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Abstract— Our aim is to develop the method of location

subscriber to be used in military communication nets. This

method is based on frequency offset measurement. Analytic

description of the Doppler effect creates one of such possibil-

ities. In this paper, an original location subscriber method

is presented. We showed the Maxwell equations solution in

the case of a transmitter continually changing location in re-

lation to a receiver. It makes possible to calculate exactly the

value of the received signal parameters especially frequency

offset. The methodology described in this paper shows that

the Doppler frequency offset value can be used for radio sig-

nal sources location.

Keywords— mobile radio communication, Doppler effect, loca-

tion of radio waves sources.

1. Introduction

Over that last decade, the emerging location service of

electromagnetic waves sources has found numerous appli-

cations in the commercial as well as the military radio

systems. The rapid technological advances have made it

to implement radio navigation, radio communication nets

and military radio electronic recognition. In this paper,

we concentrate on location service of a subscriber in radio

communication nets.

Several methods for subscriber location in radio commu-

nication nets have been already presented [1−3]. Many

researches were focused on development of methods that

allow the application of well-known time-spectrum signal

structure. Some methods do not require the system infor-

mation. Nevertheless, there are few efficient methods for

location of a subscriber in radio communication nets:

– access station identification − so-called cell ID or

cell of origin (CoO),

– angle of arrival (AoA),

– time of arrival (ToA),

– time difference of arrival (TDoA),

– received signal strength (RSS),

– global positioning system (GPS).

Each of foregoing methods have some advantages and some

disadvantages too. In radio communication net, when the

location signal source is an element of this system, few

methods could be applied. If located source is an element

of unknown communication nets, only AoA method could

be used. In this case, direction determination of electro-

magnetic wave source requires complex receiving antenna

system and equipment.

Disadvantages of foregoing methods make difficult for prac-

tical utilization. These factors have motivated the develop-

ment of new subscriber location methods in communication

nets. Analytic description of the Doppler effect creates one

of such possibilities.

In [4] we showed the Maxwell equations solution in the

case of a transmitter continually changing location in re-

lation to a receiver. The obtained solution presents the

exact description of the received signal parameters that re-

sult from the location change between a transmitter and

a receiver. The analytic description of this problem makes

it possible to calculate exactly the value of the received

signal parameters especially frequency offset.

An original location method is derived using analytical ex-

pression for frequency offset. In this paper, our aim is to

described method of subscriber location that can be used

in military communication nets. This method bases on fre-

quency offset measurement.

2. Analytic description

of the Doppler effect

The analytic description of the Doppler effect results from

solution of Maxwell equations for space stationary system

included signal source and signal receiver. In classical ap-

proach to this problem the formula of the electric field

strength for a far-field region presents the basis for the de-

scription of the object location change. In the case of the

half wavelength dipole as an antenna, the temporary value

of the electric field strength is given by (cf. [5]):

E(t) = iµ0 f0

I0

β r

cos((π
2
)cosθ )

sinθ
e

i(ω0t−β r) , (1)

where: f0 – the signal frequency, ω0 = 2π f0, β = 2π/λ =
ω0/c – the wave number (λ – wavelength, c – speed of

light), µ0 – the magnetic permeability of free-space, θ – the

elevation angle, I0 – the amplitude of the antenna current,

and r – denotes distance (in general) between transmitter

and receiver.

Therefore the phase angle Φ0(t) is following:

Φ0(t) = 2π f0t −β r . (2)

When the transmitter is moving and it is covering a dis-

tance δ r then the phase is changing due to change of the

value r, namely:

Φ(t) = 2π f0t −β (r∓ δ r) , (3)
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(when the signal source is moving from the receiver the

sign is “+”, whereas when transmitter is moving toward

the receiver the sign is “−”).

In the case of constant velocity of motion v the increase

of distance amounts δ r = vt, thus the change of signal fre-

quency is described by the following dependence (cf. [6]):

f (t) =
1

2π

d

dt
Φ(t) =

d

dt

(

f0t −
β r

2π
±

v

λ
t

)

= f0 ±
v

λ
. (4)

If the signal source moves towards the position of the re-

ceiver at an angle ϕ then:

f (t) = f0 +
v

λ
cosϕ . (5)

The frequency fD = (v/λ )cosϕ is called the Doppler fre-

quency.

In the case of free space, the Faraday and the Ampere equa-

tions as well as the property of vector field double rotation

are the basis for the following wave equation describing the

vector of the electric field strength:

E(x,t) =
[

Ex(x,t),Ey(x,t),Ez(x,t)
]

,

1

c2

∂ 2

∂ t2
E(x,t)−∆E(x,t) = −µ0

∂

∂ t
i0(x,t) , (6)

where: x = (x,y,z) is the space coordinate, i0(x,t) =
(

ix(x,t), iy(x,t), iz(x,t)
)

is the vector of current density

(distribution of current in antenna − source of the electro-

magnetic field), ∆ =
∂ 2

∂x2
+

∂ 2

∂y2
+

∂ 2

∂ z2
− Laplacian.

In [4] we have concentrated on two considerations:

– the linear antenna system, i.e., we assume that the

current density vector has the form

i0(x,t) = (0,0, iz(x,t) = i0(t) · I(z) ·δ (x) ·δ (y)) , (7)

– the motion of signal source model in x coordinate

direction with v velocity.

Thus the problem has been reduced to solve the following

second orders partial differential equation:

1

c2

∂ 2

∂ t2
E(x,t)+ ∆E(x,t)

= −µ0

∂

∂ t
[i0(t) · I(z) ·δ (x− vt) ·δ (y)] .

(8)

The solution of the above equation has been carried out

in two stages. Firstly, we have found the fundamental so-

lution of the Eq. (8). To solve the distribution wave equa-

tion we used the integral transformations, i.e., the Laplace

transform (in relation to normalized time variable) and

the Fourier transform (in relation to space variables).

The original form of the analysis problem solution has

been calculated by applying the Cagniard-deHoop method.

The solution of analysis problem is the convolution of the

fundamental solution with the function describing current

space distribution.

The analytic form of the phase of electric field generated

by moving transmitter is ([4]):

Φ(x,t) = ω1t −β1kx−β1R0(x,t)−
π

2
, (9)

where: k = v/c , β1 = ω1/c = β/(1− k2) ,

ω1 = ω0/(1− k2) = 2π f0/(1− k2) ,

R0(x,t) =
√

(x− vt)2 +(1− k2) · (y2 + z2) .

Hence, the instantaneous frequency f (x,t) is expressed as

follows:

f (x,t) =
1

2π

d

dt
Φ(x,t)

=
f0

1− k2
−

f0

c(1− k2)

d

dt
R0(x,t) .

(10)

So, the Doppler frequency expresses the following depen-

dence:

fD(x,t) = f (x,t)− f0 =
k

1− k2

[

k +
x− vt

R0(x,t)

]

f0 . (11)

Then, we notice that the value of the Doppler frequency

fD(x,t) depends not only on signal source velocity and car-

rier frequency but also on mutual space location of a signal

source and a receiver. Notice the fD(x,t) linear depen-

dence on the frequency carrier, whereas the dependence on

velocity and space coordinate has a more complex char-

acter. Location calculation are made on the basis of the

above formula and the described value of Doppler fre-

quency shifts as a function of movement and coordinates of

signal source parameters. The frequency temporary value

f (x,t) = f0 + fD(x,t) measurement over mobile station is

the basis of the new method of the subscriber location.

3. New location method of radio signals

sources

The illustration of the subscriber location methodology is

shown in Fig. 1. Measurement of the Doppler frequency

offset is base of this method.

The Doppler curves for five different locations of subscriber

(station) are presented in Fig. 2. The diverse courses of

the Doppler curves (Fig. 2) are characteristic for each sub-

scriber location. It determinates methodology of the fre-

quency offset value using to three-dimensional location.

Basing on Eq. (11) formulas of the subscriber location in-

dividual x, y, z coordinates relative to initial mobile station

location can be obtained. In case of the mobile station is

moving at fixed altitude (y = const), then it should mark
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Fig. 1. Space structure of the mutually mobile station and five

station locations.

Fig. 2. Diverse courses of the Doppler curves as function of

the mobile station to subscriber vt − x distance for five different

subscriber locations.

only two x and z coordinates. After elementary transforma-

tion of the expression (11) for two moments t1 and t2 the

formulas describing x and z coordinates are following:



































x = v
t1A(t1)− t2A(t2)

A(t1)−A(t2)
,

z = ±

√

√

√

√

√

[

v(t1 − t2)A(t1)A(t2)

A(t1)−A(t2)

]2

1− k2
− y2 ,

(12)

where:

A(t) =

√

1−F2(t)

F(t)
,

F(t) =
fD(t)

f0

1− k2

k
− k.

(13)

This methodology and also method of bearing and three-

dimensional location has been described in patent applica-

tion [7].

4. Results and discussion

Noise and limited precision of the parameters measurement

limit a precision of this method. Analysis of the measure-

ment errors influence is conducted by following assump-

tions: xxx = (x,y,z) = (20,0.5,10) km − located station posi-

tion relative mobile station, v = 200 km/h − mobile station

velocity, f0 = 900 MHz − transmitted signal frequency,

∆ f =1 Hz − frequency absolute error.

The Doppler curves for foregoing foundations are presented

in Fig. 3.

Fig. 3. Courses of the Doppler curves as function of the vt −x.

In order to perform precision evaluation of this location

methodology, following new quality measure was intro-

duced:

∆r =
√

(∆x)2 +(∆z)2

=
√

|x− x̃|2 + |z− z̃|2 ,
(14)

where: x̃, z̃ − station position coordinates calculated from

formulas (12), x, z, − real coordinates.

Fig. 4. The script of numeric calculations − the orthographical

projection of the movement measuring receiver set trajectory in

relation to radio signal source.

90



Subscriber location in radio communication nets

Figure 4 shows graphic explanation of introduced quanti-

ties.

Figures 5−9 present measures x̃, z̃, ∆x, ∆z and ∆r change as

function of the vt−x mobile station to subscriber distance.

Fig. 5. Courses of changes x̃ as function of the vt −x.

Fig. 6. Courses of changes z̃ as function of the vt −x.

Fig. 7. Courses of changes ∆x as function of the vt −x.

Fig. 8. Courses of changes ∆z as function of the vt −x.

Fig. 9. Courses of changes ∆r as function of the vt −x.

5. Conclusions

The methodology introduced in this paper shows that the

Doppler frequency offset value could be used for radio sig-

nal sources location. Coordinates of these sources can be

calculated basing on the frequency offset of the received

signal at two different measurement moments. The limited

area of effective measurement of frequency, where source

coordinates can be determined, results in the Doppler

curves course character. These limitations impose mea-

surements exercise methodology in practice. The location

range area is determined by change of measurement pa-

rameters, e.g., velocity value and movement trajectory of

receiver.

Fundamentally, location precision is conditioned by: pre-

cision of the frequency offset value and the Doppler fre-

quency range as well as the distance from transmitter to

receiver at a moment of the measurement. In practice, pre-

sented method is determined by foregoing factors.
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