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Chapter 1 

Introduction 

T b s  report documents the Inverse Synthetic Aperture Radar (ISAR) images of a 32" 

long and 19" wide model aircraft. The scattered fields of this target were measured 

in OSU-ESL compact range. Due to the multi-channel measurement capability of 

OSU-ESL compact range, both the backscattered and bistatic scattered fields of 

this target were measured in the same time. The scattered fields were collected for 

frequencies from 2 to 18 GHz with a 10 MHz increment and for full 360" azimuth 

rotation angles with a 0.2" step. Figure 1.1 shows the measurement setup. 

For the backscattering measurement, the compact range was used as both the 

transmitting and receiving antennas. For the bistatic scattering measurement, the 

compact range was used as the transmitting antenna; while, a broad band AEL 

double-ridge horn was used as the receiving antenna. Bistatic angles of 90" and 

135" were measured. Due to the size of the chamber and target, the receiving 

antenna was clearly in the near-field of the target. 

There are several algorithms which can be used to process themeasured scattered 

fields' to obtain the ISAR images. Conventional image processing method uses 

efficient algorithms, such as Fast Fourier Transform, to determine the target image. 

This approach requires that the antenna be located a large distance from the target 

[l] and that the target be rotated only through small angles. This method will not 

be valid for the near field case or the bistatic scattering case. 
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In order to determine the image of the target from the collected scattered fields, 

a more general coherent image processing approach has to be implemented [l, 2,3]. 

With the knowledge of phase history of the scattering centers associated with a 

given illumination, the calibrated scattered fields are multiplied by a phase factor 

which is the complex conjugate of the phase associated with the path length from 

the source to the potential target scattering center and then back to the receiver. 

For a given potential scattering center location, the various responses are summed 

over the frequency band and the region of angular rotation. As a result, the summed 

responses at a true scattering center will be more enhanced than those which are 

not true scattering centers. However, the major disadvantage of this approach is 

the large amount of computation time required for processing. 

A more general and efficient algorithm for image processing is the use of time do- 

main data in conjunction with the angular domain data [4,5,6]. Since the scattered 

fields are normally collected as a function of frequency for a given target rotation 

angle, one can transform the frequency domain data of the calibrated scattered 

fields to time domain data via a Fast Fourier Transform. The time domain data 

obtained represents the location of scattering centers relative to the reference target 

along the a x i s  of incident and its subsequent scattered direction. A given point on 

the time axis indicates the time required for a wave to travel from the source to a 

point in the image plane and then to the receiver. For different angles of illumina- 

tion, the scattering centers appear at different down range locations relative to the 

reference target. By summing these time domain responses for various angles of 

illumination, both the down range and cross range images of the scattering centers 

are determined. There are several advantages of this approach. First, the compu- 

tation time is much more efficient than the focussed image processing approach. 

Secondly, neither the transmitting nor the receiving antenna has to be in the far 

field of the target.. In addition, a real time imaging scheme can be implemented. 
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The ISAR images of the model aircraft documented in this report were obtained 

from the time domain-angular domain approach. For diagnostic applications, it is 

very important to investigate the characteristics of target scattering centers within 

a limited angular range. Consequently, the images presented in this report were 

generated for angular range of 20" which is represented by Bm f 10" where 8,  is the 

mean angle. For example, 90" f 10" means time domain data from 80" to 100" were 

used to generate the image. Also noted is that a Kaiser-Bessel window was used 

in the transform from the frequency domain to time domain, and a cosine window 

was used in the angular domain data in generating the ISAR images. 

The backscatter images of the model aircraft are summarized in Chapter 2. 

The bistatic images are summarized in Chapters 3 and 4 for bistatic angles (angle 

between the incident and the scattered directions) of 90" and 135", respectively. At 

the end of each chapter, the image generated from complete 360" angular domain 

data is also presented for interested readers. 
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ANTENNA 
ROLLED EDGE 
REFLECTOR TERMINATION 

Figure 1.1: Backscattered and bistatic scattered field measurement setup in OSU- 
ESL compact range. 
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Chapter 2 

Backscatter Images of the 
32//x 1V Model Aircraft 

This chapter summarizes the ISAR images of the model aircraft processed from the 

measured backscat tered fields for horizontal polarization. The backscatter ISAR 
images for mean incident angles from 10" to 360" with a 10" step are shown in Fig- 

ures 2.1 to 2.36. Note that the image for each mean incident angle was normalized 

with respect to its own maximum. In addition, the simplified outline of the model 

aircraft is also shown in these images so that one can identify the scattering centers. 

The complete 360" image is shown in Figure 2.37. 
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Figure 2.1: Backscatter ISAR image of the model aircraft. ( e  = 10" f 10"). 
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Figure 2.2: Backscatter ISAR image of the model aircraft. (0 = 20" f 10"). 
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Figure 2.3: Backscatter ISAR image of the model aircraft. (6' = 30" f 10'). 
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Figure 2.4: Backscatter ISAR image of the model aircraft. (4 = 40" f 10"). 
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Figure 2.5: Backscatter ISAR image of the model aircraft. (6 = 50" f 10'). 
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Figure 2.6: Backscatter ISAR image of the model aircraft. (0 = 60" f 10"). 
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Figure 2.7: Backscatter ISAR image of the model aircraft. (6' = 70" f 10'). 
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Figure 2.8: Backscatter ISAR image of the model aircraft. ( 6  = 80" f 10"). 
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Figure 2.9: Backscatter ISAR image of the model aircraft. ( 8  = 90" f 10"). 
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Figure 2.10: Backscatter ISAR image of the model aircraft. (6' = 1lIO" f 10"). 
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Figure 2.11: Backscatter ISAR image of the model aircraft. (6  = 110" f 10"). 
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Figure 2.12: Backscatter ISAR image of the model aircraft. (6' = 120" f 10'). 
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Figure 2.13: Backscatter ISAR image of the model aircraft. (6 = 130" f 10"). 
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Figure 2.14: Backscatter ISAR image of the model aircraft. ( 6  = 140" f 10"). 
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Figure 2.15: Backscatter ISAR image of the model aircraft. (0 = 150" f 10"). 
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Figure 2.16: Backscatter ISAR image of the model aircraft. (6 = 160" f 10"). 
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Figure 2.17: Backscatter ISAR image of the model aircraft. ( e  = 170" 10"). 
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Figure 2.18: Backscatter ISAR image of the model aircraft. (0 = 180" f 10"). 
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Figure 2.19: Backscatter ISAR image of the model aircraft. (0 = 190" f 10'). 
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Figure 2.20: Backscatter ISAR image of the model aircraft. (e = 200" f 10"). 
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Figure 2.21: Backscatter ISAR image of the model aircraft. (6' = 210' f lo'). 
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Figure 2.22: Backscatter ISAR image of the model aircraft. (6  = 220" f 10"). 

27 



A1 161 FH 
BACKSCATER IMAGE 220/240 

I I I I I I I 

-30. -25. -20. -1 5. -1 0. -5. 0. 
MAGNITUDE (dB) 

25. 1 
20. - 
15. - 

67 
UI I: 10. ; 
0 z 
w 5. : 
w 

a 
g 0 . ;  

g -10. ; 
-5. [r 

cn cn 

0 
-15. - 

-25. -2001 

. .'<... ..... , . A 

Figure 2.23: Backscatter ISAR image of the model aircraft. (e = 230" k 10'). 
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Figure 2.24: Backscatter ISAR image of the model aircraft. (6 = 240" j ,  10"). 
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Figure 2.25: Backscatter ISAR image of the model aircraft. (0 = 250" f 10"). 
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Figure 2.26: Backscatter ISAR image of the model aircraft. ( 8  = 260" f 10"). 
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Figure 2.27: Backscatter ISAR image of the model aircraft. ( 6  = 270" f lo"). 
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Figure 2.28: Backscatter ISAR image of the model aircraft. (e = 280" f lo"). 
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Figure 2.29: Backscatter ISAR image of the model aircraft. (8  = 290" f 10"). 
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Figure 2.30: Backscatter ISAR image of the model aircraft. ( 6  = 300" f 10"). 
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Figure 2.32: Backscatter ISAR image of the model aircraft. (6' = 320" f 10'). 
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Figure 2.33: Backscatter ISAR image of the model aircraft. (6  = 330" f lo"). 
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Figure 2.34: Backscatter ISAR image of the model aircraft. (8 = 340" f 10"). 
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Figure 2.35: Backscatter ISAR image of the model aircraft. (6' = 350" f 10"). 
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Figure 2.36: Backscatter ISAR image of the model aircraft. (6' = 360" f 10"). 
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Figure 2.37: Backscatter ISAR image of the model aircraft. (complete 360"). 
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Chapter 3 

Bistatic Images of the 32/'x 19" 
Model Aircraft for 90' Bistatic 
Angle 

This chapter summarizes the ISAR images of the model aircraft processed from the 

measured bistatic scattered fields for horizontal polarization. The compact range 

was used as the transmitting antenna, and a 2-18 GHz broad band double ridge 

horn was used as the receiving antenna as shown in Figure 3.1. The receiving 

antenna was located 216" north relative to the target and was in the near field of 

the target. Consequently, the bistatic angle is 90". The bistatic ISAR images (90" 

bistatic angle) for mean incident angles from 10" to 360" with a 10" step are shown 

in Figures 3.2 to 3.37. The image for each mean incident angle was normalized with 

respect to its own maximum. The simplified outline of the model aircraft is also 

shown in these images so that one can identify the scattering centers. One should 

notice that the cross range image of the target is perpendicular to the direction 

which bisecta the incident and scattering directions. The complete 360" image is 

shown in Figure 3.38. 
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Figure 3.1: Bistatic scattered field measurement setup in OSU-ESL compact range. 
(90" bistatic angle). 
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Figure 3.2: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 0 = 
10" f 10"). 
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Figure 3.3: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 8 = 
20" It 10"). 
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Figure 3.4: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 8 = 
30" f 10"). 
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Figure 3.6: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 6' = 
50" f 10"). 
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Figure 3.7: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 9 = 
60" 10"). 
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Figure 3.8: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 6 = 
70" f 10"). 
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Figure 3.9: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 8 = 
80" f 10"). 
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Figure 3.10: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 6 = 
90" f 10"). 
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Figure 3.12: Bistatic ISAR image of the model aircraft. (90" bistatic angle, B = 
110" f 10"). 
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Figure 3.13: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 6 = 
120" f 10"). 

56 



A1 157FH 
90 DEG. BlSTATlC IMAGE 120/140 

I I I I I I I 

-30. -25. -20. -15. -10. -5. 0. 
MAGNITUDE (dB) 

Figure 3.14: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 8 = 
130" f 10"). 
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Figure 3.15: Bistatic ISAR image of the model aircraft. (90' bistatic angle, 9 = 
140" f 10'). 
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Figure 3.16: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 6' = 
150" f 10"). 
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Figure 3.17: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 6' = 
160" Ifr: 10"). 
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Figure 3.18: Bistatic ISAR image of the model aircraft. (90" bistatic angle, B = 
170" f 10"). 
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Figure 3.19: Bistatic ISAR image of the model aircraft. (90" bistatic angle, B = 
180" f 10"). 
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Figure 3.20: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 6 = 
190" f 10"). 
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Figure 3.21: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 9 = 
200" f 10"). 
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Figure 3.22: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 8 = 
210" f 10.). 
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Figure 3.23: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 6' = 
220" f 10.). 
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Figure 3.24: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 6' = 
230" f 10"). 
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Figure 3.25: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 8 = 
240" f 10"). 
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Figure 3.26: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 6 = 
250" f 10"). 
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Figure 3.27: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 6' = 
260" f 10'). 
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Figure 3.28: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 8 = 
270" f 10"). 
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Figure 3.29: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 19 = 
280" f 10"). 
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Figure 3.30: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 8 = 
290" f 10"). 
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Figure 3.31: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 8 = 
300" f 10"). 
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Figure 3.32: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 6 = 
310" f 10"). 
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Figure 3.33: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 6' = 
320" f 10"). 
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Figure 3.34: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 8 = 
330" f 10"). 
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Figure 3.35: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 0 = 
340" f 10"). 
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Figure 3.36: Bistatic ISAR image of the model aircraft. (90" bistatic angle, B = 
350" f 10"). 
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Figure 3.37: Bistatic ISAR image of the model aircraft. (90" bistatic angle, 4 = 
360" f 10"). 
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Figure 3.38: Bistatic ISAR image of the model aircraft. (complete 360"). 
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Chapter 4 

Bistatic Images of the 32"x 19" 
Model Aircraft for 135O Bistatic 
Angle 

This chapter summarizes the ISAR images of the model aircraft processed from the 

measured bistatic scattered fields for horizontal polarization. The receiving antenna 

was located 171" west and 171'' north from the target as shown in Figure 1.1 and 

was in the near field of the target. Consequently) the bistatic angle was 135". The 

bistatic ISAR images (135" bistatic angle) for mean incident angles from 10" to 360" 

with a 10" step are shown in Figures 4.1 to 4.36. The image for each mean incident 

angle was normaliaed with respect to its own maximum. Again, the simplified 

outline of the model aircraft is also shown in these images so that one can identify 

the scattering centers. The complete 360" image is shown in Figure 4.37. 

Note that a metal pylon was used as the target support in this measurement. It 

has been said that for wide bistatic scattering angle, the metal pylon is not a good 

target support because its side faces may create strong bistatic scattered fields which 

will interfere with the desired target bistatic scattered fields. With this concern in 

mind, a Styrofoam column was also used as the target support for the 135" bistatic 

scattering measurement. The resulting images are in good agreement with the ones 

when a metal pylon was used as the target support. However, one should still be 
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careful when using the metal pylon as the target support for large bistatic angle 

scattering measurement. 
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Figure 4.1: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 8 = 
10" f 10"). 
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Figure 4.2: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6' = 
20" f 10"). 
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Figure 4.3: Bistatic E A R  image of the model aircraft. (135" bistatic angle, 8 = 
30" f 10"). 
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Figure 4.5: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6 = 
50" f 10"). 

88 



A1 161 FH 
135 DEG. BlSTATlC IMAGE 050/070 

I I I I I I 

-30. -25. -20. -1 5. -1 0. -5. 0. 
MAGNITUDE (dB) 

30. 

25. 

20. 

15. 
67 
W 1 10. 
0 
Z 
v 5. 
W 

- 

g 0. 

g -10. 

a 
-5. CT 

CJ3 
CJ3 

0 
-1 5. 

-20. 

-25. 

-30. -25. -20. -15. -10. -5. 0. 5. 10. 15. 20. 25. 50. 
DOWN RANGE (INCHES) 

Figure 4.6: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6 = 
60" f 10"). 
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Figure 4.7: Bistatic ISAR image of the model aircraft. (135" bistatic angle, B = 
70" f 10"). 
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Figure 4.8: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6 = 
80" st: 10"). 
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Figure 4.9: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6 = 
90" f loo). 
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Figure 4.10: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 8 = 
100" f 10"). 
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Figure 4.11: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6 = 
110" f 10"). 
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Figure 4.12: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 8 = 
120" f 10"). 
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Figure 4.13: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6 = 
130" f 10"). 
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Figure 4.14: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6 = 
140" f 10"). 
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Figure 4.15: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 8 = 
150" f 10"). 
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Figure 4.17: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 8 = 
170" f 10"). 
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Figure 4.18: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 9 = 
180" f 10"). 
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Figure 4.19: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6' = 
190" f 10"). 
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Figure 4.20: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 8 = 
200" f 10"). 
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Figure 4.21: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6' = 
210" f 10"). 
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Figure 4.22: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6 = 
220" =t loo). 
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Figure 4.23: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 8 = 
230" f 10"). 
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Figure 4.24: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 8 = 
240" f 10"). 
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Figure 4.25: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6 = 
250" f 10"). 
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Figure 4.26: Bistatic ISAR image of the model aircraft. (135' bistatic angle, 8 = 
260" f 10"). 
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Figure 4.27: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 8 = 
270" f 10'). 
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Figure 4.28: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6 = 
280" f 10"). 
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Figure 4.29: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6' = 
290" f 10"). 

112 



A1 161 FH 
135 DEG. BlSTATlC IMAGE 290/310 

1 I I I I I 

-30. -25. -20. -1 5. -1 0. -5. 0. 
MAGNITUDE (dB) 

f 

113 



A1 161 FH 
135 DEG. BlSTATlC IMAGE 300/320 

I I I I I I I 

-30. -25. -20. -1 5. -1 0. -5. 0. 
MAGNITUDE (dB) 

30. 

25. 

20. 

15. 
3 
g 10. 
0 z 
Y 5. 
W 
(3 z < cc 
rn rn 

0 

- 

-5. 

2 -10. 

-15. ; 

-20. 

-25. - 

-30. -25. -20. -15. -10. -5. 0. 5. 10. 15. 20. 25. 30. 
DOWN RANGE (INCHES) 

f 

\ 

Figure 4.31: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 8 = 
310" f 10"). 
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Figure 4.32: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6 = 
320" f 10'). 
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Figure 4.33: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 8 = 
330" f 10"). 
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Figure 4.34: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 6 = 
340" f lo"). 
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Figure 4.35: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 0 = 
350" f 10"). 
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Figure 4.36: Bistatic ISAR image of the model aircraft. (135" bistatic angle, 9 = 
360" f 10'). 
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Figure 4.37: Bistatic ISAR image of the model aircraft. (complete 360"). 
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Chapter 5 

Summary 

Inverse Synthetic Aperture Radar (ISAR) images for a 32'' long and 19" wide model 

aircraft have been documented in this report. Backscattered images and bistatic 

scattered field images for bistatic angles of 90" and 135" have been presented. Both 

the backscattered and bistatic scattered fields were measured in the OSU-ESL com- 

pact range facility. 

For the bistatic measurement in a compact range, the transmitting and receiving 

antennas can be two compact ranges or one compact range and one horn antenna. 

Furthermore, the compact range can be either focussed or defocussed and the horn 

antenna can be either in the near field or in the far field of the target. 

The ISAR images were obtained by using the time domain/angular domain data 

of the scattered fields. This approach can be used for both the backscattered and 

bistatic scattered cases independent of whether the antenna is in the near or far 

field of the target. In addition, it is very efficient in computation and real time 

image can be performed. As a result, it is a very useful diagnostic tool. 
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