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Abstract

In September 2019, the Dubai Municipality of Dubai Emirate, the United
Arab of Emirates, has received its first Scintrex CG-6 Autograv gravity meter.
This paper describes the installation and initial gravity signals with the new
CG-6 Autograv gravimeter. Two gravity field sites have been selected at Du-
bai City and Hatta mountainous area. The relative gravity field measurements
have been recorded for about one month time span; two weeks at Dubai and
two weeks in Hatta. Among different effects reducing the gravity measure-
ments, the tide and drift corrections have been focused on within this paper.
Two tidal models have been applied to reduce the tide effect based on the au-
tomated ETGTAB of the CG-6 gravimeter and ETERNA3.3 software. The
results regarding the tide correction show very small discrepancies between
both models (ETGTAB and ETERNA3.3) of about 2.2 pGal and 2.6 pGal in
terms of standard deviations at Dubai and Hatta gravity stations, respectively.
So, the outcome of the precise tidal model of CG-6 Autograv gravimeter is re-
liable for tidal reduction within Dubai area and its surroundings. Regarding
the drift correction, the CG-6 Autograv provides low instrument drift values
about 2.44 puGal and —2.35 uGal per day for the Dubai and Hatta stations, re-
spectively. Furthermore, it is recommended that the Hatta gravity station
would be considered as a stable and trusted gravity site. For Dubai gravity
station, the gravity observations are affected by some noises from traffic ac-
tivities while recording the gravity signal during the working days. Therefore,
it is recommended for Dubai gravity station to be measured during the week-
ends and at nights in order to avoid any noises affecting the CG-6 gravimeter.
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1. Introduction

In the Geodesy and Hydrographic Survey Section of Dubai Municipality (DM)
located at Dubai Emirate, the United Arab of Emirates (UAE), precise ground-
based measurements are quite important for establishing the DM’s vision and
mission. Creating an excellent city that provides the essence of success and
comfort of living is the DM’s vision. Working to plan, build, design and manage
the municipal infrastructure and other related facilities and services through the
appropriate investment in our human and other resources is the DM’s Mission.
This can be performed through accurate measurements which accordingly re-
quire accurate devices to achieve the related service. For this goal, the DM has
purchased the recent generation of the relative gravimeters; namely the Scintrex
CG-6 Autograv gravity meter (gravimeter) manufactured by the Canadian Compa-
ny SCINTREX [1] to obtain accurate gravity measurements.

Prior to the CG-6 Autograv, there were other Autograv instruments. The first
fully automated relative gravimeter (Autograv) has been initiated since 1984,
when the Canadian company Scintrex Ltd. (Concord, Ontario) has developed
Autograv CG-3 [2]. The Scintrex CG-3 Autograv was followed in 1990 by
CG-3M ([3] [4] [5]) for mineral exploration, oil and gas exploration and micro-
gravity and geodetic applications. In 2005, a new generation, namely Scintrex
CG-5 Autograv [6] with a reading resolution of 1 pGal (1 pGal = 10™® m/s’) and
a worldwide measurement range of over 8 Gals has been developed. We have to
mention here that the unit of gravity is m/s” in the SI (System International) and
in the cgs (centimetre gram second) system is Gal unit (1 Gal = 1 cm/s?, named
after Galileo Galilei (1564-1642)) for gravity measurements. The findings of our
paper will be given in uGal unit which is preferable for regional and local gravity
survey.

A new design, Scintrex CG-6 [1], is in the market since 2016, whose reading
resolution reaches 0.1 uGal. Unlike CG-3 and CG-5, the CG-6 is supported by a
7-inch tablet computer, which is prepared for field use with Windows 7 (32 bit)
as well the “LYNX LG Land Gravity” software to allow the observer to monitor
and control the measurement remotely during the data capture. In October
2019, the Dubai Municipality became the first relative gravimeter of type Scint-
rex CG-6 Autograv in Dubai Emirate, the UAE.

The CG-6 Autograv as shown in Figure 1 is placed on a pillar in the basement
of the Dubai Municipality. Figure 2 shows the location of two gravity stations;
Dubai and Hatta, where the CG-6 will continuously measure the gravity field
differences. The acquired local data from CG-6 will serve in combination with
globally available satellite data for the derivation of accurate gravity field models
of Dubai city specifically and the United Arab of Emirates.

In this article, practical experiences of the first the CG-6 Autograv Gravity
meter in Dubai Emirate, the UAE are described. In the following, a short review
about the hardware and software characteristics of the CG-6 is outlined in Sec-
tion 2. In Section 3, the installation and test measurement are described. Section
4 discusses the initial results. Finally, conclusions are provided in Section 5.
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(a) (b)

Figure 1. (a) The Scintrex CG-6 Autograv as given by Scintrex webpage and (b) as finally
installed on a concrete pillar at the Dubai Municipality.
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Figure 2. Topographic heights map [in meters] showing Dubai and Hatta gravity stations
at Dubai Emirate, the UAE.

2. Characteristics of CG-6 Autograv

Basically, the principle of CG-6 Autograv is based on zero-position elastic spring
gravimeter, which has a proof mass located in the middle of a capacitive trans-
ducer using an electrostatic nulling. In the course of measurement, an automatic
feedback circuit applies DC voltage to the capacitor plates. The electrostatic
force acting on the proof mass brings it back to the null position. The feedback
voltage is proportional to relative value of gravity, which provides at the end the
output in terms of gravity readings.

The new developed CG-6 Autograv [1] is characterized by some advantages,
which were not in the former CG-series (e.g. CG-3 and CG-5) such as its current

interfaces supported by USB, Wi-Fi and Bluetooth, which enables modern and
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fast data transfer and wireless connection between CG-6 and tablet, in addition
to built-in GPS. The 7-inch tablet computer prepared for field use with Win-
dows 7 (32 bit) as well the “LYNX LG Land Gravity” software allows the observ-
er to monitor and control the measurement remotely during the data capture. It
should be noted here that the CG-6 can be operated with or without a tablet. The
connection between CG-6 and its tablet takes place via a Bluetooth connection,
which is of course limited to about 7 meters. In addition, the CG-6 is characte-
rized by its low sensor height of about 6.6 cm with respect to (w.r.t.) 8.9 cm at
CG-5 above the bottom plate of the gravimeter, where the gravity value will be
measured closer at the reference point. In total, the CG-6 reduced device height
(21.5 cm opposite 30 cm w.r.t. CG-5) provides thereby less susceptibility to
wind. Moreover, the CG-6 has lower weight of about 5.5 kg w.r.t. the CG-5,
whose weight is about 8 kg. The CG-6 is equipped with a tripod to adjust the
leveling and two rechargeable lithium smart batteries (2 x 6.8 Ah (10.8 V))
which allow a full day operation at 25°C (77°F). The large membrane keypad of
the CG-5 was on the CG-6 by a small keyboard replaced with four arrows and a
confirmation button.

Unlike the CG-5, the leveling of CG-6 takes place via two-foot screws (Figure
1), which are located below the front of the Gravimeter. Both the necessary di-
rection of rotation of the foot screws and the quality of the leveling are of two
multicolored (LED) arrows, which are also visible in unfavorable lighting condi-
tions. In addition, the LED display shows the state of charge of the batteries,
which can be according to the manufacturer operated for about full day at an
ambient temperature of 25°C, however, the duration would be lowered to about
10 hours with at lower temperatures of about 10°C.

It is worthwhile noting here that the Dubai Municipality has received a high
temperature version of the CG-6 Autograv gravimeter with an operating tem-
perature range of —40°C to +55°C in order to endure the temperature circums-
tances of the Gulf region. New in the CG-6 Autograv is the stable solid alumi-
num handle, which differs from the previous version of CG-6 that was made of
textile fabrics strap. This makes it much easier for hand transport and installa-

tion.

3. Site Preparation and Gravity Measurement
3.1. Site Preparation

In order to set up our Scintrex CG-6 Autograv instrument, new site in the base-
ment of the DM building to be easily accessible all the times has been firstly es-
tablished. A concrete pad sized 80 cm x 80 cm and 100 cm depth was con-
structed reaching the bedrock, which is suitable for both relative and absolute
gravity measurements (for future calibration). A marker is installed on the con-
crete pad as shown in Figure 3.

It should be mentioned here that the Dubai Emirate consists of two main re-

gions; the main Dubai city and the Hatta area as shown in Figure 2. One of our
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Figure 3. A sketch (left) showing the establishment of the concrete pillar (right) for the
gravity station in the DM’s basement.
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Figure 4. A sketch (left) of the concrete pillar (middle) for the Hatta gravity station.

main interests is to tie the gravity readings of Dubai City with Hatta area, and
therefore, a gravity station has been also installed there as shown in Figure 4.
The main advantage of Hatta gravity station is that, it is located in quiet moun-
tainous area which is supported with differential global positioning system
(GPS) based on virtual reference station (VRS) techniques and a DC power. This

latter advantage allows continuous long-term gravity observations.
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3.2. Gravity Measurement

The relative gravity measurements at Dubai and Hatta gravity stations were car-
ried out using the CG-6 Autograv relative gravimeter between December 2019
and January 2020 in order to investigate the long period recorded gravity signal.
The gravimeter was set up first at Dubai gravity station for about 17 days fol-
lowed by 18 days in Hatta station. Before recording the gravity, all automated
corrections of our Scintrex CG-6 Autograv gravimeter have been enabled in-
cluding temperature, drift, tide, tilt corrections. The acceptable gravity readings
were recorded every 60 seconds. The gravity readings have been read and
processed using programming code which is written by the authors using GNU

Octave Software Version 5.1 (http://www.octave.org). For more details, please

contact Basem Elsaka, the University of Bonn, elsaka@uni-bonn.de.

4. Data Reduction and Initial Results

4.1. Correction of Effects Reducing the Gravity Field

In order to analyze and interpret gravity data accurately, gravity readings have to
be firstly reduced and corrected from numerous influences [7]. Some of these in-
fluences must be pre-processed independent on the target of the gravity survey
and others are processed dependently on the survey target. The influences that
should be considered in the pre-processing step are for instance instrumental
height, instrumental drift, tides and ocean loading, air pressures. One means
here with pre-processing that the gravity data must be corrected before processing
the gravity data from other influences affecting the gravity measurements such
as latitude variation, heights (free-air correction), mass change and terrain (sim-
ple and detailed Bouguer corrections), and isostatic and topographic corrections,
etc. Since our Scintrex CG-6 Autograv gravimeter is installed at the station for
long time span, we will be focusing in the following section on the tidal effect

and instrumental drift.

4.2, Correction of Tides and Instrument Drift

The CG-6 Autograv as mentioned in the introductory section is based on ze-
ro-position elastic spring which may be affected by temporal changes due to
some reasons. This effect is called gravimeter drift. Possible reasons for a drifting
zero-position are addressed by [7] and [8] such as aging process of spring ma-
terial, external temperature changes, and uncompensated changes of atmos-
pheric pressure and elastic hysteresis effects due to vibrations, shocks and incli-
nations acting on the measurement system during transport.

Before applying drift correction, the gravity raw data are mainly affected by
the Earth tide, which is a subject to the attraction of the Sun and the Moon with
the other celestial bodies to the Earth’s body. This effect reaches to about £300
uGal. Therefore, one must first reduce the tidal effect in order to be able to

detect the variation in range of tens of pGals accuracy due to the drift effect.
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In this paper, two tidal corrections for both Dubai and Hatta gravity stations
have been applied. The first correction is based on the automated ETGTAB tide
correction of the Scintrex CG-6. The other tide correction has been estimated
based on the ETERNA3.3 software [9], where tidal parameters have been driven
from gravity tide amplitudes of the [10] tidal potential. Figure 5 and Figure 6
show the tidal effects in terms of mGal as well as the differences of tide correc-
tions as computed from both ETGTAB and ETERNA3.3. The discrepancies be-
tween both applied tidal calculations (using ETGTAB and ETERNA3.3) given in
Table 1 are very small of about 2.2 uGal and 2.6 pGal in terms of standard devi-
ations (Std.) for Dubai and Hatta gravity station, respectively. Therefore, the
computed received tide correction from the automated ETGTAB is reliable for
our gravity observation target.

Regarding the drift correction, Figure 7 and Figure 8 show the gravity data
analysis before and after applying the tide and drift corrections for both Dubai
and Hatta gravity station, respectively. Regarding to the Dubai gravity station,
the black curve of Figure 7 shows the raw gravity data as corrected from tem-
perature and tilt providing a sinusoidal behavior resulted from the tidal effect.
After subtracting the tidal effect (given in Figure 5) from the black curve of
Figure 7 using the tide corrections as computed by ETGTAB and ETERNA3.3,
the red and blue curves have been attained, respectively. However, still both
curves show a remaining trend, which is interpreted here as drift signal of about
2.44 uGal/day. Therefore, the drift trend has been subtracted from the reduced

gravity signal (red curve) to provide the green curve which is now corrected

Table 1. Statistics showing the discrepancies between automated ETGTAB of the Scintrex
CG-6 Autograv and ETERNA3.3 software at Dubai and Hatta gravity stations. Units in

uGal.
Statistical values
Station
SD mean min. max.

Dubai 2.255 0.0328 -4.936 5.270

Hatta 2.661 0.0279 -5.762 6.304
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Figure 5. Tidal effects in mGal as detected from CG-6 and computed using ETERNA3.3
Software for Dubai gravity station.
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Figure 6. Tidal effects in mGal as detected from CG-6 and computed using ETERNA3.3 Software
for Hatta gravity station.
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Figure 7. Corrected gravity field signal from tides and instrument drift of Dubai gravity station.
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Figure 8. Corrected gravity field signal from tides and instrument drift of Hatta gravity station.

from both tide and drift effects. Same thing has been applied for the Hatta grav-
ity station as shown in Figure 8 showing a relatively lower drift behavior of
about —2.35 pGal/day.
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Comparing Figure 7 and Figure 8, one can conclude first that the Scintrex
CG-6 Autograv gravimeter provides a lower drift in few pGals per day than the
device accuracy given by the manufacturer. Moreover, the Dubai gravity station
provides a noisy gravity signal as represented in Figure 7 with respect to the
Hatta station represented in Figure 8. This may due to that the Dubai gravity
station is installed in the basement of Dubai Municipality’s main building lo-
cated on the side of main traffic road. However, it can be accepted as stable grav-
ity station if gravity observations have been carried out at night, where rare traf-
fic flows. To prove this, Figure 9 and Figure 10 show two examples of different
one-day gravity observations recorded in working and weekend days, respec-
tively. As seen from Figure 9, the gravity observations during the working day’
activities (Monday 02* December 2019) from 6 am till 10 pm provide a noisy
signal except at night hours. Figure 10, representing gravity measurements of a
weekend day (Saturday 14™ December 2019), has relatively short-period noisy

signal compared to the normal working day.

Gravity signal during normal working day [on Mon. 02 December 2019]
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Figure 9. Gravity field signal in normal working day (Monday 02.12.2019) at Dubai gravity station.

Gravity signal during weekend day [on Sat. 14 December 2019]
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Figure 10. Gravity field signal in weekend day (Saturday 14.12.2019) at Dubai gravity station.
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To sum up, the Dubai and Hatta stations are considered to be trusted gravity
stations for collecting gravity observations, especially for Hatta area, since it is
away from noises. In addition, it is recommended for Dubai gravity station to be
measured during the weekends and at nights in order to avoid any traffic noises

affecting the Scintrex CG-6 gravimeter.

5. Conclusions

In this article, practical gravity observations with the first Scintrex CG-6 gravity
instrument in Dubai Emirate, the United Arab of Emirates have been estab-
lished. The gravity field variations at two main stations in Dubai and Hatta
mountainous area have been recorded within a time span of one month (about
two weeks for each of them). Regarding the Dubai gravity station, the site has
been prepared by installing a concrete pillar at the basement of the Dubai Muni-
cipality’s main building.

Among different effects reducing the gravity measurements, the corrections
regarding the tide and drift effects have been applied. Regarding to the tide cor-
rection, a comparison between the tidal effects estimated by the CG-6 internal
software (ETGTAB) and by ETERNA3.3 software has been accomplished. The
differences in terms of standard deviations have been found in range of about
2.2 pGal and 2.6 puGal at Dubai and Hatta gravity station, respectively. Thus, one
can conclude that the ETGTAB tidal model of CG-6 Autograv gravimeter is a re-
liable model for tidal reduction within Dubai area and its surroundings.

Regarding the drift correction, one can conclude that the CG-6 Autograv be-
haves even more stable and provides quiet gravity measurement with low drift
values of about 2.44 pGal/day and —-2.35 puGal/day for the Dubai and Hatta sta-
tions, respectively. Furthermore, it has been found that the Hatta station is con-
sidered as a stable and trusted gravity site because of its undisturbed location.
For Dubai gravity station, some noises have been recorded when measuring
gravity during the working days. Therefore, it is recommended to Dubai gravity
station to be measured during the weekends and at nights in order to avoid any

traffic noises affecting the Scintrex CG-6 Autograv gravity meter.
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