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RESEARCH ON THE DESIGN OF SURVEY LINES
IN A MARINE MAGNETIC SURVEY

By BIAN Gang, XIA Wei , JIN Shaohua, XIAO Fumin, SUN Xinxuan, CUI Yang
Department of Hydrography and Cartography, Dalian Naval Academy (China)

e
>~ Abstract

The planning of a marine magnetic survey requires careful consideration in the design of
the survey lines to ensure the results of the survey meet expected standards. This paper
describes various evaluation methods to determine an optimal survey line layout for a
marine magnetic survey that conforms to Chinese marine magnetic survey Standards.
Various survey line layouts are tested using simulated data to evaluate the interpolation
precision between neighbouring survey lines and the magnetic anomaly map. The test
results provide a recommended process to determine the rationality and the optimal layout
of the survey line pattern for undertaking marine magnetic surveys.

u Résumé

La planification d’un levé magnétique marin requiert un examen minutieux de la conception
des profils de sonde pour assurer que les résultats du levé répondent aux normes
attendues. Cet article décrit différentes méthodes d’évaluation en vue de déterminer une
présentation de profil de sonde optimale pour un levé magnétique marin qui soit conforme
aux normes des levés magnétiques marins chinois. Diverses présentations de profils de
sonde sont testées a I'aide de données simulées dans le but d’évaluer la précision de
l'interpolation entre profils de sonde voisins et la carte des anomalies magnétiques Les
résultats des tests permettent de recommander un processus pour déterminer la rationalité
et la présentation optimale du schéma de profil de sonde afin d’entreprendre des levés
magnétiques marins.

a Resumen

La planificacion de un levantamiento magnético marino requiere una cuidadosa considera-
cion en el disefio de las trayectorias a seguir para garantizar que los resultados del
levantamiento cumplan las normas esperadas. Este articulo describe los diversos métodos
de evaluacién para determinar una disposicion 6ptima de las trayectorias para un levanta-
miento magnético marino que sea conforme a las normas chinas de levantamientos
magnéticos marinos. Se han efectuado pruebas sobre varias disposiciones de trayectorias,
utilizando datos simulados para evaluar la precision de la interpolacion entre trayectorias
vecinas y el mapa de anomalias magnéticas. Los resultados de las pruebas proporcionan
un proceso recomendado para determinar la racionalidad y la disposicion 6ptima del patrén
de trayectorias para llevar cabo levantamientos magnéticos marinos.
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1. INTRODUCTION

The planning of a marine magnetic survey line
uses a series of crossing main survey lines and
reference survey lines to provide an optimal survey
network. However blank areas can exist between
survey lines. Thus the design of the survey line
pattern is a primary requirement for marine mag-
netic surveys and is important in the assurance of
survey precision and efficiency.

There are similarities and differences between ma-
rine magnetic surveys and other marine surveys.
In a bathymetric survey, the fair chart mostly com-
prises depth points and derived depth contours
assist as a secondary portrayal. In a marine mag-
netic or a marine gravity survey, the final survey
product is mainly represented by contours, which
is called a marine magnetic anomaly map or ma-
rine gravity anomaly map.

Similarly, compared to a marine gravity survey, the
spatial variations of magnetic anomaly values are
rapid and complex. Therefore, the design of the
survey lines in a marine magnetic survey is even
more important than in a marine gravity survey.

The design of the survey lines is discussed in this
paper and the requirements in the design of survey
lines are described in the Specifications for Marine
Magnetic Surveys in China (refer to Table 1).

Table 1: The line spacing in different survey order

given by Specifications for Marine Magnetic
Survey
et il N P
1 20nT 1:10,000~1:50,000 0.1~0.5km 10nT
2 50nT | 1:50,000~1:100,000 | 0.5~1km 20nT
3 100nT | 1:100,000~1:250,000 | 1~2.5km 25nT
4 150nT | 1:250,000~1:500,000 | 25~5km 50nT

In Table 1, the survey precision requirements are
listed in each Order (the precision is calculated by
the crossing point of main lines and reference
lines). However, the required precision of the mag-
netic anomaly map (being the survey product) is
not prescribed. The line spacing in each survey
Order is decided by the corresponding survey
scale (corresponding distance of 1cm on survey
map), rather than by the characteristics of the
magnetic anomaly. Therefore some problems exist
when undertaking a practical survey. On the one
hand, for certain magnetic anomaly map preci-
sions, the corresponding survey Order is unknown.
On the other hand, if the survey Order is given
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according to Table 1, the precision of the magnetic
anomaly map can not be evaluated.

Applying the survey line requirements from
Table 1, two kinds of unsatisfactory results will be
produced: (1) Survey lines spacing will be too
dense. Although the requirement of the survey pre-
cision can be satisfied, the work load and the total
survey expense will be significantly increased and
the survey efficiency will be correspondingly de-
creased; and (2) the survey lines spacing will be
too sparse, so the requirement of the magnetic
anomaly map precision will not be met, the ex-
tended measurement work will have to be devel-
oped and the survey efficiency will also decrease.

After analysis and investigation, the authors con-
sider that the precision of survey points and the
magnetic anomaly map must also be prescribed.
This can meet the needs of different practical ap-
plications such as military, navigation, science re-
search, geological exploration, marine exploitation,
underwater detection, marine engineering etc.
Given the unambiguous precision of the marine
magnetic anomaly map, the appropriate survey
line spacing can be determined by the surveying
engineer, and the practical magnetic characteris-
tics fully considered.

Two basic problems exist in the survey line layout:
(1) What is an optimal survey line layout? (2) How
can we design optimized survey lines? Therefore
three detailed problems must be analyzed and dis-
cussed: (1) the influence of survey line direction;
(2) the influence of survey line spacing, and (3) the
factors that can be applied to describe these influ-
ences. In this paper, the problems above have
been resolved and methods have been tested us-
ing simulated data.

2. THE EVALUATION METHODS OF THE
SURVEY LINE LAYOUT

A magnetic anomaly contour map is the main
product from a marine magnetic survey. The
spatial distributions of the magnetic anomaly in a
survey area can be distinguished and the magnetic
anomaly information provided for different applica-
tions. To obtain spatial distributions of the
magnetic anomaly between survey lines, observed
values on a survey line can be used to interpolate
the values between two neighbouring lines. The
interpolating precision can be applied to reflect the
representative capability of the magnetic anomaly
in a survey area. Accordingly, the magnetic
anomaly map and the interpolating precision can
been used to evaluate the rationality of the survey
line layout.
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2.1 Evaluation with magnetic anomaly map

A marine magnetic anomaly map is the most intui-
tive and expressive output from a marine magnetic
survey. Reviewing the magnetic anomaly map, the
general trend and distribution of the magnetic
anomaly can be distinguished, and any significant
magnetic anomaly can be determined by the mag-
netic anomaly contours.

Evaluating the magnetic anomaly map means that
we can compare a simulated magnetic anomaly
map with a true magnetic anomaly map obtained
by a given survey line layout. The rationality of the
survey line layout can be evaluated by the display
of the output map to determine if the survey
requirements are met.

After analysis and discussion,
standards can be detailed as follows:

evaluating

(1) Magnetic anomaly maps are considered to be
consistent, whereby the general trend of the
magnetic anomaly can be determined and the
detailed magnetic anomaly in the given magnitude
can be identified.

(2) Magnetic anomaly maps are considered to be
basically consistent, whereby the general trend of
the magnetic anomaly can be approximately deter-
mined and the detailed magnetic anomaly in the
given magnitude can usually be identified.

(3) Magnetic anomaly maps are considered to be
basically consistent, whereby the general trend of
magnetic anomaly can be approximately deter-
mined, but the detailed magnetic anomaly in the
given magnitude is difficult to identify.

(4) Magnetic anomaly maps are considered to be
inconsistent, whereby the general trend of the
magnetic anomaly can not be determined and the
detailed magnetic anomaly in the given magnitude
cannot be identified.

In the Standards above, when the magnetic anom-
aly map contrast accords with (1) or (2), consider-
ing the survey error, the survey line layout is con-
sidered rational. When the magnetic anomaly map
contrast accords with (3) or (4), the survey line
layout is considered irrational.
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2.2 Evaluation with interpolation precision
between two neighbouring lines

2.2.1 The concept of the interpolation between two
neighbouring lines and its precision

The marine magnetic survey line pattern consists
of main survey lines and reference lines (a refer-
ence line is also called a cut line or tie line in an
aeromagnetic survey). To plot a magnetic anomaly
map, the magnetic anomaly information of the
blank area between survey lines must be interpo-
lated. Therefore the plotting precisions of the
magnetic anomaly map are estimated by the preci-
sion of observed data and interpolated data.

However, the interpolating precision is mainly
determined by variable characteristics of the mag-
netic anomaly and survey line spacing. So the
main aim of the survey line layout is to determine
the survey line spacing. By controlling and adjust-
ing the interpolating precision, the given precision
of the survey product can be determined. The
requirement of the survey line layout is related to
the requirement of interpolating precision. To meet
different interpolating precisions, the survey line
layout can be different. Hence, the interpolating
precision is an important value to determine the
rationality of the survey line layout.

Actually, the designed reference lines can be
adopted to evaluate the interpolating precision.
The middle point of two neighboring survey lines
can be used to estimate the interpolating precision.
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| _ L1
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Figure 1: The skefch map of evaluating with the middle
point

In Figure 1, the number of main lines (L) and ref-
erence lines (C,) is m and n in a survey area. The
main lines are perpendicular to reference lines,
and main line spacing is d, and there are m'n
cross points.
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On each reference line, middle point P is selected
as a reference point to evaluate the interpolating
precision. For each reference point, the difference
between the interpolated value and the true value ¢
can be obtained.

t=T,-T, 1)

In expression (1), T, represents the magnetic
anomaly value which is interpolated by the corre-
sponding observed value on two neighboring sur-
vey lines. Tgis true value of middle point observed
on the reference line. As the interpolated magnetic
anomaly value T, and true value Tg on the refer-
ence line is irrelevant, we can derive the following
formula.

m; = mj; +ny

(2)

In expression (2), m; represents the mean square
error (MSE) of the magnetic anomaly difference, m,
is MSE of the interpolated value, mp is the interpo-
lation precision of the observation value.

The MSE of interpolated value m, can be analyzed
in the following text. Linear interpolating is a com-
mon method in survey processing, so the next
formula is expressed as follows.

T =é(?‘, +T)+¢

®)

In expression (3), T; and T, represent the
observed values on two neighboring main lines
which cross a reference line. ¢ is the correspond-
ing model error, which can be obtained by linear
interpolation. With a different interpolating method,
the model error can be different. Because the
observed values on each main line are independ-
ent, the law of propagation of errors is followed.

s B 5 y
mj; = Z(mk +my)+m;

(4)

O 5
;== +

- (®)

The expression above denotes the relation of the
precision and interpolated value. With (5) and (2),
then:

-~

2 3 .l 3
m; = m; ——n,

(6)
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This expression reflects the relation of the MSE of
the magnetic anomaly difference, the MSE of the
observation and the linear interpolation model
error.

my and mr can be calculated through observed
data of the whole survey area. That is,

m = +JE
t . ‘I\;

In expression (7), the number of the reference
points P is N. The number of main lines and refer-
ence lines is m and n, which are crossed, so refer-

ence points can be expressed as N=(m-1) Xn.

()

[34]

2mn

m,==%

8)

In expression (8), A is the difference of the
observed value of the reference point, which are
respectively obtained by the main and reference
lines.

Through expression (6), the precision of the linear
interpolation model error of the whole survey area
can be obtained.

-~

2 3 .l 3
m; = m; ——n,

©)

The linear variation characteristics of the magnetic
anomaly can be reflected directly. The smaller the
number of m,, and hence, the smaller the survey
line spacing, the better the linear characteristics of
the magnetic anomaly.

From the expressions above, a precise control
situation can be analyzed. For example, when the
requirement of the magnetic anomaly interpolation
precision is less than the observation precision, m,
< mg, and expression (5) becomes.

, 1, 5 .
my =< M ;< my

(10)

The requirement of the linear interpolation model
error of the whole survey area is.

» 1
m; < —my

. (11)
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Combining expression (6), expression (11) now
becomes:

i

2.3 2 1 4 2
m; <=My +—my =2

(12)
The requirement of the precision will be:
J'}'?IZJEH.’N
2.2.2 The interpolation model error and its
expression

In Figure 2, the direction of the reference line is
along the axis X, where x;, x;are the coordinates
of observed magnetic anomaly values in neighbor-
ing survey lines, and x, is the coordinate of the
middle point along the reference line. The coordi-
nate along the main survey lines are the same.

main line main line
" I X (direction of the
Xy X X2 reference line)
& P S p—
d

Figure 2: The sketch map of linear interpolation
between lines

Suppose that the magnetic anomaly function is
expressed as T(x), which is deemed as the true
value. In interval (x4, x2), the differential coefficient
is (n+1). On the middle point x, of the reference
line, the function T(x) can be expanded as a Taylor
series.

T"(x,)

T(x)= T(_\'P )+ T'(_\'“ Nx=x,)+

(x-x,)

T“”( -
. )(x— x,)" +R,(x)

b P o

n!

(13)

In expression above, R,(x) is the interpolation
residual part.

Tfanll(‘:)
(n+1)!

{‘\‘ - rp )" ': € ('\‘l * _\‘: )

R (x)=
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Neglecting the non-linear part in function T(x),
when n>2, expression (14) simplifies to:
(&)

T(x)=T(x,)+ T'{_\'I_ Jx—x,)+ 51

(x—x,)’
(14)
')

21

(x-x,)

The expression, is the non-linear part of function
T(x) and T7(¢) is the gradient of T(x) along the X
axis.

Combined with expression (13) and (14), the
observed values T(x;) and T(x;) in neighboring
main lines of point x; and x, can be expressed as
follows.

(&)

21

T(x)=T(x,)+T'(x,)(x, —x,)+ % —x.)

(15)
T"($)

T(x,)=T(x,)+T"(x,)x, —x,)+ 2!'

{-‘-: % -\‘J., ]:

(16)

When the linear interpolation is adopted, the
magnetic anomaly value T(x,) on the interpolating
point can be expressed as:

T(x,) = %[T{.\‘! )+T(x,)]
) (17)
When expression (15) and (16) are adopted in

expression (17) and compared to T(x,), the
interpolating model error on point x, is:

' 1 WEENE W v
e=T(x,)' - T(I”):ET (E)x, —x,)
(18)

For x-—x;=d, expression
concluded as:

(18) can be finally

L oo v
EZET (‘;}{;'
(19)

From expression (18), the conclusion is that the
larger the survey line spacing, the smaller the
interpolation precision will be. This also leads to an
increased complication in the variation of the
magnetic anomaly gradient. This is consistent with
the analysis described in the Section 3.

Expression (19) is deduced based on the direction
of the reference line along the X axis. Actually
expression (19) can represent the interpolation
error in any direction of the reference line.
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Combined with the evaluation methods above, the
rationality of the survey line layout can also be
evaluated. The error sources of the magnetic
anomaly map and the description of its precision
are listed in Table 2.

Table 2: The error sources of magnetic anomaly
map and the description of its precision

Quality control Error source Precision
Data source
indices {influencing factors) formula
Magnetometer, the position
error, the geomagnetic diumnal
variation, the heading error

and the environmental factors

Observed data

1. The observed data for
interpolation(influence factors
the same as the above)

The precision of
the contourmap
{divided in order

1,2,2 and 4) 2. The model error (the

influence factors include the
survey line spacing, the
survey line direction and the
characteristics of the
magnetic anomaly in the
survey area)

Interpolated
data

3. INFLUENCE OF SURVEY LINE
LAYOUT ON SURVEY RESULT

In designing the marine magnetic survey, the sur-
vey line layout includes the determination of the
survey line direction and spacing. The evaluation
method can be used to evaluate the rationality of
the survey line layout.

The known (from prior surveys) magnetic anomaly
maps have been adopted. When different survey
line layouts are applied and simulated magnetic
surveys carried out, the interpolation precisions are
calculated and the magnetic anomaly contour
maps are plotted with simulated data. The change
of interpolation precisions and comparisons of the
magnetic anomaly maps are analyzed to deter-
mine the influence of the survey line layout on the
overall survey result.

The background data for simulations have been
introduced and analyzed. The simulation and
analysis are divided into three types:

1. The influence of the survey line layout on the
interpolation precision (without the observation
noise).

2. The influence of the survey line layout on the
magnetic anomaly map (without the observation
noise).

3. The influence of the survey line layout on the
interpolation precision and magnetic anomaly map
(with the observation noise).
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These types of simulation have been confirmed
and complement each other.

3.1 Analyzing of data for

simulations

background

The magnetic anomaly maps of uniform distribu-
tion (Simulation background A, in Figure 3) and
non-uniform distribution (Simulation background B,
in Figure 4) have been adopted as background
data to simulate and analyze. The data sources
respectively are marine magnetic surveys of a
certain area in 2002 and 2006. Corresponding cor-
rections have been completed and the grid data of
50mx50m have been interpolated, which are taken
as real data in later simulations.

X(m)

10000
y

8000

6000 o /
2000 /\_/

i

.«°°/
/7

1 1 1 1 1 1 1 f 1
C0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 Y(M)

Figure 3: Magnetic anomaly map for simulation
background A (contour interval 10 nT)
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10000y
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(a) Contour interval 5 nT
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(b) Contour interval 10 nT

Y(m)

Figure 4(a) and (b): Magnetic anomaly map for
simulation background B
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The contour interval in Figure 4(a) is 5nT and is
too dense to compare, so the contour interval of
10nT has been selected (Figure 4(b)) for compari-
son and analysis. From Figure 4, the distribution of
the magnetic anomaly is uniform, the maximum is
50.90nT, the minimum is -128.06nT, and the
average is -40.23nT. The direction of the magnetic
anomaly gradient is 153.89°.

3.2 Influence of survey line layout on interpola-
tion precision (without observation noise)

The influence of the survey line layout on the
survey result can be divided into the impacts of the
survey line direction and the survey line spacing.
Therefore, different survey line directions and
survey line spacing have been simulated and
calculated. For analysis and outcomes, the repre-
sentative simulation schemes are listed in Table 3.
The sketch map of survey line direction shown as
in Figure 5 ( « is the angle of total gradient direc-

tion of the magnetic anomaly and the X axis).

Table 3: Simulation scheme of influence of survey line

MAY 2014

The aim of the simulations above are: (1) The im-
pact of the survey line spacing on interpolation
precision with the same survey line direction.(2)
The impact of different survey line directions on the
interpolation precision with the same survey line
spacing.

The simulation scheme above has been conducted
without observation noise (mg=0), so combined
with formulae (2) and (5).

m, =m, =n,

(200

The magnetic anomaly map of simulation
background A (in Figure 3) is the known magnetic
map and the influence of the survey line layout has
been analyzed. The interval of the simulated
survey points is 50m and the reference line
spacing is 1000m. The simulation has been
completed according to Table 3 with the results
listed in Table 4 and charted in Figure 6.

Table 4: The interpolation precision in different survey
line layouts of simulation background A(Unit nT)

layout
bsalgr(lalra(: :3:1 d A B Sll’ligv:y gr-;glti'zlr'lt A;is A§i5 Fergt{a ?oila‘imar Discrepancy

spacing | direction gradient
Ihesms X Themsi 0. 1km 002 | 004 | 005 007 005
s e 0.2km 0.08 013 | 0.21 0.39 0.31
Survey line 0.3km 022 031 | 042 0.82 0.60

direction

‘Total gradient ‘Total gradient 0.4km 0.31 038 | 065 1.23 0.92
Perpendicular ofthe | Perpendicular of the £ L il B L i
total gradient total gradient 08km 051 069 | 122 146 095
i 0.7km 0.55 078 | 1.40 1.60 1.05
s:ga?irr:lge i ikl ln 0.8km 0.63 078 | 1.70 1.82 1.09
0.9km 0.68 082 | 1.80 223 1.55
X (m) 1.0km 0.69 093 | 1.89 2.56 1.87
A 1.1km 071 098 | 211 261 1.90
1.2km 0.73 1.01 | 243 2.68 1.95
o The perpendiculr of the total gradient G ) 1.3km 0.75 1.04 | 245 270 1.95
\ 1.4km 0.78 1.05 | 253 2.79 20
\F / 1.5km 0.78 1.06 | 2.56 294 2.16
1.6km 0.80 106 | 270 294 214
1.7km 0.82 1.07 | 279 3.02 212
1.8km 0.84 1.07 | 285 3.03 219
1.9km 0.85 112 | 290 3.05 2.20
2.0km 0.95 121 | 293 3.07 2514
2 1km 098 128 | 298 307 209
‘ » Y (m) 2.2km 1.02 130 | 3.01 3.10 2.08

The total gradient direction (G)

Figure 5: The sketch map of survey line direction
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Table 5: The interpolation precision in different survey

sl _ line layouts of simulation background A(Unit nT)
a3l -3 Total g_radlent
32l - The axis X -
il —-O-- The axis Y Su_rvey Tot_al Axis | Axis Perpendicular ]
3L —— Perpendicluar to total gradient line gradient X Y of total Discrepancy
spacing | direction gradient
0 1km 003 | 005|005 006 003
0.2km 008 | 017|017 021 013
0.3km 020 | 028030 0.31 0.11
0.4km 039 | 042|042 0.50 0.11
0.5km 044 | 046|050 070 026
0.6km 052 | 056 | 061 095 043
0.7km 057 | 064|071 117 0.60
0.8km 060 | 065|088 1.41 0.81
0 9km 065 | 081|002 178 113
1.0km 074 | 091|123 203 1.29
1.1km 085 | 107|133 230 1.45
1.2km 097 | 122|157 263 1.66
1.3km 105 | 139|170 2 91 1.86
1.4km 126 | 151|213 323 197
1.5km 131 | 174|230 364 233
1.6km 147 | 193|233 396 249
X 1.7km 165 | 213|299 441 276
0010203040506070809 1 111213141516171819 2 21 1.8km 1.690 243 | 3.07 477 3.08
The line Spacing(km) 19km | 193 | 255312 5.25 3.32
Figure 6: The interpolation precision in different survey 2.0km 216 | 300|369 5.62 3.46
line layouts of simulation background A 2.1km 216 | 308 | 410 5.94 3.78
) ) . 2 2km 234 | 345|428 6.55 421
The magnetic anomaly map of simulation
background B (in Figure 4) is the known magnetic 7
map and the influence of the survey line layout has ol "K"';:m' gradient
. . <> e e axis
also been analyzed. The interval of the simulated 64 O The axis Y
survey points is 50m and the reference line o —O— Perpendicluar to total gradient
spacing is 1000m. The simulation has been s8f
completed according to Table 3 with the results =l
listed in Table 5 and charted in Figure 7. Sl
> 51
. . ©
In Figure 6 (corresponding to Table 4 results) and E 4o
Figure 7 (corresponding to Table 5 results), there S gal
are large discrepancies in the interpolation preci- §4<§f
sion in different survey line directions. The gg_a,
maximum discrepancy is 2.19nT in simulation 580
background A (uniform distribution) and 4.21nT in Saal
simulation background B (non-uniform distribution). §2§f
. I . o 28
Therefore, the significance of the selection of the < 26)
survey line direction has been adequately = 24
. o 2l
explained. S
. . . E£18f
The conclusions from the simulations are: @ 16/
= 14r
The highest interpolation precision is obtained L2
when the survey line direction is the total gradient 08l
direction. The lowest interpolation precision ap- gj
pears along the perpendicular of the total gradient. ™
The Closer the Survey Ilne dlreCt|On to the tOtal gra- 00 0.1.—0,2 0.‘3 0.‘4 O‘,5 0.‘6 0.‘7 O‘,B 0.‘9 ‘1 l,‘l 1.‘2 1‘,3 l.‘4 1‘,5 1‘,6 1.‘7 1‘,8 1‘,9 ‘2 2‘,1 2‘,2

dient direction, the higher the interpolation preci- The line Spacina(km)
sion. Meanwhile, the discrepancy of the interpola-
tion precision in a certain survey line direction will
increase as the survey line spacing increases.

Figure 7: The interpolation precision in different
survey line layouts of simulation background B
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3.3 Influence of survey line layout on magnetic
anomaly map (without observation noise)

To analyze the influence of the survey line layout
on the magnetic anomaly map and discuss the
consistency of interpolation precision, contrastive
simulation and analysis have been carried out.

Based on the background B simulation, in which
the non-uniform distribution magnetic anomaly has

MAY 2014

been adopted, the simulation content and the aims
are listed in Table 6. The simulated magnetic
anomaly maps and the comparative results are
shown in Figures 8 to 12. For comparison
purposes, the known and simulated magnetic
anomaly maps have been plotted together in the
same map display - the known magnetic anomaly
contours are plotted as solid lines and the
simulated magnetic anomaly contours are plotted
as dashed lines. The contour interval is 10nT.

Table 6: Simulation scheme of influence on magnetic anomaly map

Simulation parameters
: : Interpolation Simulation
No. Simulation contents Survey line Survey line preF::isinn K
spacing direction
1 Magnetic anomaly maps 0.3 km 0.25nT
with different survey line
2 spacing are plotted which 0.9 km e - 0.67 nT
3 simulate the same survey 1.2 km 9 1.00 nT
line direction (total
4 gradient direction). 1.9 km 2.00nT
5 Total gradient 0.74 nT The
< consistency of
6 Axis X 0.91 nT interpolation
7 1.0 km Axis Y 1.23nT precision and
Magnetic anomaly maps ) magnetic
with different survey line Perpendicular of total anomaly map
8 Ll 203nT :
directions are plotted gradient will be
9 _ ’-"l-’htlcg hi;l%ﬂﬂ?ﬂﬂﬂ Total gradient 216 nT checked.
simulated wi e same ;
10 survey line interval. Axis X 3.00 nT
11 2.0km Axis Y 369nT
Perpendicular of total
2 gradient A ezar
13 1.2 km Total gradient 097 nT The matching
14 Kagichs soiatpinans 1.0 km AKfSX 0.91nT CDI}E}ELa:;irrl\sftécs
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Figure 8: The comparison of simulated map and known map for simulations No.1 to No.4 (survey line direction
is the total gradient)
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Figure 9: The comparison of simulated map and known map for simulations No.5 to No.8
(survey line spacing is 1Tkm)
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Figure 10: The comparison of simulated map and known map for simulations No.9 to No.12
(survey line spacing is 1km)
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As shown in Figure 8 (corresponding to simula-
tions No.1 - No.4), if the survey line direction is
fixed (the total gradient direction has been
adopted), the discrepancy between the simulated
magnetic anomaly map with different survey line
spacing and the known magnetic anomaly map
can be detected. There is better agreement
between the simulated map and the known map
(only few magnetic anomalies have been lost), if
the survey line spacing is less than 1.2km
(M=1nT). The worst difference will be found in
simulation No.4, when the survey line spacing is
more than 1.9km. Although the general trend of the
magnetic anomaly can be approximately
determined, distortion exists in the magnetic anom-
aly map. This distortion is relative and can be
detected if the discrepancy is more than 2nT for a
contour interval of 10nT, which is 1/5 of the
contour interval in this paper.

As shown in Figure 9 (corresponding to simulation
No.5 - No.8) and Figure 10 (corresponding to
simulation No.9 - No.12), if the survey line spacing
is fixed, the discrepancy between the simulated
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magnetic anomaly map in different survey line
directions and the known magnetic anomaly map
can be detected. For results of simulations No. 6 —
No. 12, when the survey line spacing is less than
1km, the variation of the interpolation precision in
the different survey line direction is 0.74~2.03.
When the simulated magnetic anomaly map and
the known magnetic anomaly map is coincident,
little discrepancy between the contours can be
detected in a few areas. However, the variation of
interpolation precision in different survey line
directions range from 0.74 to 2.03. When the
survey line spacing is more than 2km, the larger
discrepancy will be found between the simulated
map and the known map, and the distortion is
distinct.

Comparing the magnetic anomaly maps of the
simulations No.1 to No. 12, the interpolation

precision creates consistent magnetic anomaly
maps. The higher the interpolation precision, the
smaller the distortion is detected and the agree-
ment improves.
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Figure 11: The comparison of simulated map and known map for simulation No.13 to No.16 (interpolation
precision is less than 1nT)
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Figure 12: The comparison of simulated map and known map for simulation No.17 to No.20 (interpolation
precision is less than 2nT)

Results of the simulations No.13 to No. 20 are
analyzed, and the matching characteristics of the
survey line direction and the survey line spacing
discussed. As Shown in Figure 11 (corresponding
to simulations No.13 to No.16) and despite the
survey line spacing and survey line directions be-
ing different, the interpolation precisions are almost
the same, and the simulated and known maps are
coincident. For example, the interpolation precision
where the survey line spacing is 1.2km in total gra-
dient direction and 0.6km perpendicular of the total
gradient direction are equal (1nT). Line numbers
along the latter will be twice the former. The same
result is in simulation No.17 to No.20 (as shown in
Figure 14). To obtain the interpolation precision of
2nT, the survey line spacing is 1.9km in total gradi-
ent and 0.8km perpendicular of the total gradient.
The line numbers will be doubled.

So the maximum line spacing along a certain
survey line direction will meet the requirement of
interpolation precision. Line numbers are mini-
mized when survey lines are designed along the
total gradient.
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3.4 Influence of survey line layout on interpola-
tion precision and magnetic anomaly map (with
observation noise)

In survey practice, observation errors inevitably
exist. To simulate closer to the real survey
practice, the observation error of normal distribu-
tion have been added in the representative simula-
tions above and simulation scheme are listed in
Table 7.

Table 7: Simulation scheme with observation noise

NG Simulation Simulation parameters
contents line spacing | line direction
21 1.0nT of 0.5 km
22 obfsewation 1.0 km Survey line
23 | added nthe 15km | e
24 | related 2.0 km gradient, the
simulation axis X, the
25 1.4nT of 0.5 km axis Y and
observation the
i erpendicular
28 | 1.0 km Sfthe total
27 related 1.5 km gradient
28 simulation 2.0 km
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The simulation aims of Table 7 are described
below. With the observation noise added: (1) The
consistency of interpolation precision and magnetic
anomaly map is verified; and (2) the law of

propagation of errors have been validated for the
interpolation precision. The detailed simulation
results have been listed in Table 8 and Figure 13
and 14.

Table 8: The interpolation precisions in different survey line layouts of simulation background B
(With the observation noise)

Survey line direction
Noise Survey line Perpendicular of
No. . . i i
magnitude spacing Total gradient Axis X Axis Y total gradient
my mg m m mg m my mg m my mg m
21 0.5km 1.24 098 | 076 | 1.37 | 0.98 | 0.96 1.40 | 1.01 0.97 1.47 1.02 1.06
22 1.0km 1.27 1.00 | 0.78 | 1.40 | 1.00 0.98 1.53 | 1.00 1.16 2.35 0.99 | 2.13
1.0nT
23 1.5km 1.70 1.02 1.36 | 2.01 0.99 1.74 2.51 0.99 2.31 3.72 1.00 3.58
24 2.0km 2.41 1.00 | 220 | 3.19 | 1.02 3.02 | 519 | 099 | 5.10 5.89 1.00 | 5.80
25 0.5km 1.74 1.40 1.03 | 1.75 1.41 1.04 1.76 1.41 1.05 1.83 1.41 1.18
26 1.0km 1.76 1.39 | 1.07 | 1.79 | 1.38 115 | 2.02 | 1.41 1.45 2.53 140 | 2.1
1.4nT
27 1.5km 1.97 1.39 | 140 | 222 | 142 170 | 2.85 | 140 | 248 4.91 1.41 4.70
28 2.0km 2.78 1.42 2.39 | 3.49 1.42 3.18 4.59 1.42 4.36 5.96 1.41 5.79
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Figure 13: The comparison of simulated map and known map for simulation No.21 to No.24
(the observation noise is 1nT, line direction is total gradient)
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Figure 14: The comparison of simulated map and known map for simulation No.21 to No.24
(the observation noise is 1.44nT, line direction is total gradient)

In Table 8, m,, can be calculated by the difference
of the reference points between the interpolated
value and the observed value with observation
noise. mg can be calculated by cross points of the
main lines and the reference lines with observation
noise. m; can be calculated by the difference of the
reference points between the interpolated value by
the main lines with the observation noise and the
observed value in the reference lines without the
observation noise.

The law of propagation of errors (See formulae (2))
has been verified by the numerical values in
Table 9.

A comparison of the interpolation precision, with
and without observation noise added, is shown in
Figure 15.

As shown in Figure 15 and Table 8, the obvious
differences can be detected in the interpolation
precision of different survey line layouts between
the survey line spacing and observation noise.
Meanwhile the agreement between the magnetic
anomaly maps can be perfectly reflected by the
corresponding interpolation precision. By increas-
ing the observation noise to obtain the same
interpolation precision, the corresponding survey
line spacing must be decreased. For example, if
survey lines are designed along the total gradient,
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to obtain the interpolation precision of 1nT, the
survey line spacing must be less than 1km with
observation noise of 1nT and 1.4nT.
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Figure 15: The comparison map of the interpolation
precision with and without observation noise

4. THE SURVEY LINE DESIGN METHOD

Based on the analysis above, we can conclude
that the interpolation precision can be applied in
the evaluation of the rationality of the survey line
layout. Further, it can be used to optimize the
survey line layout for marine magnetic surveys.
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The rule of survey line layout is to control blank
areas between the survey lines and then adjust the
interpolation precision and survey precision to
meet the total requirements of the magnetic
anomaly map precision. Therefore, the rational
survey line direction must be selected first based
on the priori-magnetic information of survey area,
then control and adjust the survey line spacing to
match the interpolation precision between survey
lines and survey precision.

4.1 Determination of survey line direction

The main requirement in the determination of
survey line direction is to accurately ascertain the
total gradient of the magnetic anomaly of the
survey area. So the priori-magnetic anomaly map
must be digitized for gridding data. For the
non-observed area, the known magnetic anomaly
map can be obtained by using a regional magnetic
field model. The gradient of each point can be
calculated using gridded data, and the total
gradient of the whole survey area can be
calculated.

If the obtained total gradient direction is close to
the axis X (north to south) or the axis Y (east to
west), the axis can be selected as the survey line
direction to simplify the survey practice.

4.2 Determination of survey line spacing

When the survey line direction has been
determined, we can design the survey line spacing
according to the flow chart shown as in Figure 16.
In the technical design of a marine magnetic
survey, the priori-magnetic information of survey
area must be fully known and the rational prelimi-
nary survey can be brought forward. Further
optimization of the survey line layout can be given
based on the new magnetic information obtained
by the preliminary survey. The magnetic anomaly
map which satisfied the prearranged survey
precision can be obtained with the optimized
survey line layout and the highest survey efficiency
can be assured.

Compared to the new survey line layout, the
practical magnetic field has not been considered in
the traditional survey layout (shown in Table 1).
The optimization of the survey line layout in a step
by step process has been embodied by the
method discussed in this paper.

The complexity and the difficulty of the survey line
layout will be certainly increased. Using modern
computing and specialist software, the design of
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survey lines for marine magnetic surveys can be
programmed. This can be applied in practical
survey conduct and marine magnetic survey
outcomes can be improved.

The gridding data of
the priori-magnetic
anomaly map

v

The simulated sampling in different line
intervals along the total gradient
direction. The observation noise can be
added according to the survey precision

v

Plotting the relation chart between
the interpolation precision and
survey line spacing

Y

The corresponding survey line spacing can
be obtained which meets the interpolation
precision by the relation chart. The curve
fitting and prediction can be adopted

Y

The other factors can be considered which affected
the survey to optimize the survey line direction.
The survey line spacing can be decreased

.

The actual survey can be carried out with
the obtained survey line spacing, which
can be seemed as the primary survey

/

The interpolation precision can be
calculated by the survey information
of the primary survey: m, - Jmi -m;

A

f the preconcerted
survey precision can
be met, m, =m,

Collating the observed
data, drafting the fair chart

Figure 16: The flow chart of the survey line layout

5. CONCLUSIONS

The design of the survey line layout has been
thoroughly and systematically studied. The evalua-
tion methods of survey line layout have been
described and the influence of survey line layout
have been simulated and discussed. Finally, a new
design method for survey line layout has been
described. Based on the study of this paper, we
can conclude that:
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(1) The evaluation method of magnetic anomaly
map and interpolation precision between the sur-
vey lines can be effectively applied in evaluation of
the rationality of survey line layout.

(2) The highest interpolation precision can be ob-
tained if survey lines are designed along the total
gradient. By increasing the survey line spacing, the
difference of the interpolation precision between
different survey line directions will also be in-
creased. However, regard to certain survey line
direction, the interpolation precision will be differ-
ent, which will decrease with increasing the survey
line spacing.

(3) The value of the interpolation precision and
magnetic anomaly map is consistent in evaluation
of the rationality of survey line layout. The higher
the interpolation precision, the less distortion in the
magnetic anomaly map and the more the agree-
ment will be. Meanwhile the simulation with obser-
vation noise shows that the interpolation precision
is in accord with the law of propagation of errors
and the theoretical analysis of the interpolation
precision is inosculated.

(4) The integral research of the survey line layout
shows that the new method of the survey line lay-
out described is rational and feasible. An optimiza-
tion of survey line layout in a step by step has
been described, which is in accord with survey
practice.
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