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Abstract

Global Navigation Satellite Systems (GNSS) become the main observation technique of the
surveying work. Almost, it takes place the traditional methods because of its ability to do the
surveying work economically, effectively and rapidly. The Real Time Kinematic (RTK) is a basic
technique for topographic and engineering surveys. The common issue with RTK measurements
in civil projects is the difference in the surfaces used for design and that used for measuring.
While projects are designed on ground, the RTK measurements are done on flat (Grid) surface.
This cause a problem for engineering drawings and project implementation. For compatibility
between design and measurements, a conversion of distances from grid to ground or vise versa
should be performed. In this paper, three approaches to solve the linear distortion problem are
investigated. These approaches include applying scale factor, using control points and designing
Low Distortion Projection (LDP) surface. To achieve the research goal, the coordinates of 13
check points were computed and adjusted after total station measurements of the traverse that
connect these points with one control point. The traverse stretched for about 1400 m in the east
west direction which affected by projection. The coordinates of the check points were obtained
again through RTK_GPS measurements considering the control point as base station. The three
solution approaches were utilized, and the results were analyzed. The Root Mean Square Error
(RMSE) of relative position of points were 2.3, 2.8 and 3.2 cm when using control points, scale
factor and LDP respectively. The RMSE of the absolute positions were 3.8, 13.3 and 13.4 cm.
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1. INTRODUCTION

Real Time Kinematic (RTK) positioning is a GPS observation technique in which the corrected
coordinates of a rover receiver point are determined with the help of a reference point of known
coordinates occupied by a base receiver [1]. It uses the same static GPS principles, but the
corrections are sent from the base to the rover receiver through a communication protocol to
enable determination of rover corrected coordinates at the time of measuring [2]. The ability of
RTK technique to obtain coordinates instantaneously and accurately make it widely used in
surveying and engineering applications [3] and [4]. The cost reduction and ease of use of RTK
techniques enlarge its customers in the surveying field [5] and [6]. Lowering field operation crew
and steps, decreasing the number of traverse and control points make the RTK technique the
best compromise between usability and accuracy [7].

Many researchers study the accuracy of RTK positioning technique comparing to total station and
traditional static GPS. Reference [8] stated that RTK technique is more practical, fast and can
produce accurate topographic maps. Reference [9] achieved 1 cm accuracy in horizontal
coordinates while reference [10] achieved 2 cm accuracy in vertical coordinates. The same
results were stated by [11]. Reference [12] stated that errors within 9 mm in horizontal and 15 mm
in vertical has been gotten when RTK accuracy tested. Reference [13] concluded that they
achieved a 2.5 cm accuracy. Reference [14] investigated the time required for accurate RTK
observations and they concluded that 1 minute is enough for short base lines and 2 minutes or
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more is needed for long baselines. The greatest difference from the mean was observed to be 5
cm in horizontal positioning and 20 cm in vertical positioning. The previous researchers didn’t
explain how they compare the RTK and Total Station (TS) measurements while they are
performed on different surfaces. Another drawback of previous studies is most of results derived
from measurements performed in small sites and short ranges.

The research objective is investigating the accuracy of three approaches to transform RTK
measurements form grid to ground in a wide study area of about 296000 m2 and the distance
between base and rover extend to about 1400 m.

2. DATA ACQUISITION

This research is concerned to check the accuracy of approaches used to convert RTK
observations from grid to ground. The coordinates of 14 points connected through closed loop
traverse established in the King Abdulaziz University (KAU) campus as shown in figure (1) were
determined using total station and RTK measurements. The points were chosen in sky free
locations where GPS receiver can be setup. Point S177 is a control point established by Jeddah
Municipality, used as reference point for total station measurements and as base station for RTK
observations. The instrument used in traversing was Topcon total station GPT-7501 with distance
accuracy of 2 mm + 2 ppm and angle accuracy of 1 sec. The traverse misclosure error was
computed and adjusted consequently the adjusted coordinates of the check points were
determined. The traverse precision was 1:34000 which meet the standards of high accurate
surveying works. For RTK observations, two Topcon GR3 geodetic receivers were used. The
observations were performed with epoch interval of 5 sec., mask angle of 15 and observation
duration of 3 minutes at each point.
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FIGURE 1: The Accuracy Assessment Check Points.

3. GRID TO GROUND APPROACHES

The difference in distance between projected (Grid) coordinates obtained by RTK measurements
and the true horizontal distance measured at Ground surface could cause problems for various
engineering plans and surveys. This problem is known as linear distortion. There are some
methods to minimize the effect of this problem because it cannot be eliminated. The accuracy of
three approaches deal with linear distortion will be study in this research. These approaches are:
scale factor, control points and the Low Distortion Projection (LDP).
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3.1 Scale Factor

The GPS observations are done on a flat surface or Grid while engineering projects are designed
and implemented on ground surface. The distances between points are not the same on those
surfaces as shown in figure 2. Transform distances pass through two steps, one to transform
from grid to ellipsoid and the second from ellipsoid to ground. Each step requires its own scale
factor.
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FIGURE 2: Distances and Surfaces

The scale value that used to convert distances from flat surface (Grid) to curved surface
(ellipsoid) is known as scale factor (SF). The scale factor at each point can be determined
utilizing equation (1).

scale factor = Ko+ 1.23 (E-500000)2x10-14 Q)

Where:
ko= Grid scale factor at central meridian (0.999600)
E= Easting coordinate of the point

As scale factor has a distinct value at each end of the distance, a compromised or effective scale
factor (SFefr) is calculated using equation (2) [15]. The ellipsoidal distance can be determined by
dividing grid distance by the effective scale factor.

cp  — SEat 4SFy + SF,

eff 6 (2)
Where:

SFa :is the scale factor for one of the points,

SFy :is the scale factor for the other point

SFab :is grid scale factor for the point midway between the two points.

To convert distance from ellipsoid surface to the ground surface it is divided by the Elevation
Factor (EF). The Elevation Factor (EF) is the change in distances between these two surfaces
because of their distant from the center of the earth. Equation (3) can be used to determine the
elevation Factor.

EF=R/(R+hay) (3)
Where:

R= Mean earth radius
haw= Average ellipsoidal height
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To transform grid distance directly to ground distance a Combination Factor (CF) is used. The
Combination Factor is calculated using equation (4).

CF=SFer . EF (4)

3.2 Ground R eference Points

For this approach, two or more control points with both grid and ground coordinates are needed.
These control points are used to determine the transformation parameters explained in Figure (3)
and Equation (5) [16]. The ground coordinates could be calculated from RTK measurements
using these transformation parameters. Point (S177) and point (G ) are used as control points.

o Vv
y A y A /4
v sin 0 1 s 6
''''' ¥ U
-
@ it
» 1 cos 6
S v .
-
L 5
: >
i 0 x!
u
Iy x

FIGURE 3: Rotation and Translation of Axes.

The transformation equations could be drived using Figure 3. The X', y’ coordinates obtained by
rotating and scaling u, v coordinates and x, y coordinates obtained by adding translations tx and

ty.
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3.3 Low Distortion Projection (LDP)
Low Distortion Projection (LDP) is a custom designed projection to enable the direct conversion
of GPS observations from grid to ground. The purpose of LDP is minimizing linear distortion and

ensure compatibility with surveying datasets [17]. Reference [18] summarized the six steps of
designing LDP.

Q)

According to [17] and [19] a Low Distortion Projection (LDP) was designed with the following
parameters:

T WGS84 was selected as the reference datum
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1 Create a projection surface that is tangent with the average ellipsoidal height of the
project area.
1 The ellipsoidal distance is scaled up using inverted elevation factor(k
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