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ABSTRACT: In aero-magnetic survey, magnetic noise from the flying platform is one of the factors that determine
the data’s accuracy. Normally, light aircraft, which are often used as the platforms in aero-magnetic survey, can cause
remarkable magnetic interference. Removing this kind of interference is important to improve the data’s accuracy. So,
in the present paper, an approach in aero-magnetic compensation was investigated. The compensation results have
been evaluated, verified, and compared with the traditional compensation methods. The results of the proposed
approach were shown to be easy to process with high efficiency. Standard flying and coefficients extractions can easily
be calculated, based on physical and mathematical methods, and the accuracy relies only on the efficiency of the
numerical calculations. The advantage of this approach is that the accuracy can be significantly improved since the
geomagnetic field is far outweighs the magnetic interference. Finally, an error factor value of 0.3513 was obtained,

compared with that value of 1.0, which, is presently obtained applying traditional techniques.

Outline Airborne Geophysical Survey:

It is expected that data resulting from the
geophysical surveys will help manage our environment
and support sustainable natural resource development
by providing more information about our soils,
sediments, waters and rocks, as well as for landmines
exploration [1-4]. In this concern, the geophysical
aircraft carried a range of geophysical equipment that
maps the geological characteristics of rocks and soils.
Such information will improve the understanding of our
natural environment. It will contribute to and therefore
benefit sustainable land use planning decisions. The
survey will also help identify potential natural hazards
and map certain forms of contamination.

The main systems on board the geophysical
aircraft are magnetic, radiometric (gamma ray
spectrometry), electromagnetic, and gravity, which
measure different physical properties of the earth (Fig.
1). In the case of the magnetic system, which is the
point of interest within the present paper, the instrument
measures the strength of the magnetic field of the earth,
which provides information on the different rock types
under the ground (in general the more iron in the rock
the greater the magnetic field strength). It also allows
geologists and the geophysicists to identify different
structures in the earth. Such faults or fractures are often

pathways where water, mineralized fluids (to form
mineral deposits) or radon travel through the earth.

2.0 .Airborne Magnetic Survey of Egypt

The airborne geophysical survey of Nuclear
Materials Authority of Egypt mainly comprises a
Beechcraft KingAir B200 equipped with the state-of
the-art airborne geophysical system, as well, a complete
navigational and data flight recovery system.

2.1. Aircraft:

The Beechcraft KingAir B200 features a 305-knot
maximum cruise speed. The engine holds 850-shp flat
rating insuring a much higher altitude, improving climb
rate (2450 ft/min), range with maximum fuel and
reserves 3658 km, and cruise performance under almost
all flight scenarios.

2.2. Geophysical Equipments:

The survey equipments are multichannel gamma
ray  spectrometer, cesium vapor  multi-sensor
magnetometer, and gravimeter. For interest, Throughout
the present scientific work, further light will be shed
upon the airborne magnetic survey and its problems. In
this concern, a brief description about the system of
interest will be presented.
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2.2.1. MS-4 Magnetometer:

The MMS-4 is an intelligent high sensitivity, high
resolution magnetometer processor. It is upgradeable to
manage and process as many as four cesium
magnetometers (such as the CS-3). It contains a
continuous frequency processing input module with a
signal decouples and power control circuitry. The MMS-
4 was originally designed as a key component of Pico
Envirotec’s Airborne Geophysical Information System
(AGIS). The processor contains synchronization input
from GPS; 1pps (pulse per second), to assure precise
signal sampling without quantizing errors. Magnetic
compensation may be undertaken in real-time on as many
as three (3) CS-3 magnetometers, simultaneously.
However, if more than three CS-3 magnetometers are
used simultaneously then the compensation must be
undertaken as a post-mission exercise, in either case
using Pico Envirotec’s PEI-Comp module; Fig. 2 [5].

PEI-Comp quickly creates a magnetic coefficient
file to compensate magnetic data. The source data is the
PEI binary data file recorded during a compensation test
flight. If the source data is not a Pico Envirotec binary
data file, there is a provision to import data from a text
file. The input file must contain at least x, y, and z data
from a 3-axis fluxgate magnetometer, raw total field
magnetometer data, and x and y position coordinates for
heading calculations. Usually four sets of coefficients are
created one for each of the four cardinal headings.

A Billingsly TFM-100 (or equivalent) Tri-Axial
Fluxgate Magnetometer measures the aircraft’s attitude
during flight, and provides X, y, and z data for recording
by the AGIS data acquisition system. As previously
mentioned, these data are used for the calculation of the
coefficients necessary for magnetic compensation [6].

2.2.2. Airborne Navigation System:

The airborne system of the NMA aircraft is of the
model LiNav one, which is a real-time DGPS airborne
navigation system, designed by AG-NAV Inc. for line
and waypoint surveys for use in helicopter or fixed wing
aircraft (Fig. 3). The system provides a real-time
presentation of complex positioning information from
various types of GPS receivers to the pilot in a
transparent and simple format. It is designed specifically

(b)

Fig. (1): Airborne magnetic (a) and electromagnetic (b) survey aircraft.

for low level flying. MiNav has become the indispensable
tool in airborne geophysical operations.

The LiNav system provides accurate guidance to
the pilot to fly the preplanned flight lines in a survey area.
This system provides all utilities to do necessary things
from flight planning to data handling. The built-in editor
is used to set up the boundary of a survey area, flight
lines and waypoints. Based on the line heading and a
reference point, LiNav automatically generates the flight
lines which are parallel and evenly spaced inside the
survey area. The basic LiNav system consists of a rack-
mount console with computer for data processing,
recording and storing. A high resolution monochrome
LCD moving map display provides real-time viewing of
navigation information in variable formats and modes
including zooming and auto-centering features. Two-line
pilot Indicators provided critical navigation data for the
pilot. A compact keyboard on a tray is provided for
editing, carrying out diagnostics checks, pre and post
flight preparations, more details of specifications and
performances in detail [7].

3. Magnetic Compensation:

Two magnetic field sensors are installed on an
aircraft [8]. The quantum magnetometer measures the
absolute value of the magnetic field with a high precision;
the 3-axis flux gate magnetometer measures the magnetic
field vector, but its precision is much lower. The quantum
sensor can operate with a limited set of magnetic field
directions only. There are three direction sets, where the
guantum sensor fails to operate: at the two poles and the
equator. When the aircraft flies above the earth poles, the
field direction is vertical, and its value is independent of
the course (in the aircraft coordinates). Therefore, if the
sensor is installed correctly, it will not leave the
permissible orientation range, independently of the
aircraft course. When the aircraft flies above the equator,
only four orthogonal flight headings are permissible
without changing the sensor orientation (along the tie-
lines or along the traverse lines). The magnetometer axis
shall be located at an angle of 45 degrees to the
magnetic field direction. When setting the sensor
orientation, the magnetic declination shall be taken into
account, in addition to the route heading.
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Biflingsly TEFANT-100 Tri-Axiol
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Fluxgate NMagnetometer

Fig. (2) : MMS-4 High-sensitivity magnetometer processor with its CS-3
sensor, and Billingsly TFM Tri-axial fluxgate magnetometer.

PDI Navigation Display

Hemisphere R220 Dual-Frequency
DGPS Receiver

PGU Navigation Display

Fig. (3): Airborne Navigation System installed onboard NMA aircraft.

3.0. The Source of the Distortion:
3.1. Hard Component Distortion:

The aircraft causes magnetic field distortion of
three types. The first distortion type (called a hard
magnetic field component) is simply a constant
additional vector component. The main vector may
change its direction (in the aircraft coordinates); as the
hard component is relatively low, the vector elongation
is actually equal to the projection of the hard vector onto
the main vector. If the reading of the vector
magnetometer is normalized to unity, the considered
correction is equal to the scalar product of the intrinsic
magnetization vector by the normalized vector of the
flux gate magnetometer.

3.2. Soft Component Distortion:

The soft component results from the influence of
the magnetic field on the aircraft parts, it depends on the
direction of the external magnetic field. Additional
magnetic field component appears in the point, where
the quantum sensor is mounted; it is described by a 3x3
matrix. In order to determine its contribution to the
resultant vector value, the projection of this component
onto the main vector shall be found. As the result, a
quadratic expression is obtained. Let us present this
expression as a 3x3 matrix, whose above-diagonal
elements are equal to zero. The elements X*Y and Y*X
are equal to each other, they are determined together. As
the result, 6 coefficients are obtained. It is again more

convenient to use the normalized vector of the fluxgate
magnetometer; in this case, the correction will be
proportional to the field that is to the value measured by
the quantum sensor. Thus, the coefficients obtain
clearness and physical sense. When using the
considered expression, it shall be multiplied by the field
value in the given point and divided by the mean value
at the moment of compensation (the difference between
the real value and the measured value is neglected).

Let us assume that the quantum sensor is enclosed
into a uniform spherical shield, which reduces the
magnetic field value equally in all directions. It is
evident, that no experiments can help to determine the
shielding factor. In other words, after including the
compensation, the field values measured using different
aircraft are reducible to each other only to within a
certain coefficient, close to 1. In addition, the aircraft
differ from each other, because the frequencies of their
reference crystal oscillators used in the counters are
different. Therefore, we must establish a certain
additional condition. It is assumed that the field is
directed along the axis X is true, so the corresponding
correction is equal to zero. As the result, 5 coefficients
remain.

4.0. Problem Description:

The maneuver noise can be considered to be
caused due to [9]:

1) permanent magnetic field of the aircraft,
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2) induced magnetic field of the aircraft in the earth's
magnetic field, and

3) magnetic field from eddy currents due to changing
orientation of the large metal surfaces in the earth's
field.

5.0. Correction Procedures:

Starting from early seventieth, many trials were
carried out in order to enhance the gathered airborne
magnetic data. In this concern, in 1961, Leliak
published a paper outlining a mathematical technique
for estimating and removing the effects of an aircraft
from magnetic data collected from a several total field
sensors [10]. The basis of this technique is a system of
linear equations which attempts to represent the
permanent, induced and EM effects due to an aircraft as
a function of the attitude. Four flight paths are normally
flown at high altitude in box wide sides parallel to the
proposed survey azimuth with a series of pitch, roll, and
yaw movements. The data from these flight paths are
then used to determine the 18 coefficients relating to the
motions and the linear equation system is then used to
move the aircraft's magnetic effects from survey data
flown at lower altitude. The altitude of the plane is
usually determined from vector fluxgate data from
sensors also mounted on the aircraft but attempts are
being made to determine attitude from multiple GPS
Sensors.

It has been shown that the correction model can be
represented by a set of linear equations with different
distinct terms [11].The problem of determining the
coefficients is generally considered as a linear least-
squares regression. However, it can also be considered
as a cross correlation problem, whereby it is assumed
that there is no correlation with the aircraft orientation,
and that the orientation of the aircraft can be considered
by a set of "monitors" [12, 13]. The "monitors" in the
latter method are thus the coefficients associated with
the directions cosines and their time derivatives, which
can be derived from the three axes fluxgate
magnetometer.

In order to calculate the correction coefficient, to
be used in the purification of the regular magnetic data,
a calibration flight sortie was carried out over a
specified area, at relatively high altitude (about 10,000
feet). The chosen area should be relatively magnetically
calm. Flight lines are chosen on the four flying line
directions. The correction coefficients are ranging from
3 to 30 for each direction separately. Each direction will
be explained separately for 3 border transactions.

5.1. Determination of Regional Magnetic
Component:
5.1.1. First Direction:

Figure (4) shows the collected magnetic data, for
one direction, super- imposed over the aircraft noise,
which arise due to movements along the three directions
Z, Y, and X ; namely : Pich, roll, and yaw respectively.
It clearly shows to the extent of the effect of the aircraft
maneuvers.

To remove the regional component, the collected
airborne magnetic data are fitted applying the following
equation:

n=3

MAG iy = Z c[n] =p™n (1)
n=1

Where:

n : number of the coefficients sufficient for best
solution,

c: the coefficient, and
p : value of the detected data.

Applying the different correction coefficients on
the collected raw airborne magnetic measurements will
produce the data shown in Fig. (5).

Figure (6) shows the difference between the raw
airborne magnetic data (Fig. 4) and the fitted data (Fig.
5). The obtained data represent the aircraft maneuver
effects, which should be removed during survey from
the actual survey magnetic data.

5.2.0. Coefficients for theDetermination of Aircraft
Maneuvers:

In the present step, the aircraft maneuvers effect
should be determined from the data collected in x, vy,
and z deviations. In this concern, the data stored on the
x_dev, y_dev, and z_dev (Fig. 7), are used during the
fitting of the data shown in Fig. (6). applying the
following equation:

COMPyaeneticlp]l — Ex[p] * C[l]j T EF[P] * C[Z:D
|+ (z[p]=c[3]) + c[4]..... (2)
Where :

x[p]. y[pl, and z[p] are , x, y, and z deviations, and

c[1], c[2], c[3], and c[4] are the extracted
coefficients.

Figure (8) shows the fitting motion, from which,
Fig. (9) shows those comparative plots between the
collected raw magnetic maneuver data and that
calculated.

The main target of the present work is to minimize
the difference between the measure and calculated data
(figure of merit), a look to Fig. (9) insures that,
primarily, a figure of merit value of 0.6414 was
obtained.

Figure (10) shows the obtained graphs for the
other three compensation flying directions after
applying the procedures carried out for the first one.
Figures 9 and 10, clearly show that, there is still
noticeable shift in the corrected data. So they need more
fine adjustment.

Figure (11) shows the final results of the
investigated correction procedures, where a comparison
between raw data (blue), case of only 3 coefficient
(magenta), and 30 coefficients (yellow).
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Fig. (11) : Magneti;: data of the four direction compensation flights, plotted for raw data
(blue), fitted using three coefficients (magenta), and fitted using thirty coefficients (yellow).
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Table (1): Figure of merit values calculated at different coefficients
number of Equations 3 and 4.

Number of Coefficients of Equation (4)
21 18
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Fig. (12): Figure of merit dependence on the coefficients matrix of equations 3 and 4.

Many trials were carried out in order to test the
effect of increasing the number of coefficients on
Equation (1). This was carried out in steps of 4, 7, 10,
13, till 40.

n=40

mags = ) clnlxptn e (3)

n=1
On the other hand, considering Equation (2), the
number of coefficients increased from 3 up to 30. From
which:

COMP o enetic[p]

+ (c[2]#y[p]") + (c[3] 2[p]”)
«y[p]*) + (c[5]*x[p]® = z[p]*) + (c[6] * z[p]® = y[p]*)
+ (c[8]* y[p]*) + (c[9] * 2[p]*) + (c[10] = x[p]*)
c[11]=y p]s) (c[12]= 2[p[F) + (c[13] = x[p]*) + (c[14]*y[p]*)
+(c[16] = x[p]*) + (c[17] = y[p]®) + (c[18]* z[p]*)
x[p]?) + (c[20]= y[p*) + (c[21] = z[p]®) + (c[22] =x[p] )
(c[2 ]-y[p] )+ (c[24]#z[p] )+ (c[25]*x[p]** y[p]*)
(c[26] = x[p]® * z[p]*) + (c[27] * z[p]* = y[p]*)
(C[ZBJ*X[p] *y[p] ) [6[29]*X[p] +z[p] )

[}
[y
—
b
L
=
—
=

)

..(4)

From which, it is clearly shown that the proposed
technique was able to an excellent degree to be
commonly used on line. Also, Table (1) illustrates the
figure of merit values calculated at different number of
coefficients used in equations (3 and 4).

Finally, Fig. (12) shows the figure of merit,
plotted as a function of number of coefficients, where an
optimum figure of merit value of 0.3513, was found to
be located at positions (30, 10). Note that, the location
values are referred to Equation (4), and Equation (3),
respectively.

CONCLUSIONS

The present paper includes a new advanced
technique for removal of noises related to aircraft's
maneuvers in airborne magnetic surveys. The proposed
technique was proved to be simple, needs no long
execution time, as well. It proved to enhance the
airborne magnetic data, a matter which in turn, could be
considered as an addition for its applications on
landmines and earth wealth exploration fields.
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	1- Cross-plots of well A and well B:
	Figure (3): The P-impedance versus vertical  depth cross-plot for the two wells.
	Figure (4): The gamma-ray versus P-impedance cross-plot for the two wells.
	Figure (5): The P-impedance versus S-impedance cross-plot for the two wells.
	2- Cross-plots of each well individually:
	2.1- Cross-plots: P- impedance versus depth:
	2.2- Cross-plots: P- versus S-impedances:
	Figure (6): The P-impedance vs. vertical depth cross-plots for the two wells  (the color code is gamma-ray data).
	Figure (7): The P-impedance versus vertical depth cross-plots for the two wells  (the color code is resistivity data).
	Figure (8): The P-impedance versus vertical depth cross-plots for the two wells  (the color-code is density data).
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	GPS network was established in 1995 covering Cairo City and the southern part of the Nile Delta. It was selected according to the geological and geophysical considerations taking into account the requirements of GPS technique. The river Nile runs from...
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	Indonesian (Poupon-Leveaux) :-
	The Wastani Formation can be interpreted in terms of aPliocene deep-water canyon fill deposited on a delta-front slope. It lies along strike from a number of analogous canyon systems which constitute the reservoirs of the WDDM succession. Four wells w...
	Timur-Coates  permeability model was used to calculate permeability as it is the best method for gas reservoirs. For field development it is recommended according to all the previous analysis (MDT-lithosaturationcrossplots ) that  :
	To drill a new well in the northern part around Sequoia-D6 at location X to delineate the channel in the north of the Sequoia field and to detect the aquifer level of the field, and to drill a new well in the western channel at location Y to explore t...
	To increase the depth of the drilled well Sequoia-D5 until reaching  the water level as it wasn’t detected on the MDT or lithosaturation crossplots.
	Abdel Aal, A., Price, R. J, Vaitl, J. D. and Shrallow, J. A., 1994, “Tectonic evolutionof the Nile Delta, its impact on sedimentation and hydrocarbon potential,". Proceedings of the 12th Petroleum Conference of EGPC, Cairo, 12(I), pp.19-34.
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	ABSTRACT: The hot spot activity was responsible for emplacement of alkalic rocks, for tectonic adjustments and for increased geothermal gradient that created favorable ore-concentrating environments in the basement rocks. The motion of the African pla...
	INTRODUCTION
	Fig. (1): Map of Egypt showing the location  of some ring complexes.
	The study area is extended southwestwards to Uweinat area to support this work. Geologically the Gebel Uweinat is composed of two very different parts. The western part, lying entirely in Libya, is composed of a large granite ring complex, about 25 km...
	PREVIOUS WORKS:
	El Ramly et al. (1971) stated that the distribution of the ring complexes in Egypt follows certain trends. Garson and Krs (1976) subsequently suggested that the distribution of the ring complexes in Egypt is controlled by N60 E crustal block faults an...
	The 230 ± 20 m.y. phase: during which the more saturated massif of Zargat Naam (247 m.y.), Bir Um Hebal (223 m.y.) and Silai (221 m.y.) were emplaced.
	The 140 ± 15 m.y. phase: during which the more alkalic ring complex of Mishbeh (148 m.y.), El Naqa (146 m.y.), Nigrub El Tahtani (140 m.y.) and El Mansouri ( (132 m.y.) were formed. The ages correspond to an early Cretaceous age and correlate well wit...
	The 90 ± 20 m.y. phase: during which the alkalic volcanics of Wadi Natach (104 m.y.) were erupted, followed by the intrusion of Abu Khruq (84 m.y.) and El Kafa (81 m.y.) ring complexes. The ages correspond to the late Cretaceous time.
	Fig. (2): Tracks of the three phases of Post Precambrian igneous activity and its ring  complexes in the Southern Eastern  Desert of Egypt. (Hanafy, 2012)
	Kaula (1969) observed a relationship between the geoid highs and lows and the active geologic (tectonic) zones and concluded that the geoid is an expression of the deep-seated mantle movements (convection) that are responsible for geological activity....
	Hanafy (2012) stated that during about 230 ± 20 m.y. of African plate motion over these (practically fixed) hot spots, Egypt has been affected by three phases of Post Precambrian igneous activity (Fig.2).
	Track I hot spot (The Late Paleozoic magmatism, 230 ± 20 m.y. phase) indicates that the African plate, first rotated clockwise for about 50 m.y. in a WSW direction. Then the African plate rotation changed to counter-clockwise. He suggests that the old...
	Track II hot spot (The Late Jurassic- Early Cretaceous magmatism, 140 ± 15 m.y. Phase) is a result of the counter-clockwise drift of the African continent over a hot spot to the SSE of the one, which, produced, track I. Magmatism started 140 ± 15 m.y....
	Track III hot spot (Late Cretaceous magmatism, 90 ± 20 m.y. phase) Magmatism started 90 ± 20 m.y. ago through alkalic volcanics of Wadi Natach (104 m.y.). It erupted, followed by the intrusion of Abu Khruk (84 m.y.) and El Kahfa (81 m.y.).  The geolog...
	In this research different heterogeneous data has been used: which includes high resolution 30 m (1 arc-second) NASA Shuttle Radar Topographic Mission (SRTM) Digital Elevation Model (DEM), recently published the Gravity Recovery And Climate Experiment...
	0THOT SPOT ACTIVITY
	0TWilson (1963) suggested that the time-progressive volcanism along the Hawaiian chain could be explained by the lithosphere moving across a “jetstream of lava” situated in the mantle under the island of Hawaii. ‘Hotspots’ are also called midplate vol...
	The false color composite ratio image (5/7, 5/4 & 3/1 of landsat ETM+ image in RGB) was used for the discrimination and mapping of some ring complexes exposed in the study area (Figs 3, 4, 5 and 6). Using the theoretical knowledge about the spectral p...
	The topographic features of the southern Sinai are very different from those of the Northern Eastern Desert of Egypt (Fig. 7). The Saint Catherine Complex is situated in the high mountainous area of the Sinai Peninsula. Gebel Mussa, the mountain in th...
	0TThe alkaline rocks are of limited distribution in the Southwestern Desert of Egypt and are represented mainly by some ring complexes, ring dykes, plugs and volcanic flows. Gebel Uweinat is the most formidable mountain in the generally flat and featu...
	Large-scale gravity anomalies can be detected from space. Gravity data derived  from GRACE satellite Mission indicate different gravity signatures, igneous complexes of dominant acid composition are characterized by low gravity values and those of dom...
	The geoid relief is a combination of the usual effects of the anomalous heterogeneity of the lower mantle and the superimposed upper mantle ones. Thus the geoid relief contours, measuring its departure from the reference ellipsoid, along the hot spot ...
	Fig. (10): Tracks of the four phases of the Late and Post Precambrian igneous activity of the study area.
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	Fig. (2) : MMS-4 High-sensitivity magnetometer processor with its CS-3  sensor, and Billingsly TFM Tri-axial fluxgate magnetometer.
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