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Abstract: Dual-satellite passive location system is a passive location method based on time difference of arrival 
and frequency difference of arrival. In order to improve the positioning accuracy, the position differential and 
pseudo-range differential method of satellite navigation system is used to correct the positioning error of this 
system, and the positioning accuracy after the correction is about 5 km. But there is one problem when we use the 
method. That is, basing on the result of positioning error distribution, positioning error in the band about ±100 km 
in the direction of the line between the two satellites using time difference of arrival and frequency difference of 
arrival positioning is very big, and positioning accuracy is very poor or the emitter can’t be positioned in that area, 
which is called blind zone. In order to solve the difficult positioning problem in the blind zone, the reason for the 
positioning blind zone is given and a new method of multi-epoch time difference positioning is proposed. The 
results of solving method and simulation show that high positioning accuracy can be obtained by using the multi-
epoch time difference method for the positioned emitter in the blind zone, which can effectively solve the problem 
of blind zone in positioning area. 
 
Keywords: Time difference of arrival, Frequency difference of arrival, Multi-epoch, Time difference, Blind zone. 
 
 
 
1. Introduction 

 

Dual-satellite passive location system is based on 
joint positioning technology of time difference of 
arrival (TDOA) and frequency difference of arrival 
(FDOA), simultaneously the time difference and 
frequency difference information of the same emitter 
on the ground getting to the two satellites is measured 
to obtain the location of the signal source. The 
principle of dual-satellite passive location system 

basing on TDOA and FDOA is as shown in Fig. 1, 
where the emitter is T, the two satellites are S1 and S2, 
the receiving station is A.  

Initially, time difference of arrival and direction 
measurement were used to achieve the positioning  
[1-2], then the time difference and the frequency 
difference of positioning technology was researched 
[3]. Domestic scholars have also carried out algorithm 
research of the time difference and the frequency 
difference dual-satellite passive location [4-7]. The 
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positioning accuracy characteristics of the dual-
satellite passive location system were also 
investigated, and positioning accuracy curve is 
obtained [8]. The influence of relative positions of 
dual satellites, measurement error of TDOA and 
FDOA, measurement error of satellite position and 
velocity on the geolocation accuracy of high and low 
orbit dual satellites is demonstrated [9]. 

 
 

 
 

Fig. 1. The principle of dual-satellite passive location 
system basing on TDOA and FDOA. 

 
 

Nowadays, positioning accuracy for dual-satellite 
passive location system can achieve 10 km or so by 
using current algorithm, which is relatively poor. 
Therefore differential method is applied to three 
satellites passive location by some scholars [10], but 
almost no scholars study differential techniques 
applying to dual-satellite passive location. The 
position differential technology of GPS positioning 
error correction method applied to positioning error 
correction technology of the dual-satellite passive 
location is researched for the first time [11]. But the 
accuracy is poor, and we can use the method unless the 
distance between the emitter and reference station is 
within hundreds of kilometer and the GDOP value of 
the emitter and reference station is close. So 
combining with pseudo-range differential in the 
application of GPS, the pseudo-range differential 
method in Search and Rescue with two satellites is also 
proposed innovatively [12], and its positioning 
accuracy is analysed, which has taken a critical step 
for the study of the passive location and also improves 
the passive positioning accuracy greatly, but the 
accuracy is not high enough, and there are some 
limitations in the application of this method, 
particularly, which can’t be used for some area. 

Moreover, basing on the result of positioning error 
distribution in dual-satellite passive location system, 
shown in Fig. 2(a) and Fig. 2(b), positioning error in 
the band about ±100 km in the direction of the line 
between the two satellites by using TDOA and FDOA 
positioning equation is so big, and positioning 

accuracy is very poor or emitter can’t be located in that 
area, which is called blind zone, particularly at the 
inner sub-satellite point area. In order to ensure that 
there is no blind zone in the dual-satellite passive 
location system, it is necessary to solve the problem of 
positioning for blind zone effectively.  

 
 

 
 

Fig. 2 (a). The result of positioning error distribution 
in dual-satellite passive location system. 

 
 

 
 

Fig. 2 (b). The result of positioning error distribution 
in dual-satellite passive location system. 

 
 

Therefore, we found that the frequency difference 
error is very big, and it is not proper to use a separate 
frequency difference location system. While in the 
inner sub-satellite point area the positioning error 
caused by the time difference error is the smallest one 
and the time difference error in the blind zone is 
smaller than that of the non-blind-zone. A possibility 
is provided by these analyzes to solve the blind zone 
location problem by using the TDOA system.  
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2. The Principle of Multi-epoch Time 
Difference Positioning 
 
As the satellite motion is continuous, a number of 

time difference measurements value can be obtained if 
measuring time difference of arrival of the measured 
emitter for several times continuously through the 
passive signal of dual-satellite. Orbit position of the 
satellites for several epochs can be determined at the 
same time by using satellite navigation receivers. 
Based on the principle of time difference 
measurement, the time difference equation for several 
epochs can be obtained, then position solution can be 
obtained, which is called the multi-epoch time 
difference method. 

A set of three positioning equations about  
time difference can be obtained, assuming three 
successive epochs, 
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In the above formula, superscript S1 and S2 

represent the two satellites, the subscript 1, 2 and 3 
represent the epoch. 

For the above three formulas, partial derivatives on 
x, y, z respectively, 9 partial derivatives can be 
obtained, composing of the Jacobian matrix Fx, denote 
as respectively 
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In the above formula, subscript k of kir  denotes 

the corresponding satellite k = 1, 2, and the subscript 
i denotes the corresponding epoch. Its composition 
matrix is 
 

xF =
1 1 1

2 2 2

3 3 3
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Assuming the time difference measured is  

1σ , 
2σ , 3σ . According to this multi-epoch time 

difference method, the position of the emitter can be 
obtained by using the classical Newton iterative 
method in the Cartesian coordinate system. 
 
 
3. Experiment Results 
 

Effective satellite orbit data are used for this 
experiment, three simulation experiments results are 
given as following: 

Simulation experiment 1: Let the satellite height be 
H, H is less than 1000 km, x11=125, y11=30.1. The 
distance between xi2 and xi1 is about 100 km, the 
distance between yi2 and yi1 is about 300 m, i=1, 2, 3. 
Every two epochs are more than 200 km, 
corresponding satellite orbit of two satellites and the 
resulting positioning error of emitter for three time 
epoch as follows: 

Epoch i: sat1( i )=[
1ix  

1iy  H]; 

sat2( i )=[
2ix  

2iy  H]; 1,2,3i = . 

The positioning error of the emitter after solution 
Δx1 Δy1 Δz1 can be obtained.  

Simulation experiment 2: Let the satellite height be 
H, H is less than 1000 km, x11=125, y11=30.1. The 
distance between xi2 and xi1 is about 200 m, the 
distance between yi2 and yi1 is about 300 m i=1, 2, 3. 
Every two epochs are less than 100 km, corresponding 
satellite orbit of two satellites and the resulting 
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positioning error of emitter for three time epochs is 
similar with experiment simulation 2. 

The positioning error of the emitter after solution: 
 

Δx1 < Δx2 < 1 km 
Δy1 < Δy2 < 1 km 
Δz1 < Δz2 < 1 km 
 

Simulation experiment 3: Let the satellite height be 
H, H is less than 1000 km, the satellite ephemeris error 
is 10 m (accuracy or orbit accuracy measured from the 
onboard navigation receiver), the two satellites orbit 
are the same with simulation experiment 2. The 
resulting positioning error of emitter for three time 
epoch as follows:  

 

1 3 2 1x x xΔ Δ Δ  km 

1 3 2 1y y yΔ Δ Δ  km 

3 1 2 1z z zΔ Δ Δ  km 
 

From the above simulation experiments can  
be shown:  

1) The multi-epoch the time difference method can 
solve the localization problem for the blind zone under 
the satellite, and the positioning accuracy  
is high. 

2) The time space between epoch chosen should be 
longer appropriately, positioning effect will  
be better. 

To describe the positioning error distribution, the 
above equations are transformed by using the 
geographic coordinate system. In the geographical 
coordinate system, the position of the emitter can be 
set to ( , ,0)x y , the subscript ( , ,e n u ) denotes the 
north-east-day coordinate system of the geographic 
coordinate system, and the coordinates of the satellite 
can be set as ( , , ), ( 1,2, 1,2)k k

ei nix y H k i= = , k is the 
satellite number and i is the epoch number. In the 
geographical coordinate system, assuming that the 
satellite height is H, since there are only two 
unknowns, only two epochs are needed to determine 
the position of the emitter.  

Two epochs are used by monitoring the emitter 
during satellite motion, let 

 

2 2 2( ) ( )k k k
i ei nir x x y y H= − + − +  

k=1, 2, i=1, 2  
 

The positioning equation of multi-epoch time 
difference method is expressed as 
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For the above equation, the classical Newton 
iterative method is used to solve it here. The solving 
equation is as follows 
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For the above two expressions, the partial 

derivative on x, y. The subscript ( , ,e n u ) represents 
the North-east-day coordinate system of the 
geographic coordinate system. Four partial derivatives 
can be derived from the procedure, composing of the 
Jacobian matrix Fx, denoting as respectively.  
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Matrix 
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2 2

x y
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Assuming the time difference measured  

is 1 2,t tσ σ . 
The position solution of the emitter can be obtained 

by the classical Newton Iteration method. 
The simulation results for the blind zone are shown 

in Fig. 3(a) and Fig. 3(b). 
From the above figure, high positioning accuracy 

can be obtained for the blind zone by using multi-epoch 
time difference method, which can solve the problem 
of positioning in blind zone. For practical applications, 
angle of arrival in the passive direction given by the 
signal can be used to determine roughly whether the 
emitter is located in the region which can’t be located, 
which can also be determined by the threshold of the 
GDOP value. If it is the region which can’t be located, 
using multi-epoch time difference location method, 
otherwise, using time difference frequency and time 
difference location method.  
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Fig. 3 (a). The positioning error distribution of blind zone 
by multi-epoch time difference method. 

 
 

 
 

Fig. 3 (b). The positioning error distribution of blind zone 
by multi-epoch time difference method. 

 
 

4. Conclusions 
 

In this paper, the cause of blind zone generating is 
analyzed. In order to solve the problem of positioning 
in blind zone, a new method of multi-epoch time 
difference method is put forward to solve the problem 
of blind zone localization and make up for the defect 
of TDOA and FDOA location system. The results of 
resolution and simulation show that high positioning 
accuracy can be obtained for the blind zone by using 
multi-epoch time difference method, which can 
effectively solve the problem of blind zone in the 
location area. 
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