the main Road and River
boundary in the city. The reason for select
this number of GCPs referred to order of
transform, i.e. if the No. of GCPs increase
than the twice minimum No. of transform,
(only 3GCPs), the fitting go to generate
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large error in transformation process. The
transform was applied for the two
coordinates system using special program
in Matlab facility. The output result in
both UTM and (®, A) are given in table 4.
The total root mean square error was less
than 10 meter for UTM, and less than one
sec. for (@, M), see table 4.
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Table: 4 Transformation Result and Errors

Calculated Coordinates Errors
GCP#
UTM (@, ) UTM (@, 3)

E meter N meter @ .N » E E N ®N LE

Deg. Min. Sec. Deg. Min. Sec. meter meter Sec. Sec.

1 445909 3505856 prsd w +9 6 691 | 172
2 445712 | 3589802 ol war +12 w2 | -064 | -036
3 440413 3590800 o gy +13 0 305 | 12.45
4 440540 | 3508532 S o 10 18 | 221 | -303
5 445800 | 3600054 v e 0 w4 | 532 | 1021
6 436308 3588285 oo poiid +8 15 | 699 | 005

Total RMSE for UTM =5.83 meter
Total RMSE for (&, 1) =0.98 sec.

5. Conclusion
The following points summarize the

main features on this paper;

1. The geodetic Datum describe the
mathematical model for projection the
global surface to flat one.Therefore,
work with different Datum Make some
hundred meter error in measurement.
The aim of this paper is to estimate
methods to transform the Datum to
avoid errors.

2. The GPS navigation measurements was
built on the WGS-84 Datum, where the
topographic Maps of our country was
built on the Clack 1880 Datum.

3. The work involve estimate two methods
for datum transformation, the direct
method, for transform (®, A) projection
only, second was the transformation
according to LMSC & GCPs fitting, for
both UTM and (@, A) projections. The
methods were evaluated through two
written program in Matlab facility.

4. The first method hold some few seconds
error, where each second represent 25
meter in our country, but it is simple
and direct in use.

5. The second one, was low amount of
errors. The spatial transformation error
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was less than 10 meter for UTM
projection and less than 1 sec for (@, &)
projection.

The last transform method involve the
best and carefully selection of GCPs
among the image and map.
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