
Optimum Signal for Sea Bed Logging Many logging
processes use electromagnetic signals to transmit or
obtain information. One example of this is the use of
electromagnetic waves in sea bed logging, a special
application of controlled source electromagnetic
sounding developed by ElectroMagnetic GeoServices of
Norway. In one application of this process, an
electromagnetic wave field response can be used to
determine the presence and/or nature of a reservoir
containing hydrocarbons or water, as described in
European Patent No. 1256019. In electromagnetic sea
bed logging, a number of types of transmitter signal
shapes have been employed, including sinusoidal and
square wave. Inversion of the logged data and the
production of images from logged data can be
considerably improved by logging at several different
frequencies. However, if sinusoidal signals are used,
logging at x frequencies will take x times as long as
logging with a single signal type. In order to improve
data inversion without substantially increasing
logging times, multifrequency signals containing
particular desired frequencies can be used. The
present invention relates to an optimised
multifrequency electromagnetic signal which
substantially improves inversion of logged data, and a
method of obtaining such an optimised signal by
selecting the parameters controlling the signal
generation. 



Candidate multifrequency signal types include square
waves, which contain all odd multiples of the
fundamental frequency. However, for square waves the
amplitude of the nth harmonic frequency is
proportional to n 1, whereas the attenuation along a
particular path is typically proportional to nm .
Thesignal/noise ratio at the receiver for higher
harmonic frequencies is therefore relatively low,
resulting in lowered quality of results from the
inversion of logged data. Alternatively, a periodic
sequence of short pulses of antenna current may be
used to produce the signal, providing harmonics in the
transmitted signal up to approximately 1/pulse width,
each harmonic frequency being of equal amplitude.
However, the input to the antenna is usually current
limited to a particular value, Imax, resulting in low
power in the harmonics of such a signal. Signal
generating parameters required for the production of
an electromagnetic signal comprising two or three
desired frequencies of high and equal amplitudes, of
use within the field of sea bed logging, are known.
However, as described above, the degree of attenuation
of the signal between transmitter and receiver is
frequency dependent, resulting in low signal/noise
ratios at the receiver for some parts of the signal.
Further, in the examples known, the absolute value of
the transmitting antenna current takes values
substantially less than I for a substantial part of
the time, with the result that both the total
transmitted power and the power converted to the
desired set of frequencies is 



less than what could be obtained from an optimal
signal. In order to improve the signal range and the
inversion of logged data it is now proposed that for
an optimised signal, the power transmitted at certain
desired harmonic frequencies should be such that the
amplitude ratios of the desired frequencies are
substantially equal when the receiver is at maximum
range. It is also desirable to maximise the overall
signal/noise ratio at the receiver in order to improve
the quality of the logged data at any given range.
Therefore, an optimised signal in the context of the
present invention, which may be used in the field of
sea bed logging, is one for which the amplitude ratios
of thedesired frequencies are substantially equal at
the receiver when the receiver is at maximum range,
the total power delivered to the transmitting antenna
is maximised, and the proportion of that power which
goes into the desired frequencies is maximised.
According to the present invention, there is provided
an optimised multifrequency electromagnetic signal
transmitted by an antenna, the signal comprising two
or more desired harmonic frequencies of optimised
amplitude ratios such that substantially equal
amplitude ratios of each frequency are received when
the receiver is at maximum range, the total power in
the desired harmonic frequencies being the maximised
proportion of the maximised power deliverable to the
transmitting antenna. Optionally, the present
invention may be characterised in that the antenna 



current takes on the values Imax only, to maximise the
total power delivered to the transmitting antenna.
This results in a longer signal range. Optionally, the
present invention may be further characterised in that
the two or more desired frequencies are all harmonics
of one frequency, and that the signal is periodic in
time with the period of the fundamental, to simplify
signal synthesis. Optionally, the present invention
may be further characterised in that when the
transmitting antenna is capable of radiating a
circularly polarised rotating field the desired
harmonic frequencies are all odd harmonics, to ensure
that the polarisation of each desired harmonic
frequency rotates.Optionally, the present invention
may be further characterised in that the signal
comprises three or more desired harmonic frequencies
of optimised amplitude ratios. According to another
aspect of the present invention, there is provided a
method of producing an optimised multifrequency
electromagnetic signal, the method comprising
obtaining optimised signal generating parameters using
a transmitter-receiver offset length and modelled
signal behaviour to determine a set of desired
harmonic frequencies optimally suited for logging at a
site, and suitable amplitude ratios for the desired
harmonic frequencies: and using a transmitter to
produce a signal according to the optimised signal
generating parameters. 



The signal generating parameters may comprise current
direction switch times, signal period and number of
current direction switch times per period. The
parameter values may be obtained by iterative
refinement of an initial standard parameter set, by
comparison of the signal which would be produced by an
antenna operated under those parameters with the ideal
optimised signal. The choice of initial standard
parameters depends on the nature of the site and
required signal and in particular cases different
choices may have to be tried before obtaining a
covered solution set of parameters. This method may
incorporate a two step process, in which the first
step comprises choosing an initial set of switching
times and other parameters, perturbing the switching
times and then adjusting the switching times
iteratively to obtain a trial signal having
substantially optimal amplitude ratios of the desired
frequencies, and the second step comprises increasing
the total signal power to obtain a trial signal having
the maximum possible amplitude for the highest desired
frequency, within the operating limits of the
transmittingsystem, while maintaining the amplitude
ratios of the desired frequencies by adjustment of
signal generating parameters. Optionally, the method
of the present invention may further comprise
modelling the site to be investigated through sea bed
logging using some or all of the known site parameters
and combining the information with the
transmitter-receiver offset length and modelled signal
behaviour to determine a 



set of desired signal frequencies optimally suited for
logging at the site, and ideal amplitude ratios for
the desired harmonic frequencies. The present
invention also extends to the use of an optimised or
substantially optimised multifrequency electromagnetic
signal for the purpose of obtaining data by the method
of sea bed logging, in order to determine the presence
and/or nature of a reservoir containing hydrocarbons
or water. The present invention also extends to data
and results obtained from the use of an optimised
multifrequency electromagnetic signal for the method
of sea bed logging. It may be desirable to apply
signals with these characteristics, obtained using the
optimisation method described, within other fields not
related to marine controlled source electromagnetic
sounding. The method for obtaining optimal signal
generating parameters is now described, and an example
given. The antenna current function I(t) shall have
the properties (1.1) I(t T) =:l(t) , |/(0h , I (
realwhere / max is the maximum value of the current.
We divide the interval 0 < t <2 rinto 2Nparts by the
points tm, m=1,2,...,2N- 1, and define Symmetry
considerations show that we may require the tmto
satisfy (1.3) tl 2N-m =lT- t , m =l,2,...,N 



and still obtain optimum performance. In this case,
the signal is fully determined by the firstNvalues of
tn., and we have -_ = (-l) - m -si nt The L are all
real valued, and we have = 21 .We want a selected set
of 1 the to be in prescribed ratios, i = qB , r = 1,
2, ...,N , while their absolute values are as large as
possible. The  may not be arbitrarily chosen, since we
must haveN (1.5) S  2 ;max We therefore make the
transformation (1.6) .i , r =l,2,...,tf , 0 < < 2
where K is to be determined. When the 0 are given,
there is a maximum value of K beyond which there is no
solution. It may be shown that a solution always
exists for a sufficiently small value of K. A suitable
starting value of K may be found by trial and error.
Next, starting values of tn are chosen. This choice is
more or less arbitrary, and in particular cases,
different choices may have to be tried. After
calculating the in, the gradient relation in ( 1.4) is
used to find how the tn should be changed in order to
bring the in closer to their desired values. We solve
the equations (1-7)  - , r l,2,...JV m=l tm 



for the Dtm, and choose new values of tm, setting
(1.8) tm tm+a- m where the constant a < 1 is chosen so
as to ensure convergence. This process converges
quickly, or it diverges if K and/or tn are ill chosen.
Having found a solution for the chosen value of K, we
wish to make K as large as possible, while keeping the
ratios of the harmonics constant. We therefore repeat
the process with a larger value of K and continue
until divergence. The limiting values of K and tm
determine an optimum signal.Example. Normalising the
tm, tm tm/T, we set 0 1 = 0.118 /o2 = 0.259 I04 =
1.000 = 1.000 = 0.5 We choose the initial values
=0.886 2 = 1.770 4 = 2.656 Optimizing the "t"s, we get
the values i = 1.057 2 = 1.755 



=2.446 The efficiency, defined as the fraction of the
total power that goes into the desired harmonics, is
54 %. Testing for convergence, we find that the
maximum value of K is 1.187. For this value, we get
=0.949 2 = 1.527 = 2.276The efficiency is 76 %, and
the ratios of the harmonics are hliA 0.1175 The shape
of the optimum signal is shown in Fig. 1. The optimum
values of tn are not unique. A cyclic permutation of
the "f's does not change the shape of the signal,
causing only a translation in time, but no change of
the powers of the individual harmonics. Also,
inversion of the sequence of "f s has no effect on the
harmonic powers. In fact, if S(i) is an optimum
signal,  S(  t + t) is also an optimum signal for any
value of t.Claims 1. An optimised multifrequency
electromagnetic signal transmitted by an antenna, the
signal comprising two or more desired harmonic
frequencies of optimised amplitude ratios such that
substantially equal amplitude ratios of each frequency
are received at a receiver, when the receiver is at
maximum range the total power in the desired harmonic
frequencies being the maximised proportion of the
maximised power deliverable to the transmitting
antenna. 



2. An optimised multifrequency signal as claimed in
Claim 1, characterised in that the antenna current
takes on the values  IM only, to maximise the total
power delivered to the transmitting antenna. This
results in a longer signal range. 3. An optimised
multi-frequency signal as claimed in Claim 1 or Claim
2, characterised in that the two or more desired
frequencies are all harmonics of one frequency, and
that the signal is periodic in time with the period of
the fundamental, to simplify signal synthesis. 4. An
optimised multi-frequency signal as claimed in any
preceding Claim, characterised in that when the
transmitting antenna is capable of radiating a
circularly polarised rotating field the desired
harmonic frequencies are all odd harmonics, to ensure
that the polarisation of each desired harmonic
frequency rotates. 5. An optimised multi-frequency
signal as claimed in any preceding Claim,
characterised in that the signal comprises three or
more desired harmonic frequencies of optimised
amplitude ratios.6. A method of producing an optimised
multifrequency electromagnetic signal, the method
comprising obtaining optimised signal generating
parameters using a transmitter receiver offset length
and modelled signal behaviour to determine a set of
desired harmonic frequencies optimally suited for
logging at a site, and suitable amplitude ratios for
the desired harmonic 



frequencies; and using a transmitter to produce a
signal according to the optimised signal generating
parameters. 7. The method according to Claim 6,
characterised in that the method comprises modelling
the site to be investigated through sea bed logging
using known site parameters and combining the
information with the transmitterreceiver offset length
and modelled signal behaviour to determine a set of
desired signal frequencies optimally suited for
logging at a site, and suitable amplitude ratios for
the desired harmonic frequencies. 8. The use of a
substantially optimised multifrequency electromagnetic
signal as claimed in any of Claims 1 to 5, for the
purpose of obtaining data by the method of sea bed
logging, in order to determine the presence and/or
nature of a reservoir containing hydrocarbons or
water. 9. The data and results obtained from the use
of an optimised multifrequency electromagnetic signal
as claimed in any of Claims 1 to 5 for the method of
sea bed logging. 


