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Abstract — To gain the information of space target infrared radiation characteristics in optics image system, this paper 
proposes a method that employing node network function to set up space target infrared radiation calculation model 
and temperature distribution based on space target characteristics, analyzes the main reasons influencing 
temperature distribution of target surface, and gives their calculation function, researches the thermal balance 
equation of space target and calculation analysis, studies space target infrared radiation characteristics. By 
calculating and analyzing, the result shows when the target size increases, the radiation energy increases, the higher 
the target flight velocity, the greater the radiation energy of the target surface. 
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I. INTRODUCTION 

As the military development in airspace, air competition 
has intensified, particularly the emerging of space electronic 
countermeasures, space target detection seems to be more 
and more important [1]. Detection methods of space target 
contain radar, optical and direction-finding location and so 
on, as an significant method of optical detection, infrared 
detection can detect differences of target background 
temperature with high sensitivity, as well as detecting 
concealment and multi-spectral detection, thus, it is an ideal 
method in space target detection [2]. Infrared radiation 
characteristics are needed in infrared detection, however, 
three aspects of work need to be done to obtain infrared 
radiation characteristics, which are the actual measurement, 
simulation measurement and theoretical calculations [3]. 
Studies starts relatively late in China in this regard, and the 
areas are only on simulation measurement and theoretical 
calculation. However, researches have done much on 
infrared radiation characteristics of space target in western 
countries, there is a gap. 

II. SPACE TARGET INFRARED RADIATION CALCULATION 

MODEL 

Node network method is used to calculate the target 
surface over the temperature distribution and its changing 
regulation. Node network method is a limited difference 
technology, its calculation method is flexible and results are 
accurate. The basic idea of the method is that dividing the 
target surface into a number of units with the same 
temperature and thermodynamic properties [4]. Heat 
exchange between nodes and background is analyzed, 
regarding each unit as a node, so as to establish the transient 
thermal balanced equation of each node. In certain initial 
conditions, these equations are calculated, temperature on 
each node of target surface and its changing regulation with 

time can be calculated, and then, the space target temperature 
and its changing regulation can be obtained. 

A. Direct solar radiation 

    The sun is a glowing sphere with 6.960x10 5km as its 
radius; its spectral distribution is similar to 5900K black 
body spectrum distribution. Due to the distance between the 
Sun and the Earth is greater than the radius of the Earth, 
space sunlight radiation can be considered to be uniform 
parallel light [5]. Direct solar radiation absorbed by the unit 
of number i surface is ji1, it is shown below: 

            1 ,i s s i s ij E S G                                                     (1) 

In (1),  θs is absorption rate of target surface to solar 
radiation; Es is the solar constant, whose value is 
1353W/m2; Si is the area of the outer surface of the cell; Gs,i 
is angle factor of appearance of the cell facing the direct 
rays of the Sun. 

B. Indirect solar radiation and Earth radiation 

Space targets receive not only direct solar radiation, but 
also the reflection of solar radiation from the Earth. 
Reflection of solar radiation can be considered to be the 
surface of the Earth evenly diffusing reflection. Thus, when 
calculating the solar radiation reflected by Earth, the earth 
can be considered to be a secondary light source [6]. 
Indirect solar radiation absorbed by the unit of number i 
surface is ji2, it is shown below: 

  2 ,i r s se ij E G                                 (2) 

In (2),  θr is absorption rate of target surface reflecting 
solar radiation;β is the Earth's reflecting rate; Gse,i is the 
appearance of direct solar radiation angle coefficient for the 
unit. Gse,i is angle factor of appearance of the cell facing the 
direct rays of the Sun. 

Infrared radiation of the Earth and its atmosphere 
comes mainly from the part of the energy. Earth is 
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absorbing solar radiation, from the effect of Earth's surface 
temperature and covering cloud cover. According to annual 
data of meteorological satellites, Earth's radiant is on 
average of 237 ±7W/m2, its spectral distribution is similar 
to the 280 k black body [7]. For space target, assuming that 
the Earth is uniform and balanced on thermal radiation, 
absorption of solar radiation from the Earth-atmosphere 
system is equal to the energy space radiation. The total 
irradiance 

eE  of Earth radiation in space target is shown 

below: 
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In (3), R is the radius of the Earth and its atmosphere 
(6450 km); H is height of the target from the atmosphere. 
Earth radiation absorbed by the unit of number i surface is 
ji3, it is shown below: 

3 ,i e e i e ij E S G                                       (4) 

In (4), θe is absorption rate of target surface to Earth 
radiation. Ge,i is angle factor of appearance of the cell to 
Earth radiation[8]. 

C. Target radiation to space 

As long as room temperature is above absolutely zero, 
the target surface must irradiate energy into space. The 
radiant energy ji4 of target surface into space is shown as 
follows[9]: 

         4
4 i ij T t S

                                      (5)
 

In (5), θ is target surface emission rate; σ is the Stefan-
Boltzmann constant; Ti

4(t) is the temperature of the part at 
time t. 

D. The increment of internal energy 

Energy of space target will change along with the 
changes of temperature, at any moment, the increasing 
internal energy ji5 of the i unit is shown below:  
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In (6), c is the specific heat capacity of the target 
surface; mi is the quality of the unit. 

III. SOLUTION OF HEAT BALANCE EQUATION 

According to the analysis above, heat balanced 
equation is shown as follows:  

   i1 i2 i3 i4 i5j j j -j j                               (7) 

In the formula: ji1，ji2 and ji3 are not related to Ti(t)，
but ji4 and ji5 is a function of Ti(t). There is a higher-order 
Ti

4(t) and the differential dTi(t)/dt. In order to simplify the 
calculations and to facilitate the computer numerical 
calculation the formula (7) is simplified in two points. 

(1) The differential is transformed into backward 
difference. 

     i i id t t - t- t
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(2) The higher order terms are turned into one term. 

       4 3 4
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If direction between target and background radiation 
source is determined, the angle coefficients like Gs,i , Gse,i 
and Ge,i in formula (7) can be calculated. And then form the 
formula (7), (8) and (9), for the target unit on any surface, as 
long as the temperature value Ti(t −∆t) at the t−∆t can be 
known, the temperature value Ti(t) at the t moment can be 
calculated. If initial temperature distribution and direction 
between target and background radiation source can be 
obtained, then, surface temperature distribution and its 
changing regulation during target detained in space can be 
calculated. 

IV. INFRARED SPECTRUM RADIATION CHARACTERISTICS 

OF SPACE TARGET 

From surface temperature radiation of space target, 
spectral radiance of space target launch, the temperature T, 
and the wavelength λ are related. According to the Planck 
equation, spectral radiant exitance is [10]: 
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In (10)  is wavelength radiation, 1c  and 2c are the 

radiation constant, 16
1 3.74 10 f , 2

1 1.438 10 f , the 

unit of M is 2 m m . At some point effective wavelength 

range of space target space in infrared detector are ( 1 , 2 ), 

then the target radiation brightness in the infrared image on 
the detector is shown below[12]: 
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Space target surface radiation acting on the screen 
changes along with time. Meanwhile, function distances of 
space object also have an impact on detecting the radiation 
information. Assuming that ds on the optical system of 
infrared detector plane light signals receive light semaphore 
k, the radiation flux ds of imaging systems directly on the 
surface of the facet is[13]: 

    k qd                                        (12)   

In (12), q is infrared detector conversion factor; dφ is 
radiation flux owing to space target acts on facet of used to 
screen. If radiance of facet dA of screen is ( )L , and 

accessible ds of the optical system receive radiation flux is 
shown below: 

            d d cos d    


 A L                         (13) 

In (13), Ω is the solid angle, which is sensitive surface 
extending to dA; τ is transmission; θ is angle between the 
facet dA , normal and radiation propagation direction. If 
selecting the relative aperture of the objective lens of d, the 
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focal length is y, angle between the facet dA normal and 
radiation received direction for α, the flux of the imaging 
system directly on that unit can be expressed by: 

   2 2 2/ 4 cos cos /       d L D dA h             (14) 

In (14), h is distance between the lens and space target 
act on screen, the solid angle extended by dA and ds to lens 
center are equal: 

          2 2cos / scos / dA h d y                 (15) 

Radiation flux dφ is: 

     2 4d / 4 / cos d      L D y A         (16) 

Thus 

      2 4/ 4 / cos     k Q L D y dA         (17) 

In order to calculate the entire radiant flux of the whole 
space target acting on optical system, the formula (15) 
should be integrated on time. From known parameters and 
optical parameters of space target, total surface area of space 
target acting on screen can be calculated. With infrared 
characteristics of space target, the optical signal of detector 
can be calculated. It is not easy to obtain the radiation flux of 
detection system according to theoretical calculation. In 
order to establish the sensitivity of infrared detection system, 
the corresponding amount of radiation should be gained with 
the output optical signal. From the lens parameters, function 
can be inferred qualitatively and analyzed. 

 
 

Figure 1. The change of target surface temperature with target flight time 
 

V. CALCULATION AND ANALYSIS 

Due to space target is in course of continuous 
movement, its azimuth angle to solar radiation changes 
along with time. Exact position can be gained with 
thermodynamic data, initial temperature, target altitude 
curves and other related parameters of target surface 
materials given at certain moment. Temperature is the 
function of a at certain moment. When a changes, the 
corresponding temperature changes ( ( )T f a ). The 

distribution of temperature at different directions can be 
calculated by computer programming when space target 
moving outside the Earth's atmosphere. From its regular 
with azimuth angle changes, the direction of solar radiation 

has impacted on temperature of target. Depending on the 
temperature distribution, further spectral radiation irradiance 
of target can be obtained. Assume that the emission rate of 
the surface material is 0.9. 

Figure 1 is temperature curve changing along with time 
when azimuth angle is 0a   and 3 / 4a   respectively. 
Space target receives solar radiation as the most important 
external sources of heat. It has great effect on target 
temperature. When the target flies facing the direction of the 
Sun（ 0a  ）, the bottom surface of the target can not be 
affected by solar radiation, target accepts small solar 
radiation fluxes, the target temperature decreases; when the 
Sun dipped target（ 3 / 4a  )，target accepts larger solar 
radiation fluxes, the target temperature increases. Different 
azimuth angles between target and sun have great impact on 
the temperature of target. Amplitude of temperature and 
changing trends are significantly different. 

 

  
 

Figure 2. The change of radiant exitance with target flight time. 

 
Figure 2 is the distribution curve of target changing 

along with time, when the range of radiation emitted is 3-5 
µm. Infrared radiation is mainly distributed in the space 
between 3-40 µm. This phenomenon is mainly due to the 
influence of the initial temperature of the target, and is 
related to temperature distribution. 

 
Figure 3. Change of target spectral radiant exitance with wavelength. 

 

Figure 3 is the changing curve of spectral radiant 
exitance with wavelength for 3 / 4a  . From the figure, the 
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exitance is highest about λ=12µm. The exitance changes 
quickly between 0µm and 12µm. The exitance decreases 
when value of wavelength is larger than 12µm. 

 

 
Figure 4. Temperature variety of projectile with different velocities 

screen. 
 

Figure 4 is the changing curve of surface temperature 
when target acting on screen in different velocities and the 
same distance. The faster target passes through the screen, 
the higher the surface temperature of the surface. The 
surface temperature of target at a velocity of 900m/s is 
higher 800m/s when target passing through the screen. The 
surface temperature of target at 800m/s is higher than 
700m/s. This is because the higher the velocity of the target, 
the higher the friction heat of targets with the air. 
Particularly, when target entering the screen, at which the 
heat of the front surface from the friction is more obvious. 
The heat of the front surface increases when the increment 
of radiation area increases. And the increasing time will be 
shorter when velocity is higher. When moving target 
occupies a certain screen, at this moment the radiant 
temperature of target has the greatest value and remains for 
a short time. This is mainly because that the changing area 
of current target is equal in screen. Time of targets passing 
through the screen is short. When the target leave screen, 
the infrared radiation temperature drops rapidly. Time of 
targets acting on screen is decided by the velocity, length 
and thickness of screen. 

 

 
Figure 5. Temperature variety of projectile with different diameters. 

Figure 5 is the changing surface temperature of 
different diameters of targets acting on screen. In the same 
condition, the bigger its value, the higher the surface 
temperature is. 

The data in table 1 are the peak value of the output 
signals in detection field of different targets, when the 
background luminance is 3.0×103cd/m2 and the detection 
distance is 28m. Table 1 shows, with the increase of target 
size, the output signals become strong at the same detection 
distance, but the inherent noise nearly does not change. 
Which illustrates the target size can bring obvious change to 
receiving energy of detector in infrared detection system.  

 
Table 1 The output signals in different sizes of target when background 

luminance is 3.0×103cd/m2 

Num The size of target 
Output signal 

with target 
(V/mV) 

Inherent 
noise (V/mV) 

1 200mm×80mm 2107 598 
2 280mm×100mm 2289 607 
3 320mm×100mm 2801 582 
4 320mm×150mm 3225 585 
5 320mm×200mm 3618 592 

 
Table 2 is gathering the output signal in infrared 

detection field under the same size of target when the 
background luminance is 4.0×103cd/m2 and the detection 
distance is 32m. It can be seen from table 2, with the 
increase in background luminance, the inherent noise 
ascends, but the peak value of the output signal does not 
change obviously. It is clear that the inherent noise of 
detector becomes larger as the background luminance 
increases, which is not beneficial to detect. In order to 
eliminate the effect of strong background luminance, the 
spectral filter is added in the receiving optics lens. This 
infrared detection system has selected a filter whose filter 
factor is 0.75. Due to the difference of background spectral 
characteristics, when the parameters of the photoelectric 
detection system are certain, the appropriate spectral 
filtering method is chosen according to the characteristics of 
the different background luminance spectrum.  
 

Table 3 The output signals in different sizes of target when background 
luminance is 4.0×103cd/m2 

Num The size of target 
Output signal 

with target 
(V/mV) 

Inherent 
noise 

(V/mV) 
1 200mm×80mm 2082 1029 
2 280mm×100mm 2651 954 
3 320mm×100mm 3703 1084 
4 320mm×150mm 3858 1143 
5 320mm×200mm 4067 1088 

 

VI. CONCLUSIONS 

From general method of calculating infrared radiation of 
space target, this paper uses node network method in order to 
obtain temperature distribution on the surface of target, 
combining with the emission rate of the surface material, 
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infrared radiation distribution of space target is obtained. As 
long as the height curves space target and thermodynamic 
data of related material are obtained, the infrared radiation 
distribution of target at any time and incidence can be 
calculated simply. As a disadvantage, the accuracy of 
method is not very well; however, it is simple and 
convenient. For engineering calculation of accuracy being 
not very high, it generally can meet the requirements. 
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