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Abstract—The passive infrared mono-station location 

algorithm for mobile targets due to stationary platform are 

investigated. The passive location physical model and related 

algorithm of mobile target are established. The algorithm in 

this paper can be effectively applied to the location for both 

uniformly accelerated mobile targets and those with varying 

acceleration. Numerical simulations verify the correctness and 

the feasibility of the algorithm and indicate that the relative 

ranging error is less than 5% of the slope distance from target 

to platform which completely satisfies the specification 

requirement of mono-station infrared passive location. 
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I.  INTRODUCTION 

In modern warfare the aerial targets have significantly 
challenged the survival of weapons and military apparatus in 
the land. Once the signals radiating from the ground 
weapons and military apparatus are received by the enemy 
the ground target might be quickly attacked by anti-radiating 
missiles. If the ground systems are equipped with passive 
detecting and locating device under the prerequisite of 
efficient concealment, powerful countermeasure capability to 
the attacking targets can be achieved. Some location 
algorithms for aerial mobile targets on the basis of mono-
station passive infrared method have been reported[1-3]. 
New schemes of passive location were put forward in 
references [4-7] based on the principles of photoelectric 
imaging and image array measurement and passive location 
problem of mobile targets by non-mobile platform was 
explored. However, these schemes can not be applied to 
situations in which the target plane is not parallel to camera 
plane that the motion state and posture change. In this paper 
some innovations are made to the present scheme, 
appropriate model is established, a novel algorithm is 
proposed by real time renewing to the velocity and 
acceleration of the target to adapt to the variation of moving 
state of the target and some optimizations have been made to 
the algorithm. 

II. PHYSICAL  MODELING AND ALGORITHM ANALYSIS   

The physical model for mono-station passive infrared 
location technique by stationary platform is shown in Fig.1. 
mono-station passive infrared location system is placed in a 

measurement station C which is fixed in position on the 
ground or in slow motion The system can track the aerial 
threatened targets in a real time way. The mobile target is 
situated in point A at the initial time, which moves at a speed 
of v0 and is R0 meters away from the measurement station. 
After a time interval T, the mobile target is situated at point 
B and moves at a speed of v1 and is R1 meters away from the 
measurement station. The spanning angle of the target 

subtended to the station during this time interval is 0 . The 

passive infrared system which is composed of infrared focal 
plane array detectors in the measurement station make 
tracking and measurement to the target in a real-time way to 
obtain the information of azimuth and high-low angle of the 
target as well as the imaging information. Our purpose of 
study is to acquire the real-time measurement information at 
every sampling time such as information of azimuth and 
high-low angle, distance between target and measuring 
station as well as imaging information of the target by using 
the passive infrared system in the measuring station. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In terms of imaging theorem, we have the relations at 
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Fig. 1 physical modeling of mono-station of infrared 

passive localization  

measurement station 

assault target 

0R  

 

0v
 

 

0  

1v
 

 

C 

A B T 

1R  

 

International Conference on Computer Science and Service System (CSSS 2014)

© 2014. The authors - Published by Atlantis Press 473



1

1

1

1 sin







 
i

i

i

i

L

L

f

R                           （2） 

From Equ.（1）and Equ.（2）, we can obtain 
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Ignoring the effect of the variation of the angle of 

course of the target, that is, setting 1sinsin 1  ii  , we 

further have 
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Equ.（4）is a rudimentary location formula which is 

the same as reference [1] and [2]. This formula is unable to 

satisfy the precision requirement for locating mobile target 

due to the ignorance of the effect of the variation of the 

angle of course of the target. 

We can also have the following relation from the 

model as shown in Fig.2 
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Combining Equ.（3）and Equ.（5）, we have 
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Equ.（6）is the location formula we want. 

 

 
 

 

Fig. 2 The mathematical model of infrared mono-station 

passive localization 

 

Based on the derivation process to the above formula, 

we can see clearly that our algorithm can overcome the 

passive effects of the pseudo-gesture variation of the mobile 

target on location precision since we take account of the 

information of the variation of the angle of course of the 

target. In addition, the variation of the moving state is 

included in the variation of the imaging size. Therefore, the 

above location formula can efficiently adapt to the situation 

of the variation of the moving state of mobile target. In 

other words, the location algorithm can be applied to the 

case in which the mobile target travels with constant 

acceleration and with changing acceleration. 

As to radial motion target, i.e., the moving direction of 

mobile target is the same as that of the line of sight of 

infrared camera, the angle of course of the target at the 

adjacent moment are approximately equal to zero. Taking 

limit to Equ. （3）, we can obtain the location formula for 

radial motion target as follows 
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where 
iL , 1iL  can be viewed as the maximum size of the 

image of the target taken on the infrared focal plane. 

     Equ. （6）can be used for locating the oblique target 

and Equ.（7）can be used for locating the radial target. 

III. THE ANALYSIS OF RANGING ERROR 

     In accordance with Equ. （ 6） , the error of radial 

distance 1iR  is composed of that of the terms 

if , 1if , iL 、 1iL , iR , in which the error caused by the 

variation of real-time focal length , if and 1if , at every 

time belongs to the scope of systematic error and we do not 

want to discuss. The error or 1iR  is composed of the 

measurement error term of image parameter, iL  and 1iL , 

and the error term of the initial distance iR  of the target. 

The combined error of 1iR  at present time is 
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That is 
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Hence, the relative error can be formulated as 













 









i

i

i

i

i

ii

i

R

R
L

L
L

LR

R
2

11

2

1
12

1

2

1

1         (8) 

In accordance with the specification requirement, the 

ranging precision expressed by relative error is no more than 

5%, that is, as long as the following equation 
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is valid, specification requirement of relative location error 

can be achieved. 

IV. SIMULATION EXPERIMENT ANALYSIS 

Suppose computer simulation is carried out to the 

location algorithm in existence of noise. Assume that the 
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initial distance, initial velocity and sampling frequency are 

mR 6.80070  , 0v 300m/s and T 4Hz, respectively. 

The relative measurement error of image size along the 

moving direction of the target is approximately 5% of pixel. 

The measurement error of angle is 1 mrad. 

A.  Simulation experiment to a uniformly accelerated targe 

Suppose that the mobile target moves at an acceleration 

of 
210m/s  in a straight line. Fig. 3 shows the result of 

simulation experiment of mono-station passive location of a 
uniformly accelerated target in existence of noise. Fig. 3

（3 a ）,（3b）,（3c）are three dimensional motion model, 

motion speed, distance, the error  between calculated 
distance and theoretical distance, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3  Simulation results of a uniformly accelerated mobile target 

in existence of noise 

B. Simulation experiment of a target with varying 

acceleration 

 Suppose that the mobile target moves at an 

acceleration of   2[20sin 100 10]m/sa t   in a straight 

line. Fig. 4 shows the results of simulation experiment of 

mono-station passive location of the target with changing 

acceleration in existence of noise. Fig. 4（4 a ）,（4b）,

（4c）,（4d）are three dimensional motion model, motion 

speed, distance, the error between calculated distance and 

theoretical distance, respectively, on this occasion. 

Based on the simulation experiment above, we can see 

that the mono-station passive location algorithm to mobile 

targets due to stationary platform in this paper in existence 

of noise can be effectively applied to the location for both 

uniformly accelerated mobile target and that with varying 

acceleration. The relative ranging error is less than 5% of 

the slope distance from target to platform under the 

condition that the error of the target’s parameter of image 

and angle is in permission. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(3a) 3D motion model of a mobile target 
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(4a) 3D motion model of a mobile target 
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Fig. 4 Simulation results of a mobile target with varying 

acceleration in existence of noise 
 

V. CONCLUSIONS 

Mathematical analysis and simulation experiments 
indicate that the mono-station passive location algorithm to 
mobile targets due to stationary platform established in this 
paper objectively reflects the actual situations of the 

measuring platform and the mobile target. The actual moving 
state and situation are objectively described in the algorithm 
since we take account of the imaging information along the 
moving direction and the information of the variation of the 
angle of course of the target. By doing so, the algorithm can 
overcome the passive effects of the pseudo-gesture variation 
of the mobile target on location precision. The mono-station 
passive location algorithm to the mobile target due to 
stationary platform in this paper can be effectively applied to 
the location for both uniformly accelerated mobile target and 
that with varying acceleration. The relative ranging error is 
less than 5% of the slope distance from the target to the 
platform, which completely satisfies the specification 
requirement of mono-station infrared passive location. 
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