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OPTIMIZATION OF COHERENT THREE DIMENSIONAL
DIRECTION LOCK LOOP FOR DS/CDMA SYSTEMS
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Abstract – In this paper, an algorithm for three dimensional direction of arrival estimation is analyzed. The analyzed algorithm is presented using model of the mobile receiver having three antennas.  It is shown that the algorithm is able to track both azimuth and elevation by forming two S-curves, one for each angle, if the initial direction of arrival estimate is within a certain range which is referred to as the locking range. Furthermore, this paper analyzes the influence of azimuth to elevation DOA estimation and contrariwise. Also value for shift angle is optimized.
Keywords – Direction of arrival (DOA), Direction lock loop, DOA tracking, smart antenna
1. INTRODUCTION
A higher demand in wireless communications calls for higher system capacities. Therefore, the modern wireless communication systems use a number of different methods for the capacity increase. One of the most important and most promising methods is space-division multiple-access (SDMA), implemented by using smart antenna systems and spatial filtering interference reduction. In recent years, smart antenna systems based on direction-of-arrival (DOA) have been developed to effectively suppress undesired signals from other directions by forming a beam pattern [1].

In the smart antenna systems, the problem of estimating the DOA of multiple moving sources is of great interest and many DOA estimation techniques have been developed. Eigen structure methods such as MUSIC and ESPRIT have been widely used in providing estimates of the DOA of signals [2], [3]. These algorithms are developed to exploit the benefits of temporal integration of the array data, thus usually have deteriorated performance in the presence of moving sources because they provide reduced resolution due to the spreading of the array spatial spectrum caused by the motion of the sources [4]. The computational burden of the eigen analysis also increases significantly with the number of antenna elements.
To overcome the spread of the spatial spectrum and the computational requirement of the eigen methods, subspace tracking algorithms have been proposed such as projection approximation subspace tracking with deflation algorithm (PASTd) [5]. This algorithm tracks a signal subspace recursively. It is less computationally complex than previously mentioned methods, and the computational requirement can be reduced to in direct-sequence code-division multiple-access (DS/CDMA) systems with the assumption that a signal power is much stronger than that of the multiple access interference (MAI) after despreading [6].

In [7], a DOA tracking scheme is proposed for DS/CDMA systems. Since this scheme is similar to the delay lock loop (DLL) used for code tracking in DS/CDMA systems [8]–[10], it is referred to as the direction lock loop (DiLL) scheme in this paper and similarly in [11]–[13]. In [14], the DLL concept was applied to the beam tracking algorithm for fast moving signal sources. However, it was developed to track not the DOA of signals but the beam pattern. Thus, we cannot track the DOA of signals using the algorithm proposed in [14]. An error signal for the DOA tracking is generated from the spatial correlation of an input signal and the array response vectors whose directions are shifted from the current DOA tracking value. This error signal is used to iteratively update DOA tracking value. The DiLL may be implemented in both coherent and noncoherent modes

A modification of the DiLL algorithm is proposed in this paper. The modified algorithm is able to track both azimuth and elevation of the incoming signal if the initial values of these angles are within a certain range which is referred to as the locking range like the DLL scheme in timing synchronization. As shown in (7(, DiLL may be coherent or noncoherent. Coherent algorithm is considered in this paper.
2. SYSTEM MODEL
Let us consider an antenna array shown in Fig. 1. This array models a mobile receiver having one antenna at top, one at bottom and one antenna at its side. Having in mind Fig. 1, the mobile receiver has length of 2d, and width of 2h. It can be shown that the array factor of this array is


[image: image1.wmf]÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

-

-

+

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

-

-

+

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

-

=

q

p

f

l

p

q

f

a

q

p

f

l

p

q

f

a

q

f

l

p

q

f

a

f

q

cos

)

cos(

2

)

,

(

exp

cos

)

2

/

cos(

2

)

,

(

exp

cos

cos

2

)

,

(

exp

)

,

(

3

3

2

2

1

1

d

j

A

h

j

A

d

j

A

F

,
(1)
where 
[image: image2.wmf]k

j

k

e

A

a

denotes the complex weight for kth element, and 
[image: image3.wmf])

,

(

q

f

a

k

is represented as


[image: image4.wmf]q

p

f

l

p

q

f

a

q

p

f

l

p

q

f

a

q

f

l

p

q

f

a

cos

)

cos(

2

)

,

(

cos

)

2

/

cos(

2

)

,

(

cos

cos

2

)

,

(

3

2

1

-

=

-

=

=

d

h

d


(2)
[image: image5.emf] 

x  

y  

z  

  

  

P ( r,  ,  )  

d  

d  

h  


Fig. 1. A model of the antenna array

Therefore, signal received by n-th antenna, rn, may be written as
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where K is the number of signal sources, ((k(t), (k(t)) is the DOA of k-th source, (k is the carrier phase uniformly distributed in (0, 2((, dk(i) is the transmitted data, ck(t) is the spreading sequence waveform with processing gain L, vn(t) is the additive Gaussian noise, T is symbol interval, and (k is the time delay. The received signal may be written in vector form as
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 is a 3 ( 1 vector of the received signals at time t.
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 is the source DOA parameter vector.
· А(((t)) is the composite array response matrix which is determined by the DOA of signals; k-th column of this matrix is defined as the array response vector associated with the k-th source and is given by 
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 is a 3 ( 1 additive noise vector, which is assumed to be spatially and temporally white Gaussian
3. COHERENT DILL

In this section, a DOA tracking scheme, coherent DiLL, is analyzed for DS/CDMA systems.

Block diagram of the proposed scheme is similar to the two dimensional DiLL scheme in (7(. The difference is that the three dimensional DiLL has two separate blocks for estimating azimuth and elevation, respectively. The received signals are despread by the users’ own spreading sequences for each of the antenna elements. Therefore, the k-th user’s despread and sampled array vector signal rk(i), may be written as
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where the cross correlation of the spreading sequences may be defined as 
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 when the time delay of all users are zero, and vk(i) is the despread noise signal vector whose covariance matrix is (2I. rk(i) is spatially correlated simultaneously with right-shifted and left-shifted array response vectors for both azimuth and elevation to produce correlator outputs zkR((i), zkL((i) for azimuth, and zkR((i), zkL((i) for elevation. The spatial correlator outputs may be represented as
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where 
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The difference between the two correlator outputs is multiplied by a conjugate of transmitted data estimate and carrier phase estimate, and then we take the real part to produce an error signal in the coherent mode, which is defined as
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where wkc( and wkc( are terms that represent the remaining multiple access interference and noise, and coherent elevation and azimuth S-curves are defined as
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where 
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 is the DOA at time index i, and normalized spatial correlation function is
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The superscript H denotes the Hermitian transpose.

Similarly as in [7], to remove bias error, signal have to be modified with a modification factor
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where 
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 represents elevation modification factor, 
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The slope of the modified azimuth S-curve or elevation S-curve, when  
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, respectively, plays an important role in DOA estimation. The slope of elevation  and azimuth S-curve is calculated as
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4. NUMERICAL RESULTS
The parameters of the antenna array are d = ( / 2, h = ( / 10. 

Fig. 2 shows azimuth S-curve as a function of elevation. Azimuth and elevation array are directioned towards 
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 takes different values as plot shows. Elevation does not have significant influence in azimuth DOA estimation, and also has negligible influence in locking range.


Fig.3. shows the slope of modified azimuth S-curve as a function of , when antenna array is directioned towards 
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 direction. The slope should be as high as possible, so it was chosen 
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Fig.2. Azimuth DOA as a function of elevation DOA
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Fig.3. Slope of the modified azimuth S-curve
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Fig.4. Azimuth S-curve vs. shift angle


Fig.4. shows azimuth S-curve with azimuth shift angle as a parameter. It can be seen that small change in shift angle does not have high influence on S-curve shape.
5. CONCLUSION
In this paper, an algorithm for s coherent  three dimensional direction of arrival estimation is analyzed. The algorithm is able to track both azimuth and elevation by forming two S-curves, one for each angle, if the initial direction of arrival estimate is within the locking range. The locking range depends on the direction the array is directioned to, and on the current estimate of the direction of arrival angles. Current estimation azimuth angle have not significant influence to elevation DOA estimation angle and contrariwise. It was shown that small change in shift angle does not have high influence on S-curve shape. An algorithm for the estimation of the initial DOA angle will be the subject of the authors' future work.
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