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Abstract. Based on analyses multipath fading of ground-to-air channel under 
different elevation angle circumstances, according to the characteristic and 
change range of ground-to-air channel Rice factor determining Weighted value, 
the direction-finding and positioning algorithm which airborne interferometer 
and spaceborne interferometer usually adopting is improved under the influence 
of different elevation angle ground-to-air channel, the simulation results have 
verified improvement algorithm validity in advancing positioning precision. 
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1   Introduction 

In the interferometer direction-finding and positioning system, the ground-to-air 
channel transmission usually cause the parameter measure error of receiving signal, 
but [1][2] studied interferometer direction-finding and positioning based on the 
perfect electromagnetic wave transmission circumstances, it did not accord with the 
actual application, [3][4]proposed the method of join weighted value in order to 
improve positioning precision, but how to determine weighted value is not presented, 
[5][6]mentioned the weighted value determining method, but the concretely applied 
occasion is not distinguished. 

In this paper, according to transmitting signal actual fading degree in the different 
elevation angle ground-to-air channel transmission process sorting channel type, 
aiming at specific circumstances of different interferometer carrier propose weighted 
value determining method, airborne interferometer and spaceborne interferometer 
direction-finding and positioning algorithm have improved under the influence of 
different elevation angle ground-to-air channel through parameter measure is affected 
by different Rice factor. 
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2   Characteristics of Multipath Fading in Ground-to-Air 
Communications 

In ground-to-air communications, the causes of multipath mainly from three aspects: ①
scattering from the surface feature and topography near the ground station; ②aerial 
carrier reflection or scattering; ③ remote ground barrier reflection. Usually, the degree 
of multipath fading in ground-to-air communications has involved with relative 
elevation angle of the aerial carrier and ground station, according to the different 
elevation angle, ground-to-air channel can be described by four types, such as Fig. 1. 

 

 

Fig. 1. Types of ground-to-air channel in different elevation angle 

For the airborne interferometer, elevation angle of target radiation relative to 
aircraft will not be big in order to ensure enough distance of reconnaissance direction-
finding and avoid the enemy fire. In Fig. 1, the ground-to-air channel is called Rice 
channel while the elevation angle is small. (Rayleigh channel is a special case of Rice 
channel), Rice factor K  is defined as the ratio between the direct component power 
and all scattering wave power, which completely determines the degree of multipath 
fading. The direct component power and all scattering wave power can express 
respectively 
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Where P  is total power of receiving signal.  
Rice factor of ground-to-air channel under the low elevation is usually in the 

interval of 2-15dB[7]. For the spaceborne interferometer, the elevation angle of target 
radiation relative to satellite is observable, Rice factor K  is big, and ground-to-air 
channel will tend to Gaussian channel from the Rice channel. 

The Power Spectrum of Angle of Arriving ϕ (AOA) submit to three special 

distribution: even distributing, Gauss distribution and Laplace distribution. Due to the 
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von Mises distribution can approach else distribution, so expression of von Mises 
distribution is  
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where 0I  is the zero-order modified Bessel function, parameter 0u ≥  control the 

shape of Power Spectrum of Angle. When 0u = ,  
1
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= ; When u = ∞ , 

( ) ( )AP ϕ δ ϕ= ,where ( )δ ϕ  is Dirac function; when u  is small, von Mises 

distribution approach cosine distribution; when u  is large, von Mises distributing 

approach the Gauss distribution of mean ϕ  and variance 
1

u
. 

3   Improved Direction-Finding Positioning Algorithm Used in 
Airborne Interferometer 

Under the low elevation, the height of aircraft can be ignored, Namely that the aircraft 
and ground target radiation are horizontal, aircraft will measure the azimuth of the 
target radiation in different locations, and achieve positioning using the intersection of 
azimuth line[1]. 

3.1   Weighted Least Squares Estimates (WLSE) for Positioning 

In order to improve the positioning accuracy, usually Least Squares Estimates (LSE) 
is used to process azimuth measure data, however, the error variance of azimuth 
measure is different in diverse channel state, so the location of target radiation can be 
estimated by Weighted Least Squares Estimates (WLSE). On the assumption that the 
actual position coordinates of target radiation is ( , )x y , Coordinates of thi  

observation point of aircraft is ( , )i ix y , measure azimuth is iα , then iα  can be 

calculated as follow, 

( , )i i ih x y vα = +                                              (3) 

where 
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iv  is thi  measure error. The initial estimate point 0 0( , )x y  of formula (3) in the 

target position ( , )x y  is linearized by Taylor series expansion, and retain the first 

and second items, then formula（3） can be changed into formula (4), 
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All observation points are put into a matrix, observation equation can be obtained 

Z = H W + Vi                                          (5) 
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Cost function of WLSE can be obtained as 
T=ε V PV                                   (6) 

where P  is weighted matrix. （6）can also express 

[ ] [ ]T= − −ε Z H W P Z H Wi i                            (7) 
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, so 
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On the assumption that measure error of each observation point is independent and 

mean is null, variance is 2
iσ ( 1, 2,..., )i n= , then the matrix P  meet the 

following condition, 

1−=P J                                  (9) 

where 
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On the assumption that the actual position coordinates and estimation position 

coordinates of target radiation is T[ , ]x y=X  and T[ , ]x y=X� � � respectively, so 
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The expression（10）prove that WLSE is agonic estimation algorithm when the mean 
of measure error equal to zero. 

3.2   Weighted Value Determination under the Influence of the Ground-to-Air 
Channel 

Measure error under the influence of Rice channel exist CRAMER-RAO bound, for 
the uniform linear array, The CRAMER-RAO bound is[8] 
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Where K  is Rice factor; M  is the number of antenna array elements; L  is the 
total length of the line array; λ is the wavelength of the received wave; α  is the 
azimuth of the received wave (the angle between the received wave and the direction–
finding baseline). If using two mutual vertical linear arrays, the lesser one can be 
selected as the CRAMER-RAO bound of the actual direction–finding system. In  
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formula (11), the weighted value of WLSE for positioning under the influence of the 
ground-to-air channel can be obtained by estimating the Rice factor K . 

The Rice factor K  can be estimated by the lookup table of the first and second-
order moment information，not only the estimation precision is well, but also real 
time can be met. The expressions of Rice distribution random order moment is[9] 

2 2
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where ( )Γ i  is Gamma function, 1 1( )F i  is Confluent hypergeometric function. 

The following formula can be obtained according to first and second-order 
moment information 
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where 0I ( )i  and 1I ( )i  are the first and the zero-order modified Bessel function 

respectively. 
Because the Rice factor K  of ground-to-air channel under the low elevation is 

usually in a certain range, it is easier to obtain the value of K  by lookup table than 

by equation (13), namely that 1μ  and 2μ  are obtained by calculating the formula 

(13) with the value of K  in a certain range, and compare them with the measured 

1μ  and 2μ , then take the most similar value of K  in the table as estimation result. 

4   Improved Positioning Algorithm Used in Spaceborne 
Interferometer 

For the spaceborne interferometer, positioning can be achieved by measuring the 
azimuth and the elevation of target radiation on the ground. The positioning geometry 
model is shown in Fig. 2. 

In Fig. 2,  is the line of sight(connection between the receiving antenna O and 

the target radiation T on the ground)distance,  and  is the angle between the 

line of sight with the X-axis and Y-axis respectively,  is the height of the satellite, 
 is the coordinates of the target radiation on the ground, and the length of the 

two direction-finding baselines , then 

r
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Fig. 2. Spaceborne interferometer positioning sketch map 
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The target radiation can obtain from formula (14) 
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On the assumption that the satellite gets n positioning points ( , )i ix y

( 1, 2,..., )i n= during the move, generally the n positioning points are fused by the 

average method [2], that is, 
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4.1   The Influence of Ground-to-Air Channel on the Average Fusion Method of 
the Positioning Points 

When fusing the positioning points by the average method, if the distribution of the 

positioning point ( , )i ix y is agonic, the positioning point estimation ( , )x y� � is agonic 

too, the estimation result is optimal, whereas, if the distribution of the positioning 
point is biased, a great error will exist in the fusion of the several positioning points 
by the formula (16). The demonstration about biased distribution of the positioning 
point under the influence of the ground-to-air channel is present as following. 

For simplicity, only show demonstration that whether x  is biased, and the 

demonstration of y  biased result is similar. Set ( , )x x yf k k x= , which is in second 

order Taylor series expansion, then 

0 0 0 0

0 0 0 0

0 0

0 0 0 0

( , ) ( , ) ( , ) ( , )

2 2
2 2

2 2

( , ) ( , ) ( , ) ( , )

( , ) ( , )
( , ) ( , ) ( ) ( )

( , ) ( , )
( ) ( )

2 2

x y x y x y x y

x y x y x y x y

x x y x x y
x x y x x y x x y y

x yk k k k k k k k

x x y x x y
x x y y

x yk k k k k k k k

f k k f k k
f k k f k k k k k k

k k

f k k f k k
k k k k

k k

= =

= =

∂ ∂
= + − + −

∂ ∂

∂ ∂
− + −

⋅∂ ⋅∂

  (17) 

In the case of the large line of sight component, the phase difference 

0

2( , )
xx xN ϕϕ ϕ σ∼ and 

0

2( , )
xx x kk N k σ∼  gain mean by formula (17) is  

0 0 0 0

2 2E( ) ( , ) E[( ) ] E[( ) ]x x y x x y yx f k k a k k b k k= + − + −        (18) 

In formula (18), a and b  is the second-order item coefficient respectively, because 
the mean of first-order item is zero and the mean of second-order item is biased, so 
the distribution of x  is biased. 

4.2   Improved Fusion Algorithm of the Positioning Points 

Due to the measured position points distribution is biased under the influence of ground-
to-air channel, therefore, two issues need to be solved when fusing the positioning 
points in order to improve positioning accuracy: ①How to select the appropriate 
positioning point in fusion; ②How to determine the effective ways to fuse. 
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Due to the satellite during the move would not gain too many positioning points of 
target, in the case of the positioning points distribution is biased, it is not the more 
positioning points are involved in fusion, the error variance is smaller after fusion, if 
there is a positioning point with great error variance(maybe the biased degree is much 
larger than the variance value), the total positioning accuracy will be worse after 
fusion. So the positioning points should be filtered according to the criterion that “the 
muster of the points whose total positioning error variance are minimum”, the “total 
error variance” formula which contain m positioning points can be expressed as: 
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where n is the total number of the positioning points, 2
iσ  is the variance of the thi

positioning point in the muster. In the calculation process, all positioning points can 

be sorted according to error variance from small to large, then calculate mT of the 

former m positioning points, the positioning points involved in fusion can be obtained 

through n times calculation only. For the fixed target radiation in the ground, iσ can 

be substituted for the square root of the positioning error summation in horizontal and 

vertical direction(namely
2 2 1 2GDOP=( )xi yiσ σ+ ), the positioning points which are 

involved in fusion can be obtained by gaining the muster which have the minimum 

value of mT . 

After obtaining positioning points involved in fusion, for each positioning point

( , )i ix y , the positioning errors in the direction of x  and y axis are composed of 

two parts respectively, one is the variance 2 2
1 2( , )i iσ σ formed by the systematic bias 

between estimate and true values, the other is the variance 
2 2( , )xi yiσ σ  formed by the 

spreading positioning points, therefore, the positioning error in the direction of two 

axis is 2 2 2
1xi i xiσ σ σ= +�  and 

2 2 2
2yi i yiσ σ σ= +�  respectively. The positioning error 

variance after weighted fusion is minimum, through the determining method for 
optimized weighted value which based on the distribution of the positioning error 
variance, the method of weighted value determination is: 

2 2 2 2

1

1

( ) 1 ( )
i n

xi yi xj yj
j

ω
σ σ σ σ

=

=
+ +∑� � � �i

                    (20) 

Therefore, the result after fusion is: 
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where l  is the number of the positioning points after filter, 
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5   Simulation Results 

5.1   Power Spectrum of Angle of von Mises Distributing 

When °0ϕ = ， 200 /v m s= ，carrier wave frequency 450MHzcf = , Power 

Spectrum of Angle of von Mises distribution with different u  is shown in Fig.3. 

 

Fig. 3. von Mises distribution of Power Spectrum of AOA in Ground-to-Air communications 

It can be seen from Fig.3 that, the AOA is changing more and more centralized 
with the u  increasing. 

5.2   Comparison of Simulation Results for Different Direction-Finding 
Positioning Algorithm Used in Airborne Interferometer 

Taking the starting point of the aircraft as origin and the direction of aircraft flight as 
x
 axis, the rectangular coordinates can be established. The real position for target 

radiation has a coordinate of (150km, 150km), the aircraft flies along the horizontal 
direction, same as the positive direction of x  coordinate axis, and performs 
direction-finding and localization for the target radiation. One dimension uniform 
linear array is employed in the airborne interferometer direction-finding system and 
the ratio between the interval distance d  of linear array and the wavelength λ  of 
the received wave is 0.5. The Rice factor K  in measurement of the azimuth angle 
for the observation point submits to a random distribution in the interval of [10, 20]. 
The position of the target radiation is estimated by 200 iteration computation using 
the WLSE and LSE respectively. The simulation results are shown in Fig.3. 
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Fig. 4. Simulation results for position of the target radiation using the WLSE and the LSE 

It can be seen from Fig.4 that, compared to the estimation results when using the 
LSE algorithm, a faster convergence speed and a smaller variance can be obtained 
when using the method of  WLSE algorithm which determining the weighted value 
based on the estimation of channel Rican factor K . 

5.3   Comparison of Simulation Results for Different Direction-Finding 
Positioning Algorithm Used in Spaceborne Interferometer 

Assuming that the Rican factor K  submits to a random distribution in the interval of 
[50,100], and the height of the satellite is 150km, the coordinate can be established as 
shown in Fig 2. The satellite move along the positive direction of Y coordinate axis, 
and generates a positioning point every 1000m. The total number of positioning point 
is 20. The azimuth angle of target radiation relative to the starting point of satellite 

30α = D , and the elevation angle 45Dβ = (that is to say the real position of target is 
(130000m, 75000m)). 100 iteration Monte Carlo experiments are performed on the 
average fusion and weighted fusion, and the simulation results are shown in Fig. 4. 

It can be seen from Fig.4 that, the positioning precision of weighted fusion method 
when taking the influences of different Rican factor is better than that of average 
fusion method, and the weighted fusion method is validated. Table 1 lists the average 
positioning error when positioning different target points using the average fusion 
method and the weighted fusion method respectively, and it can be seen from Table 1 
that the larger the distance of target position correspond the larger the average 
positioning error, and the advantages of weighted fusion method is more significant.  
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Fig. 4. Estimation results of target point using the average fusion method and the weighted 
fusion method 

Table 1. The different target location points average position error using the average fusion 
method and the weighted fusion method respectively 

 

6   Conclusion 

Aiming at parameter measure is affected by different channel type, this paper adopts 
Weighted Least Squares Estimates and Weighted positioning points fusion algorithm 
through Rice factor of different type channel determining weighted value in order to 
improve interferometer direction-finding positioning precision, the simulation results 
show that weighted algorithm of considering channel influence advance the position 
precision effectively. 
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Real Position of 
Target m

Position Error of 
Average Fusion Method m

Position Error of 
Weighted Fusion Method m

T1 130000 75000 4503.4 3159.8 998.5 774.8
T2 100000 50000 3195.6 2408.7 732.8 646.5
T3 100000 50000 5643.8 4625.9 1117.2 864.7
T4 100000 50000 7986.2 6699.1 1266.1 965.6



Research on the Interferometer Direction-Finding and Positioning Improved Algorithm 339 

References 

1. Gavish, M., Weiss, A.J.: Performance Analysis of Bearing-only Target Location 
Algorithms. J. IEEE Trans. on Aerospace and Electronic Systems 28(3), 817–828 (1992) 

2. Torrieri, D.J.: Statistical theory of passive location systems. J. IEEE Trans. on Aerospace 
and Electronic Systems 20(2), 183–198 (1984) 

3. Friedlander, B.: A Passive Location Algorithm and Its Accuracy Analysis. J. IEEE Journal 
Oceanic Engineer 12(1), 234–245 (1987) 

4. Becker, K.: An Efficient Method of Passive Emitter Location. J. IEEE Transon AES 28(4), 
1091–1104 (1992) 

5. Savarese, C., Rabay, J., Langendoen, K.: Robust Positioning Algorithms for Distributed Ad 
hoc Wireless Sensor Networks. A. Carla Schlatter Ellis. In: Ellis, A.C.S. (ed.) Proceedings 
of the USENIX Technical Annual Conference, pp. 317–327. USENIX Press, C. Monterey 
(1992) 

6. Fowler, M.: Analysis of single-platform passive emitter location with terrain data. J. IEEE 
Trans. on Aerospace and Electronic Systems 37(2), 495–507 (2001) 

7. Haas, E.: Aeronautical Channel Modeling. IEEE Transactions on Vehicular Technology 51, 
254–264 (2002) 

8. van Harry, L.: Trees. Optimum Array Processing, pp. 917–1138. M. Wiley-Interscience, 
Hoboken (2002) 

9. Stuber, G.L.: Principles of mobile communication. Kluwer, M. Norwell (1996) 


	Research on the Interferometer Direction-Finding and 
Positioning Improved Algorithm under the Influence of Ground-to-Air Channel
	Introduction
	Characteristics of Multipath Fading in Ground-to-Air 
Communications
	Improved Direction-Finding Positioning Algorithm Used in 
Airborne Interferometer
	Weighted Least Squares Estimates (WLSE) for Positioning
	Weighted Value Determination under the Influence of the Ground-to-Air 
Channel

	Improved Positioning Algorithm Used in Spaceborne 
Interferometer
	The Influence of Ground-to-Air Channel on the Average Fusion Method of 
the Positioning Points
	Improved Fusion Algorithm of the Positioning Points

	Simulation Results
	Power Spectrum of Angle of von Mises Distributing
	Comparison of Simulation Results for Different Direction-Finding Positioning Algorithm Used in Airborne Interferometer
	Comparison of Simulation Results for Different Direction-Finding Positioning Algorithm Used in Spaceborne Interferometer

	Conclusion
	References




