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METHODOLOGY OF THE NUMERICAL MODELLING OF PARAMETERS 

DETERMINATION OF THE RADIOMETRIC IMAGE OF REMOTE 

EARTH SURFACE SENSING BY BISTATIC RADIOMETER 
 

Abstract . The on-board bistatic radiometer (BR) provides sufficiently high-quality mapping of various terrestrial surfaces. 

The subject of study in the article is the determination of parameters of radiometric images (RI) of earth surfaces based on 

the BR construction options that are technically feasible. The aim of the research is to develop a methodology for numerical 

modelling of RI parameters calculation during remote sensing of the earth's surfaces by BR. Tasks: To consider the range of 

the radar, accounting for image bands, detection, and measurement of course difference, and resolution along the carrier's 

flight path and across its path. The task also includes the calculation of the difference Doppler frequency correction (DDFC) 

of payload signals, root mean square deviations (RMSD) of pitch difference errors and DDFC errors. Methods used: analysis 

and synthesis of the obtained output RI parameters according to possible construction options. The following results were 

obtained. A methodology for numerical modelling of RI parameters determination during remote sensing of a low-contrast 

payload such as grass-concrete is developed. The AN-14 ‘Bee’ aircraft was chosen as a carrier for the BR, and the 22 GHz 

bandwidth of the sub-waveband was chosen for the BR 3 mm. The analysis was carried out for six possible variants of the 

mapping system. The ranges of the systems, the values of image bands, and the DDFC of objects are calculated, considering 

the accepted technical characteristics of the radar and the influence of the atmosphere. The RI characteristics at a probability 

of correct detection of 0.5 are presented. The image parameters for measuring the differences in the stroke and DDFC of 

mapping objects are given. The number of pixels (pitch differences) in the image row, the resolution along the carrier path, 

across the path, and at the DDFC were calculated. The number of Doppler filters for each pitch difference, the RMSD of the 

pitch difference measurement, and the RMSD of the object's DDFC measurement were obtained. The values of the fluctuation 

sensitivity of the BR were calculated for the following design variants. Conclusions. Based on the results of numerical 

modelling, the analysis of the information capacity per RI during remote sensing of earth surfaces by an onboard system that 

is spaced apart is carried out. A promising area for further research may be the introduction of a very weak broadband noise 

sensing signal into the mapping system and the assessment of the impact of interference that is spatially correlated in the BR. 

Key words:  numerical modelling methodology; radiometric image; remote sensing; bistatic radiometer; range; image band; 

Doppler frequency correction; resolution. 

 

Introduction 

Problem definition. The resolution of images in 

well-known radiometric mapping systems is determined 

only by the radiation pattern (RP) of the antennas and the 

fluctuation sensitivity of the radiometer [1, 2]. This 

minimal set of parameters reduces the amount of 

information required in the images [3]. The bistatic 

radiometer (BR), as a spaced radiometric device, can 

detect and measure the difference in the movement of the 

RP antennas during its travel [4, 5], thereby increasing the 

amount of necessary information in the images. Also, the 

BR detects and measures the difference Doppler frequency 

correction of mapping objects [6]. 

The images obtained using BR have significant 

advantages over single-channel and matrix radiometric 

systems [7, 8]. 

Thus, determining the parameters of radiometric 

images during remote sensing of various earth surfaces 

(covers) is an urgent scientific task. 

Analysis of research and publications. The results 

of the studies presented in the well-known literature do not 

provide an opportunity to determine the parameters of 

radiometric images. At the same time, the technical 

characteristics of the bistatic radiometer [9, 10], changes in 

its range [11, 12], surface viewing sector [13, 14], image 

band [15, 16], etc. are not considered. 

Also, the differences in motion and the difference 

Doppler frequency of useful signals are not measured [17–

19]. These publications provide only approaches to solving 

this problem, but do not define and analyse the parameters 

of radiometric images regarding the technical 

characteristics of the BR. 

The aim of the article is to develop a numerical 

simulation methodology for enhancing the amount of 

information on radiometric images during remote sensing 

of various earth surfaces (covers) depending on the 

technical characteristics of the BR. 

Summary of the main material 

In remote earth surface sensing, the main 

information of the system is the acquired images, which 

are technically feasible. In the 3-mm wavelength range, 

the input bandwidth of the BR is 22 GHz [20]. Such a 

large input bandwidth of the BR determines the 

distinguishing ability by the difference in the stroke on 

the mapping surface and positively affects the fluctuation 

sensitivity of the system. 

The low-contrast radiometric signal grass-concrete 

was chosen as a useful signal. It is proposed to use the 
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AN-14 ‘Bee’ passenger aircraft for the mapping. 

The main characteristics of the mapping system 

include the range and bandwidth of the radiometric image 

[21]. 

1. Numerical modelling of the BR range values for 

mapping various earth surfaces: ( ), , в дR S T Bw ,Bw  [22]. 

There are known theoretical and experimental 

studies of various earth covers at horizontal polarisation 

and 40° receiving angle at wavelengths of 2.15 mm and 

8 mm. Large-scale modelling has provided approximate 

radio luminance temperatures of grass and concrete land 

covers and the grass-concrete contrast [23]. 

So, we can write the following: 

 2,7 2,15 8
2,15 8

0,5 ,
 
  =  + 
 
 

 

 
 (1) 

where 2,7  – is the radio luminance contrast ‘grass-

concrete’ at the BR wavelength  =2,7 mm; 2,15 2,15,   – 

are the contrast ‘grass-concrete’ at  =2,15 mm and the 

wavelength  =2,15; 8 8,   – are the contrast ‘grass-

concrete’ at  =8 mm and the wavelength  =8 mm. 

According to the results of the calculations (1), we 

obtained: 2,7 29   K, as well as the radiant 

temperatures of concrete 267бетТ  K and grass 

296тТ   K. The range of the BR for mapping earth 

surfaces is equal to [23]: 

( ), , o dR S T Bw ,Bw =  

 
( ) ( )

( ) ( )1 0

1 , ,
,

4

rl atm

o d

Т Т С T В R SG

Bw ,Bw L T K A

− − +  
=

− +  

 

  
 (2) 

exp( 0,23 ),аС ВR= −  

where S, T – are, respectively, the square of the mapped 

object and its radio luminous temperature (S varies from 

1 m2 to 4·102 m2, T – from 130 K to 320 K); ,o dBw Bw  

– are, accordingly, the bandwidth of the BR output filter 

and the bandwidth of the BR output Doppler RC filter 

(during the simulation, the bands were changed from 1 

Hz to 1 kHz);   – is a coefficient that accounts for the 

reception of signals outside the main lobe of the RP 

antennas (0.31 is assumed); rlТ  is the radio luminous 

temperature of the mapping surface (grass ~ 296 K); С – 

is the atmospheric quality factor; ( ), ,atmT В R  – is the 

radiant temperature of the atmospheric layer between the 

mapping surface and the BR (K);   – is the zenith angle 

of the system (0° is chosen); В – is the absorption 

coefficient of radiometric signals in the presence of 

oxygen and water vapour (7.5 g/m3) in the atmosphere 

(provided everything is clear, then B≈0,73 dB/km and 

with rain of 4 mm/h, then В≈1.57 dB/km); Ra – is the 

distance to the mapping objects in kilometres (km); G  – 

is the BR antenna gain coefficient; 1, L  – are the BR 

constant and the losses in the mapping system, 

respectively ( 1 2= , 2L =  times); ( )в дBw ,Bw  – is 

the ratio of the average useful signal powers to the 

intrinsic noise in the BR channels; ,nК   – are the noise 

coefficient of the BR channels and the BR antenna 

efficiency, respectively ( nК =3, = 0,78). In this case: 

( )   0, , 1 1 exp 0,23 cosatm а аT В R Т BR −   

( )
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where 0Т  is the absolute temperature at the earth's 

surface (290 K); D is the diameter of the BR reflector 

antennas (0.31 m is taken);   is the central wavelength 

of the BR (2.7 mm is chosen); ( )o dBw ,Bw  is the 

signal-to-noise ratio (s/n) at the output of the BR at a 

fixed coherent accumulation time; ( )с oRt Bw  is the 

compression ratio of radiometric signals in the BR; ,i jt t  

are, respectively, the radio luminous temperatures of 

interference (‘mapping surface’) located in the main 

lobes of the RP antennas 1, 2i n=   and side lobes of RP 

antennas 1,2j k=  ; ,i j   – are, respectively, solid 

angles of mapping objects in the main lobes and side 

lobes of RP antennas of BR. 

Thus, we can state the following: 

 
( ) ( )

( )
1

1

1

(1 )1

0,9514,

3 , 1 ,

o d s o d

t d in oR

Bw ,Bw L Bw ,Bw

Bw Bw Bw Р F
−+−

 =  

= = −


 
 (4) 

where 1  is the s/n ratio, at which the probability of 

accurate detection of the object Р = 0,5, provided that the 

probability of false alarm F = 10 –1 ( 1 2,32=  times was 

chosen); ( ),s o dL Bw Bw  – losses in the ratio of s/n due 

to insufficient accumulation time of useful signals; 

0,9514 – indicates losses in the ratio of s/n when limiting 

the accumulation time at the level of 
13 oBw−

; inBw  – 

input bandwidth of the BR (22 GHz is accepted). In turn: 

( ) ( ) ( )
2

1 2, , ,s o d o o dBw Bw q Bw qL Bw Bw =    

( ) ( ) ( )1
13 , 1 exp ,o o o o ot Bw Bw m Bw Bw t Bw−  = = − −   

( ) ( )1 1 exp 2 ,o o oBw Bw t Bw = − −   

 ( ) ( ) ( )1 1 1 ,o o oq Bw m Bw Bw=   (5) 

( ) ( )2 1 exp ,,o d d om Bw Bw Bw t Bw = − −   
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( ) ( )2 , 1 exp 2 ,o d d oBw Bw Bw t Bw = − −   

( ) ( ) ( )2 2 2, , , ,o d o d o dq Bw Bw m Bw Bw Bw Bw=  , 

where ( ) ( )1 2, ,o o dq Bw q Bw Bw  are respectively the 

ratio of the s/n, which is matched to the bandwidth of the 

output RC filter of the BR and the ratio of the s/n at their 

output, when measuring the difference Doppler 

frequency correction of the mapping objects; ( )ot Bw  – 

time for coherent accumulation of useful signals; 

( )1 om Bw , ( )1 oBw  – respectively, the mathematical 

expectation (ME) of a random process and its root mean 

square deviation (RMSD) of errors at the output of the 

BR output filter; ( )2 ,o dm Bw Bw , ( )2 ,o dBw Bw  – 

respectively, the ME of a random process and its RMSD 

of errors for the output Doppler filters. 

The mapping object is concrete on a grass 

background with a radiant surface contrast of ~ 29K (1). 

The radiant temperature of concrete concТ  increases due 

to the influence of the atmosphere: 

 ( ) ( )29 , ,conc s atm аТ Т С T В R − +  , (6) 

provided that 0= , В≈0,73 dB/km and аR ≈2,7 km – 

concТ ≈ 276 K is obtained. In this case, if S=102 m2 and 

310o dBw Bw= =  Hz, then: 

( )3 310 3 10t −=   с, ( )3
1 10 0,9514q = , 343,9А   К; 

( )3 310 2,44,10  , ( )3 67,33 10сК 10   , 

51,29 10 ,  0,625G С   ; 
3 3 3(10 , ) 0,58 1010 −  ; 

( )0;0,73;2,8 108,77atmT   К,  0,22i  , 1j = . 

According to the calculations, we obtained: 

( )2 3 310 ;276;10 2791R ;10   m. 

According to the data obtained, the first curve 

( )1R Т , was constructed, which is shown in Fig. 1 and is 

marked with a dash. For the grass-water contrast, we 

should expect ( )1 254 4188R   m, with 0,22i  . With 

an average rainfall of 4 mm/h, the range of the BR 

decreases by a factor of 1,16 and is (for a grass-concrete 

object) ( )1 280 2399R   m, with 0,32i  . There are 

significant losses in the range of the BR when absorbing 

radio waves by the atmosphere. 

Provided that the differential Doppler correction of 

the BR frequency is detected, the bandwidth of the output 

filter dBw  – is reduced from 103 to 20 Hz.  That is why, 

it is proposed to use a constant time for the accumulation 

of useful signals ( )3 310 3 10t −=   s when detecting the 

grass-concrete contrast. Provided that: 

0= , В ≈ 0,73 dB/km,   аR ≈1,4 km; concТ ≈ 272 K. 

160 200 240 280 320
0

1500

3000

4500

6000

R1 T( )

R2 T( )

R3 T( )

T
 

Fig. 1. Ranges of a bistatic radiometer for mapping  

earth surfaces Ri(T) depending on the radio 

luminous temperature of the object Т 

 

According to the results of the calculations, the 

following were obtained: 

( )310 ,20 30,18sL  , 
3(10 ,  ) 73,6620  , С ≈ 0,79, 

( )0;0,73;1,4 60,75atmT   K, ( )3 310 ,20 3,18 10−  , 

0,52i  , 1j = , А ≈ 340,6 K; 

( )2 310 ;272;10 1349R ;20   m. 

When detecting the grass-water contrast 

( )2 232 2240R   m should be expected when 0,52i  , 

this is the second ( )2R Т  curve, which is marked with dots 

and dashes (Fig. 1). 

To measure the difference in stroke between the BR 

receiving points and the Doppler frequency correction, the 

ratio of the s/n at the system output 1  should be increased 

from ~ 2,32 to 32 times. The increase in the s/n leads to a 

major loss of the mapping system range. Improvement of 

the range is possible by using of BR input amplifiers with 

a noise figure of ~ 1,34 (70K) [24, 25]. 

Consequently, we should expect at: 

( )3 310 3 10t −=   s,В≈0,73 dB/km,   аR ≈ 1,1 km, 

( )310 ,20 30,18тВ  , ( )310 1015,20  , С ≈ 0,83, 

concТ ≈271 K, ( )0;0,73;1,1 48,91atmT   K, 

3 3(10 ,20) 11,9 10−  , 0,82i  ,  1j = , А ≈ 331,6 K 

operating range: ( )2 310 ;271;10 1031R ;20   m. 

When measuring the stroke difference and Doppler 

frequency correction, for the grass-water contrast, we 

obtained: ( )3 229 1710R   m, when 0,82i   – the third 

curve ( )3R Т , which is marked with a continuous line (Fig. 1). 
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Thus, according to the accepted technical 

characteristics of the BR, the detection of low-contrast 

objects only by the difference in stroke gives the greatest 

range of ~ 2,8 km. Detection by the difference in stroke 

and Doppler frequency correction, with a fixed time to 

accumulate useful signals of 3 ms, reduces the range of 

the BR to ~ 1,3 km. Measurement of the stroke difference 

and Doppler frequency correction also requires a 

significant s/n ratio at the system output, which reduces 

the range of the BR to ~ 1,0 km at a fixed time for 

accumulation of useful signals of 3 ms. 

2. Numerical simulation of values of radiometric 

image bands of land cover П and difference Doppler 

frequency correction of mapping objects [25]. 

The radio luminous contrast of grass-concrete was 

considered as a low-contrast payload. An AN-14 ‘Bee’ 

aircraft with a flight speed of hV  = 50 m/s. was chosen 

as a BR carrier. The assumed distance between the BR 

reception points (system base, B) is  10 m. 

2.1. In the numerical simulation, the viewing sector 

of the surfaces о  ~ ± 50°, or ranges from 0° tо 60°. The 

system's scanning speed is constant. After ( )ot Bw  of 

3 ms, the output filters of the BR are read out and the 

accumulated signals are nullified. The image band 

consists of the antenna system steps Кі, which are 

obtained by accumulating useful signals in 3 ms. The first 

row of the radiometric image band Bw  is equal to: 

1 2 3 4 ,nBw I I I I I= + + + +  

( ), , , cos , 2 ,o d оCr R S T Bw Bw D=     

( )1 2 ,Cr tI g B=   −  

( )2 2
2 1 1sin sin 2 ,I I ICr artg Cr= +  − −    (7) 

 

2 2
1 2

3
2

1 2

( ) sin
,

sin 2 ( )

I I Cr

artg I I C
I

r

+ + 
=

 − + −
 


 

 

2 2
1 2 3

4
2

1 2 3

( ) sin
,

sin 2 ( )

I I I Cr

artg I I CI
I

r

+ + + 
=

 − + + −
 


 

where іI  – are image steps, і = 1, 2 . . . n; Cr, о  – 

respectively, the carrier flight altitude and the viewing 

sector of the earth surfaces;   – half-width of the RP of 

the BR antennas ( 21,23 10−    rad). 

The second and subsequent image rows are 

generated after the carrier has passed the diameter of the 

signal reception spot, at a zenith angle of  =0°. The time 

to generate an image row rt  and the number of steps stI  

can be defined as follows: 

 ( ) ( )12 2 , .p h st r ot Cr tg V I t t П−  =   =      (8) 

According to the equation of the hyperboloid 

rotation ( )у r,х  [24] it is possible to calculate the 

distance between the differences in the path of useful 

signals on the mapping surface: 

( ) ( )( )2 2 2 2
1 4 0,25 , ,

nc
у r,х х r r B r

Bl
= − − =   (9) 

where r  – is the path difference of the useful signals 

between the receiving points of the BR (along the line of 

the base B r =1,36·10–2 m); ,n c  – are, respectively, the 

number of the path difference ( n  = 0, 1, 2 . . . 10) and 

the light speed с=3·108 m/s. 

According to the calculations in (7), (8) and at 
2(10 ;276;R  3 310 ) 2791;10   m, the image band Bl ≈ 

3588 m was also obtained: 

if ( )2 310 ;272;10 1349R ;20   m, then 663Bl  m; 

if ( )2 310 ;271;10 1013R ;20   m, then 212Bl  m. 

The length of the radiometric image during the 

flight of the carrier is determined by the memory capacity 

of the mapping system. 

2.2. Calculation of the difference Doppler 

frequency correction of objects on the mapping surface 

( ), , , , ,p o o dF V S T Bw ,Bw Bw  [26, 27]. 

Provided that the object velocity vector оV  (ground 

wind speed) and the carrier velocity vector нV  the 

dynamic velocity vector of the mapping object ( ),d oV V   

can be calculated using the following method: 

 ( ) 2 2, 2 cos( ),d o o н o нV V V V V V= + − −    (10) 

where   – is the angle between the vectors нV  and оV  

(in numerical modelling, it varies from 0 to 2,5 ). 

The angle between the vectors нV  and ( ),d oV V  , 

denoted by ( ),oV   and the projection of the dynamic 

velocity of the object onto the mapping plane ( ),pl oV V   

can be obtained by the following expressions: 

( ),oV =   

( ) 2 2( , ) 2 , ,н d o o н d oacos V V V V V V V   = + −   
  (11) 

( ) ( ) ( ), , cos 0,5 , .pl o d o oV V V V V = −       

The value of the difference Doppler frequency 

correction of the objects ( ), , , , ,c o o dF V S T Bw ,Bw Bl  

and the required number of Doppler filters at the output 

of each stroke difference ( ), , , , ,d o o dN V S T Bw ,Bw Bl  

can be calculated as follows: 

( ) ( ) 2, , , , , 2 ,c o o d pl oF V S T Bw ,Bw Bl V V=     

( ) ( )( )sin , , , , , , 2o d o dS T Bw ,Bw Bl S T Bw ,Bw Bl  +     

( )( )sin , , , 2 ,o dS T Bw ,Bw Bl   

 ( ), , ,o dS T Bw ,Bw Bl =  (12) 
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( ) ( ), , , , , , ,o d o dS T Bw ,Bw Bl S T Bw ,Bw Bl= −   

( ), , , , ,d o o dN V S T Bw ,Bw Bl =  

( ), , , , , ,c o o d dF V S T Bw ,Bw Bl Bw=  , 

where ( ), , ,o dS T Bw ,Bw Bw  – is the angle between the 

first BR receiving point, the object and the image row; 

( , , , )o dS T Bw ,Bw Bw – is the angle between the second 

receiving point, the object and the image row. 

The results of numerical modelling of the values of 

the differential Doppler frequency correction are shown 

in Fig. 2, provided that: ( )2 310 ;272;10 1349R ;20   m, 

oBw = 103 Hz,  dBw = 20 Hz and Bl ≈ 663 m. 

 

0.1 1 10 100 1 10
31

10

100

Fð1 Vî( )

Fð2 ( )

Fð3 S( )

Fð4 T( )

Vî  S T
 

Fig. 2. The value of the difference Doppler frequency 

correction of the mapping objects Fci(z) depending  

on the variables V0, , S and Т 

 

The first curve ( )1c oF V  is marked with points and 

is obtained when the object's velocity V0 changes and at: 

1= , S = 102 m2, Т = 272 K. The second curve 

( )2cF   (dash) shows the Doppler frequency at different 

values of   from 0 to 2,5 . It is noted that it is 

impossible for the system to detect the difference 

Doppler frequency correction if   is close to  , 2 . 

The curve ( )2cF   was calculated at: V0 = 5 m/s,  

S = 102 m2, Т = 272 K. The third curve ( )3cF S  (dots 

and dashes) was plotted at different planes of the 

mapping objects at: 1= , oV  = 5 m/s, Т = 272 K. The 

increase in the square S leads to an increase in the range 

of the system and a significant decrease in the angle 

( ), , ,o dS T Bw ,Bw Bl , which explains the decrease in 

the values of ( )3cF S . The fourth curve ( )4cF Т  

(continuous) was calculated when mapping various radio 

luminous objects. The lack of contrast between the grass 

and the object leads to a loss of the system's range and an 

increase in the angle ( ), , ,o dS T Bw ,Bw Bw , which 

explains the increase in Fc4(T) values. 

3. Numerical modelling for optimisation of 
radiometric image characteristics of various land covers. 

Six options for building the system are considered. 

The image characteristics include: 

1) band (line length) of the image Bl; 

2) number of RP steps of the BR antenna 

system stN ; 

3) the number of pixels (stroke differences) on the 

image row pxn ;  

4) resolution along the carrier's flight path rуР  and 

crosswise rхР  at the carrier and zenith angle 0°;  

5) is the difference Doppler frequency correction 

resolution 
dr FР ;  

6) number of Doppler filters at the output of each 

of the stroke differences dіN , provided that the speed of 

the mapping object is 30 m/s; 

RMSD for measuring the stroke difference  .  

and RMSD for measuring the difference Doppler 

frequency correction 
дF  [28, 29]: 

 
( ) ( )

( ) ( )

1 1

1 1

, 3 ,

, 3 .
d

in in

F d d

Bw с Bw

Bw Bw

=

=

   

  
 (13) 

Fluctuation sensitivity of the BR flТ  [30]: 

( ) 1
1 ,rec ant in ffl Т Т Bw Bw−= +  ( )0 1 ,rec stNТ Т= −  (14) 

where recТ  – is the temperature of the BR receiving 

channel (~ 580 К and ~ 99 K were obtained in the 

numerical modelling); fBw  – is the bandwidth of the BR 

output filter (103 Hz and 20 Hz were taken). 

3.1. According to the first design option, the surface 

mapping is carried out in the sector о  ± 40° from the 

zenith angle.  

According to the results of the calculations, we 

obtained: ( )2 3 310 ;276;10 2791R ;10   m, Bl ≈ 3588 m, 

stN  = 170,   pxn  = 554,   rуР  ≈ 26,3 m,   rхР  ≈ 5,8 m, 

  ≈ 0,3 m   and   flТ  ≈ 0,15 K. When expanding the RP 

of the BR antennas, the value of Bl decreases and the 

number of pxn  increases.  

Expanding the RP of the BR antennas by ~ 1,8 times 

reduces the range from 2791 m to 1710 m and reduces the 

image band from 3588 m to 2820 m. Although, at the 

same time, the number of pixels per line increases from 

554 to 870. 

3.2. The second variant of the system design 

provides a side view of the surfaces, о  varies from 0° 

to ~ 55°.  

According to the results of the calculations, we 

obtained: ( )2 3 310 ;276;10 2791R ;10   m, Bl ≈ 2254 m, 

stN = 129,   pxn = 480,   rуР ≈ ≈ 19,7 ,   rхР ≈ 4,4 m, 

   ≈ 0,3 m   and   flТ  ≈ 0,15 K. 
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3.3. The third variant of the system implementation 

detects the difference in the stroke and the difference 

Doppler frequency correction of the mapping objects, with 

a viewing sector of о  ± 15° from the zenith angle of 0°.  

According to the results of the calculations, the 

following were obtained: ( )2 310 ;272;10 1349R ;20   m, 

Bl ≈ 663 m,  stN = 106, pxn  = 106, rуР  ≈ 16 m,  

rхР  ≈ 3,6 m, rVР  ≈ 9,3 m/s,   dіN  = 4,     ≈ 0,3 m, 

dF  ≈ 5,1 H. The fact that dBw  decreased from 103 Hz 

to 20 Hz, the sensitivity of the system improved, so  

flТ  ≈ 0,02 K. 

3.4. According to the fourth design option, the 

mapping surface view sector provides a lateral view of 

the surface, о  varies from 0 to 28°. According to the 

numerical modelling results, we obtained: 2(10 ;272;R  

310 ;20) 1349  m,   Bl ≈ 576 m, stN  = 97,   pxn  = 132,   

rуР  ≈ 15 m,   rхР  ≈ 3,3 m, 
dr FР  ≈ 9,1 m/s,   dіN  = 4, 

  ≈ 0,3 m,  
dF  ≈ 5,1 Hz and   flТ  ≈ 0,02 K. 

3.5. Measurement of the stroke difference and 

difference Doppler frequency correction, as mentioned 

earlier, is possible with an increase in the s/n ratio 1  

from 2,32 times to 32 times and an improvement in the 

noise floor of the receiving channels from 3 to 1.34 times. 

With a viewing sector of space о  ± 6° from the 

zenith angle, the results of numerical simulation obtained: 

1 = 32, stRt = 1,34,  ( )2 310 ;271;10R ;20 1034  m, 

Bl ≈ 212 m,   stN  = 84,   pxn  = 84,   rуР  ≈ 12,6 m,  

rхР  ≈ 2,8 m,   
dr FР  ≈ 6,7 m/s,   dіN  = 5,   ≈10–3 m,   

dF  ≈ 1,4 Hz. By reducing the noise floor, the value of 

flТ  is reduced to 9,3·10–3 К. 

3.6. According to the sixth design option, the 

system performs a lateral view of the surfaces, о  varies 

from 0° to 12°.  

According to the numerical modelling results, we 

obtained: stRt = 1,34, ( )2 310 ;271;10 1029R ;20   m,  

1 = 32, Bl ≈ 205 m, stN = 82,    pxn = 82, rуР ≈ 12,4 m, 

rхР  ≈ 2,75 m, 
dr FР  ≈ 6,7 m/s, dіN  = 5,   ≈ 10–3 m, 

dF  ≈ 1,4 Hz   and   flТ  ≈ ≈9,3·10–3 K. 

Thus, based on the numerical modelling, six options 

for radiometric images were obtained, which are feasible 

according to the accepted technical characteristics. To 

consider the possibilities of detecting objects by the 

difference in stroke and the difference Doppler frequency 

correction. An analysis of the information amount in the 

images when measuring the difference in stroke and 

difference Doppler frequency correction of mapping 

objects is carried out. 

Conclusions 

Thus, according to the criteria of the largest number 

of pixels in the image row and image band, the best 

construction option is the first variant, where pxn =554 

and Bl=3588 m. In this case, the resolution of the system 

along the carrier's flight path rуР  ~ 26,3 m and across it 

~5,83 m are the worst obtained in the numerical 

modelling. Although, with a viewing sector of up to ± 40° 

a significant difference in the radiative capacity of 

various earth surfaces is not used. 

The second variant has a viewing sector from 0° to 

55°, which leads to better detection of various objects. 

The resulting losses, as compared to the first variant, are 

pxn  up to 480 and Bl – 2254 m. The resolution is slightly 

better, with rуР  of ~ 19,7 m along the flight path and rхР  

of ~ 4,4 m across it. Detection of objects by differential 

Doppler frequency correction according to the III and IV 

construction variants improves the fluctuation sensitivity 

of the BR flТ  from ~ 0,15 K to ~ 0,02 K. During the 

numerical modelling, we obtained a reduction of pxn , 

considering Doppler filters, to 424 and the loss of image 

bandwidth, relative to the first variant, was ~5,4 times. 

The resolution of rуР , rхР  respectively, improves 

 to ~ 16 m and ~ 3,6 m, and the speed resolution is only 

~ 9,3 m/s. At the same time, the RMSD in stroke  

 ~ 0,3 m and the RMSD in Doppler frequency 

correction of 
dF  ~ 5,1 Hz. Measurements of the stroke 

difference and the differential Doppler frequency 

correction (V, VI variants) led to a significant reduction 

in the image bandwidth, as compared to the first 

construction variant, by ~ 17 times. The number of 

pixels, including Doppler filters, is ~ 420.  

The resolution of rуР , rхР  respectively, improves 

to ~ 12,5 m and ~ 2,8 m. The speed resolution, relative to 

the III and IV design variants, decreases from ~ 9,3 m/s 

to ~ 6,7 m/s. 

The main advantage of the V and VI design variants, 

in comparison with the previous ones, is the lowest 

fluctuation sensitivity of the BR flТ  ~ 9,3·10–3 K and the 

RMSD in stroke   ~ 10–3 m and the RMSD in Doppler 

frequency correction of objects 
dF  ~ 1,4 Hz. 

Based on the results of numerical modelling, we 

analysed the amount of information on radiometric 

images during remote sensing of earth surfaces by an on-

board system that is spaced. 
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Методика числового моделювання визначення параметрів радіометричного зображення  

дистанційного зондування земних поверхонь бістатичним радіометром 

В. Є. Кудряшов, О. В. Коломійцев, К. О. Лукін, М. І. Сліпченко, П. Бернат 

Анотація .  В роботі представлено методику числового моделювання визначення параметрів радіометричних 

зображень при дистанційному зондуванні земних поверхонь бортовим бістатичним радіометром (БР). Запропоновано у 

якості корисних коливань використовувати мало контрастний сигнал трава-бетон та у якості носія БР – пасажирський 

літак АН-14 "Бджілка". Обрано для роботи БР 3-х міліметровий діапазон дожин хвиль зі смугою 22 ГГц. Проведено аналіз 

за шістьма можливими варіантами побудови системи картографування. Обчислені дальності дії систем, значення смуг 

зображення, різницевих допплерівських поправок частот об’єктів з врахуванням технічних характеристик БР та впливу 

атмосфери. Представлені характеристики радіометричних зображень при ймовірності вірного виявлення 0,5. Надані 

параметри зображень при вимірюванні різниць ходу та різницевої допплерівської поправки частоти об’єктів 

картографування. Розраховані на зображеннях кількість пікселів (різниць ходу) у рядку зображення, розрізнювальні 

здатності удовж шляху прольоту носія, поперек шляху та за різницевою допплерівською поправкою частоти. Знайдена 

кількість допплерівських фільтрів для кожної різниці ходу, середньоквадратичні відхилення (СКВ) похибок вимірювання 

різниці ходу та СКВ похибок вимірювання різницевої допплерівської поправки частоти об’єктів. Проведені розрахунки 

значень флуктаційної чутливості БР за варіантами побудови. Представлені аналітичні вирази методики числового 

моделювання для проведення розрахунків та отриманий відповідний графічний матеріал. 

Ключові  слова:  методика числового моделювання; радіометричне зображення; дистанційне зондування; 

бістатичний радіометр; дальність дії; смуга зображення; допплерівська поправка частоти; розрізнювальна здатність. 
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