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Abstract:  

In this research paper, we evaluate the arrangement transmitter system by Direction of Arrival (DOA) 

estimation plan, and on the evaluation, we make clear problems related to the hardware and transmission 

background of the arrangement transmitter system [1]. Arrangement transmitter systems are often modeled 

without any capacity and the possessions of distinction in characteristics, joint coupling, built-up mistakes, 

etc., are rarely deliberate. DOA estimation using an arrangement transmitter is categorized based on the 

principle of beam and null steering. Both methods require the steering vector of the arrangement transmitter 

for estimation. 
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I. Introduction 

In this research paper, we evaluate the 

arrangement transmitter system by Direction of 

Arrival (DOA) estimation plan, and on this 

evaluation, we make clear problems related to the 

hardware and transmission background of the 

arrangement transmitter system [2]. Arrangement 

transmitter systems are often modeled without 

any capacity and the possessions of distinction in 

characteristics, joint coupling, built-up mistakes, 

etc., are rarely deliberate. The hypothesis or 

theory and measurements differ, particularly 

when the elements are in small number. It is  

 

needed to model the arrangement transmitter 

system both statistically and quantitatively based 

on measurements. First, we formulate the 

arrangement transmitter by Direction of Arrival 

(DOA) estimation and give details the prototype 

arrangement transmitter system. The prototype 

system has been enhanced after every evaluation. 

Next, an evaluation technique using a rotating 

arrangement transmitter system is proposed. This 

technique can be used to evaluate the 

arrangement transmitter system in detail using a 

rotating arrangement transmitter and Direction of 

Arrival estimation [3]. Further, we evaluate the 
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error factor experimentally in an anechoic 

chamber.  

II. Formulation of the arrangement transmitter 

system 

First, we formulate a uniformly spaced linear 

arrangement transmitter ignoring mutual coupling 

between arrangement elements and assume that 

the element patterns of the arrangement 

transmitter are identical [4]. We consider narrow 

band plane waves W, where the center wavelength 

is λ, and the observed linear arrangement 

transmitter consists of d intervals with M 

transmitter elements. Figure 1.1 shows the 

arrangement transmitter geometry system.  

 

 

Figure 1.1: Arrangement transmitter geometry 

system 

The output signal of the mth element can be 

described as follows:  

….. (1.1) 

 

                                   

…. (1.2) 

 

Where s
w
(t) and θ

w 
are the complex amplitude and 

Direction of Arrival of the wth source, in that 

order, the vertical direction in terms of the 

arrangement system is assumed to be 0°, n
m

(t) is 

the normally distributed noise with mean “0” and 

variance σ
2

, f is the carrier frequency, and c is the 

luminous flux. Equation (1.1) can be expressed 

using vector demonstration as follows:  

…… (1.3) 

…….. (1.4) 

……….. (1.5) 

…….(1.6) 
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….(1.7) 

…….(1.8) 

Where the superscript “T” represent the transpose 

of the vector or matrix. α (θW) is term the    

“steering vector,” which show the in receipt of 

characteristics of the arrangement transmitter for 

the direction of θw [5].  

Then, the arrangement correlation matrix is 

defined as follows:  

                                                    

………(1.9) 

                                                           

 

Where E[·] denotes the expectation operator, the 

superscript H denotes the compound conjugate 

transpose of the vector or matrix, and S is the 

source correlation matrix defined as: 

                                             

………… (1.10) 

The Eigen values and associated eigenvectors of 

R
xx 

are defined as λ
m 

and e
m

, respectively; 

therefore, the correlation matrix takes the 
following form:  

                                     

……(1.11) 

 

Where “E” is a row matrix of e
m 

and Λ is a 

diagonal matrix of λ
m

. When correlation-ship 

between sources and noise has no correlation-ship 

with source, the Eigen values of R
xx 

are related as 

follows:  

……….. (1.12) 

 

This implies that an Eigen value can be separated 

into a signal component and a noise component; 

defined as Λ
S 

and Λ
N
, respectively, and the 

corresponding eigenvectors are defined as E
S 

and 

E
N

, respectively. Thus, equation 1.12 can be 

expressed as: 

                ……… 

(1.13) 

III. Formulation of DOA Estimation  

The algorithm of DOA estimation using an 

arrangement transmitter is categorized based on 

the principle of beam and null steering. Both 

methods require the steering vector of the 

arrangement transmitter for estimation [6]. 

However, in the ESPRIT method, the steering 

vector of two identical sub-arrangements is 

already known.  

Here, we formulate a representation for the 

MUSIC method. On comparing equations (1.9) 
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and (1.13), a component of E
N 

is perpendicular to 

the steering vector A.  

 

 

                                                  

………….. (1.14) 

On the basis of this relation, DOA estimation is 
conducted with the following equation:  

                                  

       ….1.15 

The denominator is a scalar product between the 

steering vector and the noise eigenvector; 

P
MUSIC

(θ) becomes infinite when θ satisfies 

equation (1.14). The plot of P
MUSIC

(θ) with 

varying values of θ is called the MUSIC spectrum 

and the peaks represent the estimated DOA [7]. 

Therefore, DOA estimation by the MUSIC 

method has the following requirements. F irst, 

correlation of arriving waves should be low and 

should be absent with noise. When the correlation 

is high, the SSP (Spatial Smoothing 

Preprocessing) method is proposed in order to 

suppress the correlation. Second, the number of 

waves W should be smaller than the number of 

elements M. Third, accurate information regarding 

the steering vector a(θ) and W should be 

previously available. 

IV. Evaluation of prototype arrangement 

transmitter system 

In order to verify a system by DOA estimation, an 

arrangement transmitter verification system with 

DOA estimation is proposed. In this system, DOA 

is varied by rotating the receiving arrangement 

transmitter on a rotator with a fixed transmitting 

transmitter, and the estimation error is verified [8]. 

Since the transmitting transmitter is fixed, a 

highly accurate verification is obtained.  

 
 

Figure 1.2: Evaluation of the arrangement 

transmitter system 

Figure: 1.2 shows the x-y coordinate system in 

which the center of rotation of the getting 

arrangement transmitter lies at the origin, the 

angle of the receiving arrangement transmitter to 

the x axis is defined as ρ, and the direction of the 

transmitting transmitter to the y axis is defined as 

τ
w
. The current DOA θ

w 
at the receiving point is: 

……………….. (1.16) 

For example: when the transmitting transmitter is 

on the “y” axis (τ
w 

= 0), θ
w 

= –τ
w
. The DOA 

estimation error δ
w 

is defined as: 

………………. (1.17) 

Where ε
w 

is the estimated angle.  
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The DBF (Digital Beam Forming) receiver is 

composed of cables, frequency converters, filters, 

etc. These characteristics differ in each channel 

and vary depending on time, temperature, etc. 

Thus, since the characteristics differ from channel 

to channel, it is necessary to calibrate the phase 

and amplitude in each channel [9]. The phase and 

amplitude of the received signal in each channel 

of the DBF arrangement transmitter were adjusted 

by calibration before carrying out measurements 

when a sine wave was transmitted to the receiving 

arrangement transmitter (τw = ρ = 0 in Figure 

1.2). When the arriving wave is assumed to be a 

plane wave, the received signal in each element 

becomes equal. The diffusion of each transmitter 

element, cables, and low-cost RF circuits can be 

restrained by this procedure.  

V. Prototype arrangement of transmitter 

Systems  

The basic building of an arrangement transmitter 

system is shown in Figure 1.3. The signal received 

from the arrangement transmitter is converted to 

low frequency in the DBF receiver and stored in 

the PC’s (Personal computer) memory used of an 

AD (Analog to Digital) converter. This operation 

is synchronously carried out for each channel. 

This arrangement transmitter system offers the 

best configuration for mobile communication 

since multiple patterns can be steered 

simultaneously [10]. It is possible to operate all 

adaptive algorithms and all DOA estimation 

algorithms using by this system for measurement. 

Thus far-off, we have designed some prototype 

arrangement transmitter systems in our laboratory 

and have subsequently tested and improved each 

one. Below lists the characteristics of the 

prototype receivers [11] [12]. The block diagram 

of the initial model is shown in Figure 1.3. In this 

model, the RF signal received from the 

arrangement transmitter passes through three steps 

of frequency conversion and orthogonal decay, 

and we obtain the In-phase and Quadrature phase 

signals for each element as outputs. The phase 

and amplitude of each channel can be separately 

controlled within ±90° and ±5 dB, in that order, 

using the controller attaché to the receiver system 

[13]. Previous to designing the receiver, the 

following points eminent:  

 

Figure 1.3: Composition of the DBF 

arrangement transmitter system 

1. The electrical length from RF input to IQ 

output is kept constant between channels.  

2. The phase and amplitude of the LO input 

to the mixer are kept constant between 

channels.  

3. The system should be designed such that 

the characteristics of the circuits (phase 
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and gain) are not easily influenced by 

external factors.  

4. Independent phase and amplitude 

adjustment circuits are installed in each 

channel.  

However, this composition poses a problem—

the phase and amplitude cannot be adjusted 

independently (amplitude changes when the 

phase is changed), the shift in the range of the 

phase is limited, and the orthogonality of IQ 

suffers due to the instability of an internal 

oscillator. These problems were solved by 

incorporating a series of improvements.  

 

VI. Conclusion 

In this research paper, we formulated the 

arrangement transmitter and DOA estimation 

and explained prototype arrangement 

transmitter systems. An evaluation method 

using a rotating arrangement transmitter is 

proposed. We analyzed the error factor based 

on experiments conducted in the anechoic 

chamber. We evaluated the arrangement 

transmitter system using DOA estimation, and 

on the basis of this evaluation, we clarify the 

problems related with the hardware and 

propagation environment of the arrangement 

transmitter system. The DOA estimation error 

is large due to errors from inaccuracies in the 

arrangement element intervals and mutual 

combination. These errors are not 

independent, and they differ with the 

transmitter structure design and machining 

correctness.  
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