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We give aqualitative assessment of the dispersion of the received electromagnetic interference due to
variations in the electrical conductivity of the medium and the distance to the soil when search vehicle
driving near these a water-soil boundary, we determine the best modes of motion and parameters of the
probing signal for different transmitter-receiver combinations.
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Introduction

In applied problems for electromagnetic sensing of marine soil, to create mobile machines and
robots to search for various natural and artificial objects in sea water, it is of interest to estimate
sea soil reaction and the environment, as well as the random movement factors to the observed
response signals during pulse or harmonic form of electrical excitation, or magnetic dipoles.

In [1-4] discusses the various theoretical aspects of harmonic and impulse waves in a con-
ductive medium, including the two-layer model [3], however, for use in the calculation of limit
search characteristics determined by the general movement interference mathematical relation-
ships don’t give much. This article discusses the problem of search of small-size conductive bodies
embedded in the bottom ground, using a deep-sea vehicle with a small carrier base where the
transmitter and receiver adjacent to each other on the same carrier when a powerful primary
field emitter on the 80-100 dB exceeds received signal.

Under these conditions, the main limitation on the resolution of the device on the allocation
of weak anomalies play a so-called synchronous noise associated with the fluctuations of the
transmitter and receiver locations geometry, variations in the height of the device movement
over the water-soil boundary and changes in the electrical conductivity of the two medium.

An important role plays the usage of type of electromagnetic transmitter and receiver: electric,
magnetic, or a mixed type, as well as the shape of the probe signal — a harmonic or pulse with
appropriate algorithms release their information options.

Statement of the problem reduces to evaluating the dispersion synchronous interference (SI)
occurring at the search vehicle electromagnetic receiver input when carrier moves the near the
seabed by apparatuses movement height variations above the ground, relative conductivities
ey AR
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1 of the environment for different combinations of transmitting and receiving electromagnetic or
JiE Apparat magnetic fields, radiated signals parameters determination, travel heights, and the optimal com-
1 bination of transmitting and receiving antennas minimized SI.

The [5-7] describes the features of the theory and application of electromagnetic search sys-
tems in sea water with the harmonic probe signal, and [3, 8] with the pulse signal. However, the
influence of movement disturbing factors is not determined as well as the features of the pulse

fa. Shaidurov variant environment sensing.
N. Romanova This article provides estimates of the expected signal and synchronous interference of search
| S. Kudinov* vehicle for both type of the probing signal.
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Russia We take the boundary between the medium as flat infinite along strike, medium parameters
respectively, o1, i1, €1 , and o2, f12, €2 . We neglect the displacement currents. A dipole source is
4 located in the water. Further in the first medium at 0 point at a height H from the border, the

m receiver at Op point at height z. The receiver coordinates in cylindrical system (z,p,9), Fig. 1.
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Fig. 1. Receiver in cylindrical coordinates system

Consider the observed interference signals for different excitation systems and receiving except
the top of the marine environment boundaries, i.e. consider that search vehicle moves near the
ground at great depths of 100 m. and deeper, so that the electron-magnetic waves are completely

attenuated before surface.
We find electric and magnetic fields at the receiving point through electric potentials [9] using

1e allocation
tions of the

> movement
ledium. the equations: .
er: electric, hE = iwp AE + = - grad divA®, (1)
pulse with g

" 1 -
i E=wA” + — . graddivA.
erence (SI) Wy
E nef“_ t.he The components of the observed electrical and magnetic fields could be written in terms of the
ductivities electric and magnetic numbers: i

H E,
BES =T (5 @
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where

oo
caple Z Iy(Ap)aHe ™R g
r A7 0 ma ’

g_Ps [T1 E H (z+h) @
— et iy —mi(z
AP =2 [T SH0nlat + e Na,
magnetic dipoles with moments M, and M,:
. o0 2
AH = wpr M )‘_II(AP)QH sin ¢ e R G,
47T 0 my
(4)

] M. N2
AF = w/ le()\p)aH cos ¢ e TR G,
47 0o M1

where off and oF is the reflection coefficients for magnetic and electric field type; P, = I-L and
M = I - Sp is the electric and magnetic dipole moment.

H mip — Mo E mi0 — M201 2 2
al =———=, ¢ =————, m1 = A2 — K2, mg=4/A2 - Kj, (5)
mi + me mios + Ma01

where K2 = lwpuio; and K3 = lwppos are wave number of media; Iy(ap) and I (ap) are
Bessel functions; p = \/x2 +y? is the projection of the distance between the transmitter and
the receiver on the plane XY

L [ pw

Tg= g /0 &y .z E¥D [-m1(z + h)]dz,
Ty = = /0 hﬁfz exp [-mi(z + h)] dz,

where T is electric or magnetic type operator.

In particular,for the EEy /MRy set, i.e. electric excitation and magnetic reception:

hﬁy =-P [AIO(Ap)aH + A [%)p—)(cos2 ¢ — sin? ¢) — Ip(\p) cos? qﬁ} (o + aE)] . (N

for the EEx /M Rz set

)\2
hE =PI (\p)a sing. (8)
; m
for the MEx /MRx set (magnetic excitation/magnetic reception)
KA I 2
RE =M [—lIo(ap)aE + [1—(ap—)(cos2 ¢ — sin? ¢) — In(\p) cos? 4 (ﬁaE - mlaH)} . (9)
my ap my

The component fields of the P, electric dipole can be determined from the equation for P, by
reversing the z and y locations and sing and cos¢ locations. Similarly, we obtain formulas for
the H, from H,. Time functions are found by applying the equation (7,8,9), inverse discrete
Fourier transform for the particular shape of the probing signal(PS).

Fig. 2 shows major types of temporal characteristics of the two-layer medium reaction on an
electrical stimulation or a magnetic dipole with a current in the form of a sequence of alternating
half-sine pulse with a complex spectral density:

I(3,w) = 2@, L 5 (1 + e—”—’%’*m> : (10)
2mn
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where 7, is impulse duration, T is recurrence interval, n = 1,3,5.... The first medium is sea
water, the second is ground.

3) &

SN
71

E.. W

(4)

11

-1 t, us
0 50 100 150 200
(3)
Fig. 2. Time-response characteristic of the two-layer medium reaction for the EEx /M Ry system
p) are
B o1 =18/m, o2 =0.18/m, Tu =50us, t =100 ps

(6) 2. The simulation results

Calculations were carried out numerically for individual moments of excitation and reception

I,LSr =1, InSrSr=1. The normalization of the timing determined by the maximum value

for each height h. At a constant conductivity of the medium time signal delay depends only on the

height of the set position on the ground Fig. 2, 1. e, it is determined by the group delay time of the

signal at the t emitter-ground-receiver site. For a fixed point of reference t = 100us dependence

(7) on the parameter h has some extremes Fig. 3. This fact gives hope to receive additional control

factor to reduce the influence of variations in ground elevation. The dependence of the signal

amplitude on the electrical conductivity of the soil Fig. 4 has a monotonous character. For small

ratio o2/01 amplitude increases faster and in o2/01 > 0.7 curve of this relationship comes to an
asymptote, which corresponds to the set work in a homogeneous medium.

On the assumption of smallness relative increments of variable parameters of the Ah/h <1,

0y/01 interface, the RMS value of the amplitude of the synchronous interference will be found

- (9) from the equations:

€h =V Dy, = (GhUIQz)l/Zv €oy = V D,, = (Gaogg)lmv (11>

(8)

z, by

is for where D, and D2 is the variance (power) of the synchronous interference on the parameters h
crete and o o} and o2, is the dispersion terrain height and electrical conductivity;
i h+Ah 5 2
e
m an Gy = — 9l ) dh is average power gradient of the synchronous interference for the
itin Ah O
g e
2
: . den . ;
increment of height h; Go, = Do is the increment 0.
2

(10) Temporary reaction function of the interface and the encompass medium:

e =07 <o (1) |
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Fig. 3. Function of SI (ér) vs the distance from the soil h. Here 1 is the EEx /MRy system,
2 is the MEx /MRy system, o1 =1 S/m, o2 =0.1 S/m, 7, = 50 us, t = 100 us
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Fig. 4. Functional relation of signal amplitude vs electrical conductivity of the soil. Where
h=10m, o1 =1 S/m, 17, =50 us

where ®! is inverse Fourier transform operator.
The instantaneous value of the gradient and height of soil conductivity for EEy /MRy set:

5 2
()l

The estimation of synchronous interference capacity of other set types is the same. Typical
dependence Gy, ratio on the height for the synchronous interference of half-sine pulse with 7, =
50 ps duration, single point P, =1 and fixed delay time in synchronous interference amplitude
is shown in Fig. 5. The Fig. 6 constructs such dependence of G, coefficient with electrical
conductivity of the soil at an average oo = 0.3 S/m.

The areas of these minima factors correspond to the optimal heights recommended for move-
ment of the set. The final movement mode choice be based on similar relationships for the
signal /noise ratio. Compared with the effect of h changes the impact of changes of soil electrical
conductivity on the impulse response, because of the shielding properties of the water, not so
much Fig. 7. The tenfold changes of o2 parameters in range of 50...200 us response amplitude
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) : Fig. 5. Functional relation of the SI random component vs distance to the soil at the fixed
time delay. Where 1 is t = 0 us, 2 is t = 50 pus, 3 is t = 100 ps, 4 is t = 150 us, 5 is
t =200 us, oy =2 S/m, oo =0.1.S/m, 7, =50 us
G, V*
1002
N 1-0ps
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10" o0 e 3-100 ps
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Fig. 6. Functional relation of the SI random component G, vs distance to the soil at fixed time
delay. Where o1 =2 S/m, o9 =0.3 S/m, 7, =50 us
(12)
changes by an average of 5 % . The maximum slope of the dependence er(o2) falls on soil
and water high conductivity contrast plot o3/01 > 0.5, but in the real such a sharp contrast is
(13) hardly possible due to upper soil layers saturation with water. It is interesting to compare these
relationships with those in the case of amplitude change of er; and phase change ¢ synchronous
pical interference harmonic form, Fig. 8 a, b. As in the case of pulsed excitation, there is an expo-
Tw = nential dependence of EMF amplitude in the receiving antenna on distances to the ground and
tude on its linear phase. The interface makes additional correction to the field in a uniform medium
rical with 10 %, if h = 10 m and 0.2 % for h = 20 m. Increment of A up to 1 m gives a phase shift of
16° regardless of the type of excitation. The increment of the electrical conductivity of the soil
ove- o9 up to 1/m gives the phase change of 0.8 in e-mode and 3.3 in m-mode.
the RMS phase increment due to joint changes the parameters h and og: -
ical
Eso 2 25 1/2
- 0 Ll ~ 0 Ll
d A¢, =< | = arct T VAh| + | =— arct T TV NG
Fee On { [6h SRS (Relzy 9oy 8\ Rely, " ;
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Fig. 7. Function of the impulse response vs ground electrical conductivity. Where o = 2 S/m,
2 is0y=118/m
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Fig. 8. a, b. Function of the amplitude and phase of the reflected signal vs source height at
probing harmonic signal. Where 1 is the M Ex/MRx system, 2 is the FEx /MRy system.
¢, d. Function of phase gradient at synchronous interference vs the height and the ground con-
ductivity. Where 1is f =10* Hz, 2is f =2.5-10° Hz

where I,,,l,,y, Rel,,y is the reactive and active components of the interference l,y; Ah is height
standard deviation in the movement; Agy the mean square deviation of the ground-conductivity.

Numerical analysis of the equation (14) shows that in EEx /MRy system synchronous in-
terference gradients phase and soil conductivity Fig. 8c are monotonic functions. The gradient
A¢/Ah is practically determined by the wave number of the upper half-space 3 = Ref1.

Fig. 8d shows that the A¢p/Ah deviation from 24 is 5-60° at low altitudes (h =1...5,,) and
tends to zero when h > 10 m, i.e. A¢n/Ah does not depend on the height average values.
The gradient is defined by o2/01 and if o2/01 — 1 tends to zero. If we consider that the ex-
pected phase increment due to the object search is a value comparable to the relative level of
the secondary field, i.e. about 10~%rad, the increment of A¢r/Ah and Aér/Acy are extremely
large, and the monotonic character of dependencies ¢ri(h) and ¢r(o2) does not give hope for the
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choice of the optimal mode of movement, minimizing the geological interference, if the range of |
operating frequencies will not be expanded.

Among possible modifications of search systems exist sets are insensitive to a change in the
coordinate parameters of synchronous interference in which any component of the secondary field
is zero. Such systems will be called invariant (Tab. 1). Unfortunately, invariance is maintained
only when moving in a very specific direction. For example, in EEx /MRy vertical movement
of the carrier relative to the ground do not change the level of the synchronous interference,
however, minor variations in the angular directions of the system led it into the category of non-
invariant. However, according to the theory and the experimental setup invariant sets provide
substantially smaller synchronous interference value.

Table 1. Combinations of radiation receiving-installations

' S/m,
Type of trans- | Reflect field Invariant receiving
mission system detection
1 2 3
FE, Hye =0; Hyy =0; Hpy =0; Egg; E.y; Ez: MR,; MRy; MRy;
XOZ-plane
Hy, = 0; sz; Hyzy B E:I:y =0; E;, =0 ERya ER.; MRg;
YOZ-plane
ME, H,; sz =0; H..; E.q; Ezy =0, E;, =0 MRy; ER;; ERy;
- XOZ-plane
H., =0 sz =0; H,;; Euu; Ezy =0; E.,=0 MRy; ERyQERz§
YOZ-plane
ME, H;, = 0; sz; Hyzy Eggs Emy =0; By, =0 MRy; ER.; ERy;
XOZ-plane ‘
Hyz; Hyy = 0; Hy, =0; Ezz =0; Egy; E;. MRy; MR_; ERg; |
YOZ-plane
it at
tem. Conclusion
con-
We obtained essentially nonlinear dependence of the observed electromagnetic signals of
search machines on the height position above the seabed and the relative conductivity of the
. host medium (water) and soil. This random signal component (synchronous interference) de-
l_ght fined by variation of the height of the movement apparatus over the ground, depending on the
n'ty. duration of the probe pulse is minimized by determining the distance to the ground.
B In the case of using the harmonic probe signal with a phase method of receiver processing
lent dependence of synchronous interference (SI) on these factors is monotonic and the absolute
level of SI dispersion significantly higher compared with the pulse sensing, indicating that the
nd advantage of using the pulse-shaped radiation along with receiving signals in the pauses between
1es. the relatively strong primary field, which is not implemented in a harmonic signal sets.
ex-
'e;)yf The work was supported by RFBR 14-07-00187A grant "Research electromagnetic effects man-
the agement of sea water parameters using ultrasound to improve radio communication equipment

with underwater objects”.
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Poccusa
,ZIaemc.ﬂ KavecmeeHHaA oUueHKa 0UCTl€pC'U/U. npdﬂumae./w.bw INEKMPOMALHUMHBLL NOMET 30 CHEM 8aPUG- a_nd ﬂ

YUY IAEKMPONPOBOOHOCTIU cPpedbl U PACCMOAHUA DO 2PYHMA NPU J8UNCEHUU NOUCKOBO20 annapama 66au-
3U 2PAHUYDBL Pa30ena MOPCKAA 600a-2DYHM, ONPEICAAIOMCA ONMUMALOHBIE PEHCUMDL OBUINCEHUA U NAPA- In thi
MEMPBL UBAYUAEMBLE 30HOUPYIOULUT CULHANOE ONA DASNUNHIIT KOMOUHAUUT USAYUAMEND-NPUEMHUK.

Knarouesvie caosa: nodeodnas, dena, MOPCKAA 600(1, omparceHHasa 604HaA, SJLB')C’ITLPOM(J,ZHU’I’TLH?JL?'Z, arHmerHa,

NOMETLQA, 2PAHUUQ.
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