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Exact Analysis of the Main Bistatic Scattering Area on Sea Surface
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Abstract—The acertainment and calculation of the bistatic
main scattering area on ocean is the basis for the calculation of
the energy entering the receiver when scattered on the sea
wave scattering. The paper main studies analysis and
calculation of scattering area when transmitter and receiver
are onboard or airborne. Mainly analysis and calculation of
distribution and acreage of the main scattering area while
transmitter and receiver are all onboard, transmitter is
onboard and receiver is airborne, or transmitter and receiver
are all airborne. Studies the calculation of all kind typical main
scattering areas when radar transmitt microwave and it is
received by reconnaissance by simulation.
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I INTRODUCTION

In the calculation of sea electromagnetic wave, we should
consider the transmitted beam and received beam, both of
them should shot sea, and they should have overlap region in
the irradiated region on sea, then the scattering
electromagnetic waves of the transmitter can be detected by
the recelver. Define scattering intensity reference value
0dBreFS[1], it's refers to scattering signal strength on sea
surface in certain direction which ensures the scattering
enagy can be received by the receiver’s antenna. Definition
of main scattering area: Refer to receiver, transmitter
radiating electromagnetic wave, it is scattered by sea surface,
when signal strength per unit acreage that is can be received
by receiver antennais exceeded a certain value, al the points
satisfying condition compose an area, it is namely main
scattering area. In the certain condition here, we define the
main area that while transmitter radiates the sea surface, the
point’s scattering dentity to reciever is the most trength, the
scattering strength per unit area on sea defines OdBreFsS,
when the scattering in anyone point exceeds -10dB(relative
to 0dBreFS), al the points compose main scattering area

Assuming the transmitter antenna is directional beam,
and the receiver antenna is directional beam too, the gain
gradually reduces in the beam edge, when the edge gain
reduce to the tenth of max gain in the center is the edge of
main irradiation area, the intersection area of transmitter
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antenna’s main irradiation and the receiver antenna's main
irradiation on the sea is the approximate main scattering area
in the engineering sense. The paper studies analysis and
caculation of the man scattering area for various
transmitters and receivers on the sea or in the air, including
sea-based transmitter and receiver, sea-based transmitter and
air-based receiver, air-based transmitter and receiver. It
becomes the basis for the calculation of energy received by
thereceiver in case of sea scattering.

II. ANALYSISTHE DISTRIBUTION OF MAIN SCATTERING
AREA

According to power of sea point scattering to receiver
determine and shape and size of the main sea scattering area.

The main scattering area’ s size and shape is related to the
sea conditions, and the signals of the sea distribute within a
certain range, not completely uniformed. The beam of
receiver is also directional, the beam when point to the sea
forms aregion on the sea, shown in the Fig.1, Fig.2, and the
distribution is not entirely average on the area, shown in the
Fig.2.
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Fig.1 The side view of beam irradiation by transmitter and receiver
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Fig.2 The intersection area of transmiting beam and receiving beam

The erect linesfilling areais the area A that the scattering
electronicmegnatic wave can be received by receiver.
Considering the sea scattering, the area A is main scattering
area.

The influence of the receiver of sea scattering depends
on, the beam of transmitter exposure on the area and the
receiver's receiving area,only in the over lapping area, the
sea scattering wave is effective to the receiver, the effective
areais shown asarea D1 and D2 in Fig.2. To take the typical
sea search radar antenna direction graph as an example, the
transmitter antenna of radar and the receiver antenna are all
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use the unidirectional antenna model because of transmiter
and receiver are independent.

The example using the sea search radar antenna direction
graph, the horizontal is gauss beam, the pitching is radar
antenna of CSC? antenna, hypothesis the azimuth is ¢, the
pitching angleis ¢ ,mainly consider the antenna' s main lobe
pattern.

(1)Horizontal antenna direction graph model is:

9(6) = exp(=¢8°)

Intheformula » _ 4Inv2 and

s
6,,—the beam width of half power in one way
(2)The pitching antenna direction graph model is:
sin(0.5¢,. +@,)
f - 0.5 0
() " Jasng,
@, —the pitching angle of radar
@,5—the half power width of pitching direction graph

@, —the max pitching angle of the direction graph,
namely the angle of main lobe direction relate to the
horizontal plane.

So, the gain of CSC? bungalow antenna is the antenna
pattern function multiplying the max gain[2]:

G(0,9)=1G,,9(0) f (9)

in(0.5 @
G exp[—((e—eo)]%w

The receiver’s antenna using the Sinc Figure pattern

function[3] .
sin[2.789_0°jsin[2.78"’_%j
0.5 ¢0.5

F(6,9) =F..
[2.780_00 j[zjs“’"%]
0.5 Dos )

Form the general sense, the main scattering area is the
lapping area of radar exposure area and the receiver’s accept
area.

A. The condition that transmitter and receiver are all
onboard

Form the Fig.3 we know the main scattering area must
lay between the transmitter and receiver. Assuming point A
is origin, the X-axis is the line lining the transmitter and the
receiver, set aline through the transmitter and perpendicular
to X-axis as Y-axis. First, we should confirm the transmitter
antenna’s initid point M, on X-axis and the receiver

antenna sinitia point M, . Assume the transmitter antenna’s

pitch axial is zero, the point that the antenna beam low fringe
reachs the sea is M, ,as the same, assume the receiver

antennd' s pitch axial is zero, the point that the antenna beam
low fringe reachs the sea is M, . The lapping area is the

main scattering area between M, and M, . Dividesiit to two
cases. Case 1. the antenna of transmiter and antenna of

receiver is directly faced, shown as Fig.3; case 2: the
antenna of transmiter and antenna of receiver is not directly

faced, but they have lapping area. Assume L = |A— B| )

First, we analysis the case 1. Because the intersection
point M, is for away from point A and point B, we can

approximate think in point M, the horizontal beam width is
6, - Assume the distance between M, and M, isd, assume

l,=|M,~A[,s0| = H, .
2
d:2r-tg%:21/Hf+lf-tg%

r=yH?+I}
d=2rg e =2 Wi+ g%

The point of intersection of surface exposure width:

A2 12402 6
d,=2 Hf+|§-tg%=2 sz+(L—|0)2°'£9—2’2°'5 ma

ke (K—1)I2+2LI,+(kH? —HZ —1?)=0,and

2
Kk = t9 (61.045/2)
tg (62,0.5/2)
Can get:
o +, /4% —4(k-D)(KHZ-HZ - 1?)
0 2(k-1)
Supposing the angle between two ends of line d to point
B isg, the distanceisr. r and horizonta plane angleis ¢, ,
for get d, ¢, should be calculate.

1) am a the transmitter antenna,when
8,=0, 0, =0,9¢et the edge of beam when the gain of main

lobe down to the 1/10 of max gain, make
1
G,¢)=—G ,can
(6,02) = 15 G
. Y2
6, = ilnsn(o.5¢05+¢c)—1|n(mj
¢ ¢ 107

get:
2) aim at receiver antenna, when ¢, =0, ¢, =0, get the

edge of beam when the gain of main lobe down to the 1/10

of max gain, then make F6,9)= ,get the formula

1.
10

base above condition:

sin 2.78i
G5 _ 0.2787¢p, 1 (3)
(2.7891] Pos sin(2.78¢1j
90.5 ¢0.5
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So we can get g from formula(3) by computer

calculation.
d =2retg6,

Condition first, when the devices is directly faced, the
overlaping area is the main scattering area, the shape is like
the shadow part shown in the Fig.2.

The acreage of area D, is from M, to M, d changes

follow x,indirectly d is function by x. Using intergration gets

the area acreage from M, to M, D, =IM°d(x)dx- As the
M,

same, using intergration to get the area acreage from M to

M, D,= M°d(x)dx. So, the area acreage of main
27 J,

scattering is A =.|'h:ﬂ°d(x)dx+jh:/|2d(x)dx.

Condition second, when the devicesis not directly faced,
the overlaping area is the main scattering area, the shape is
like the shadow part shown in the Fig. 3.
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Fig.3 The effective scattering area when devices are not directly faced
We can calculate the acreage of the area by following
formula(4)[4].

A)=| AdiAd, |_| _ARIAGAY, @
|sm(02—671)| |S|n915|n025|n(02—01)|
B. Condition that transmitter id onboard and receiver
isairborne

when the transmitter is onboard and receiver is airborne,,
the overlaping area is the man scattering area
approximately, and it will show two conditions.

Condition first, the exposure area of receiver antennais
included in the transmitter exposure area to the sea, the
shape is like the shadow part shown in the Fig.4.

Fig4 The exposure area of receiver antenna is included in the
transmitter exposure areato the sea[4]

4H?
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Condition second, the exposure area of receiver antenna
and the transmitter exposure area have overlap region,
considering the condition that overlap has the max area the
shape like the shadow part shown in the Fig.5. The beam of
transmitter antenna has a narrow angle, then the two line of
the beam laying in the ellipse can be consider as parallel
lines.

Ab =4RAx*RAG = AoeAO

A
_____ > -
bary R
A\
b N /
v~
«— ad—>p

Fig.5 The exposure area of receiver antenna and the transmitter
exposure area have overlap region

R=_1_, a=2RA2% 1, 2RAG, AR=RSN(AG) .
SN

sno
6, = arcsin(AR/b)
R is the distance between transmiter and the center of

the ellipse, AR is the distance of approximate parallel area
boundary lines of transmitter beam on sea surface to X-axis.
We can calculate the acreage of the area by following
formula(5)[5].

A, =rab—2ab arccos%— Xy ®)
Thereinto, x= AR/tgé,, y = AR.

C. Condition that transmitter and receiver are all
airborne

when the transmitter is airborne and the receiver is
airborne, the overlaping area is the main scattering area, the
largest overlaping areais commonly shown like the shadow
part in the Fig.6. The ellipse center coincidence, but the long
axis's direction is different. The special case is inclusive
relation, the small ellipse’'s area is the overlaping area

A, =rab, when the elipses are not inclusive relation,
shown as Fig.6.
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<Y

Fig.6 The main scattering area of air transmitter to air receiver

Suppose (X, Y) is the intersect points of the two
ellipses, through the transformation of two coordinates,
(X, y)is transformed to (X, y’) in another coordinate,

and we can get formulae as follows:
X' = (x> + y?)cos’[6, +arctg(y/ X)] (6)

Y = (¢ +y?)sin?[6,+arctg(y/ X)] 7

2 2
FEe
)(2 2
g‘Fé:l (9)

Though simultaneous equations (6)-(8), we can
get:

_x2+bf— X |
2 127 a2
L 5 al E w32(03+ardg|:M:U+
a, X
I 2 2 2 |
X“+b -5 —
ML gnz{eﬁardg{ibl— Vl—xxfaD:l

(10)

y=+h.1-x*/a’ (12)

Adopting computer approach value to formula
(10), we can calculate four value for x, and adopting
formula (11), we can calculate four corresponding
value for y. and then they can form four groups values
of (X, y), and they are the intersecting points.

Adopting integral method to calculate area, can get
calculation formula as follows:

X 2
A =7zab—2j;bl 1—%i M (x) dx

—2[a1b1 arccos%—xzbn/l—x:/af]

thereinto:
M (X) =

\/{xz +bF(1- %Z)}si n[ﬁ3 +arctg [ibl— Vl_xXZIaIZH

In basis of Fig.6 peculiarity, we can calculate intersect
point (X,,0) between ellipse 2 and x axis positive direction.
Basis of follow formula

2 21_X_2 }
{X +bi( alz)
sin 93+arctg[i_bl— “1_XX2/312J =0

(12)

Can get x, = #
Jb’1a +tg’e,

areaformula as follows by formula(12):
2

A, =mab-2["b, 1—%—M(x) dx

, and then we can get

2

_zj:q 1—%+M(x) & (13

—Z[albl arccos%— X,01- X /& j

I1l.  SIMULATION
Composing transmiter is radar and receiver is
reconnaissance.
A. The condition of onboard transmitter and onboard
receiver

Assume point A is radar, point B is receiver, the height
of point A is 30 meter, the height of point B is 30 meter too.
The distance between A, B is 20 kilometer. The antenna of
radar A is CSC bungalow, the receiver antenna B is Sinc
Figure. The main lobe horizontal beam width of antenna A
is 5° the pitching beam width is 30° The main lobe
horizontal beam width of antenna B is 20°, the pitching
beam width is 20°.

Condition first, when the devices is directly faced, the
overlaping areais the main scattering area, the shape is like
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the shadow part shown in the Fig.2. The effective scattering
areaisshown as Fig.7, areais 51.7 square kilometers.

Beam width on sea (km)

L S T = I R TR

L L I I I
o 2 4 6 a8 10 12 14 16 18 20
Distance on sea (km)

Fig.7 The effective area when transmitter antenna directly face to the
receiver antenna

Condition second,when the devices is not directly faced,
the overlaping area is the main scattering area, the shape is
like the shadow part shown in the Fig.3.

When @, =45° , 6,=150° , according to the
simulation results in the further area,
A6, =4.16°,A0, =16.6°, A, = 98.6square kilometers.

B. Condition that transmitter is onboard and receiver
isairborne

Condition first, the transmitter is on sea and the receiver
ison air, the overlaping area is the main scattering area, the
shapeis like the shadow part shown in the Fig.4.

Assume  H, =12000m according to the simulation
results(1) in the further area,
a=70° , Aa=A0 =16.6° , AG,=4.16° , A =547
sguare kilometers.

Condition second, the exposure area of receiver antenna
and the transmitter exposure area have overlap region, the
shape like the shadow part shown in the Fig.5.

Assume H,=12000m according to the simulation

results(1) in the further area,
a=70°, Aa=A60 =16.6°, R =13000m, A6, =4.16°,
A, = 21.8 square kilometers.

C. Condition that transmitter and receiver are all
airborne

when transmitter and receiver are all airborne, the
overlaping areais the main scattering area, when the ellipses
are not inclusive relation, shown as Fig.6.

Assume H, =12000m according to the simulation

results(1) in the further area, ¢, =70°, Ay, = A6, =16.6°.
Assume H, = 7200m according to the simulation results(1)
in the further area,
a,=40° , Aa, =15 , AG,=416° , 6,=50° , 0
A, =37.2 square kilometers.

IV. CONCLIUSION

The paper analyses different cases of main scattering
area, through the geometric analysis and simulation
calculation, laid a foundation for the caculation of the
energy of receiver on bistatic sea surface scattering. It will
play aimportant role to onboard or airborne reconnaissance,
calculation for sea double base radar clutter and single base
radar clutter.
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