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[57l ABSTRACT 
A synthetic aperture radar (SAR) target simulator for 
simulating the radar return, or echo, from a target seen 
by a SAR antenna mounted on a platform moving with 
respect to the target includes a first-in fmt-out memory 
(26) which has digital information clocked in at a rate 
related to the frequency of a transmitted radar signal 
and digital information clocked out with a fmed delay 
defining range between the SAR and the simulated 
target, and at a rate related to the frequency of the 
return signal. An rf input signal having a frequency 
similar to that utilized by a synthetic aperture array 
radar is mixed with a local oscillator (16) signal to pro- 
vide a first baseband signal having a frequency consid- 
erably lower than that of the rf input signal. The first 
baseband signal is converted to a plurality of digital 
words which are clocked into the memory (26) at a rate 
related to the frequency of the local oscillator (16). A 
synthesizer (34) is locked to the local oscillator (16) and 
provides an output signal having a nominal frequency 
equal to that of the local oscillator (la), but altered in 
accordance with range changes between the SAR and 
the simulated target, as well as in accordance with Dop- 
pler information associated with return signals from the 
target. 

5 Claims, 3 Drawing Figures 
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SYNTHETIC APERTURE RADAR TARGET 
SIMULATOR 

ORIGIN OF INVENTION 
The invention described herein was made in the per- 

formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 USC 2457). 

FIELD OF THE INVENTION 
The invention relates to synthetic aperture array 

radars and more specifically to a simulator for generat- 
ing an echo pulse reflected from a point target having 
frequency and delay characteristics of an actual echo 
pulse received by a synthetic aperture array radar 
mounted on a moving platform such as an aircraft or an 
orbiting satellite. 

BACKGROUND OF THE INVENTION 
Ground testing of an airborne or spaceborne syn- 

thetic aperture array radar is generally quite difficult if 
one attempts to simulate the effects of the orbital envi- 
ronment as well as the Doppler characteristics of the 
radar echo. In order to accurately simulate the echo, an 
echo must be produced that realistically models an 
expected return received by an orbiting sensor. Typical 
synthetic aperture radar system test apparatus simulate 
only the Doppler frequency component of a return 
echo. However, another factor contributing to the fre- 
quency characteristics of a return echo is related to the 
round trip time between the transmission of an outgoing 
radar pulse and the receipt of an echo or return pulse at 
the radar transmitter. A conventional simulator only 
simulates the Doppler component introduced by a pre- 
determined closure rate between the simulated target 
and the transmitting radar. The additional delay charac- 
teristic of the echo return is dependent upon round trip 
delay time changes as the moving platform passes over 
the target, these changes being referred to as range 
curvature information or characteristics. The synthetic 
aperture radar target simulator provided by the inven- 
tion accurately simulates a radar echo or return gener- 
ated by a point target scanned by a synthetic aperture 
radar and contains effects related both to Doppler fre- 
quency information and range curvature information 
associated with the simulated target. 

SUMMARY OF THE INVENTION 
The invention provides a synthetic aperture radar 

2 
means is provided for accessing each of the plurality of 
input digital words stored in the memory means at a rate 
related to the synthesizer altered output frequency, the 
digital words being accessed on the first-in first-out 

5 basis from the memory means. A means is provided for 
converting these accessed memory means digital output 
words to an analog second baseband signal. A means is 
further provided for mixing the second baseband signal 
and the synthesizer output signal to provide an output rf 

10 signal that precisely simulates the frequency character- 
istics of an echo signal from an actual target as received 
by a moving synthetic aperture array, these frequency 
characteristics containing both range curvature infor- 
mation and Doppler information. 

In a specific embodiment of the invention, the input 
signal is at a frequency of approximately 1.7 gigahertz, 
and the local oscillator is chosen to provide a first base- 
band signal of approximately zero to 10 megahertz. This 
signal is sampled approximately every 0.05 microsec- 

2o onds, converted into a digital word, and stored in the 
memory means. The digital words are then accessed in 
the memory means at a rate related to range curvature 
information and Doppler information associated with 
the simulated target. The accessed digital words are 

25 then converted to an analog signal which is then further 
converted to an output rf signal which contains fre- 
quency components that precisely simulate an actual 
radar echo pulse as seen by a moving synthetic aperture 

3o radar antenna. In addition, the simulator provided by 
the invention can also be utilized to accurately access 
azimuth characteristics of a synthetic aperture radar 
antenna. 

The novel features that are considered characteristic 
35 of this invention are set forth with particularity in the 

appended claims. The invention will best be understood 
from the following description when read in connection 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a graph showing the relationship between 

range and time of a point target with respect to a mov- 
ing platform containing a synthetic aperture radar an- 
tenna; 

FIG. 2 is a block diagram of a synthetic aperture 
radar target simulator according to the invention; and 

FIG. 3 is a schematic diagram showing an application 
of the synthetic aperture radar target simulator pro- 
vided by the invention wherein azimuth characteristics 

50 of a synthetic aperture radar antenna can be determined. 
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DESCRIPTION OF PREFERRED EMBODIMENT target simulator for altering the frequency and delay of 
an input rf signal by an amount related to range curva- A detailed illustrative embodiment of the invention 
ture information and Doppler frequency information disclosed herein exemplifies the invention and is cur- 
associated with a simulated target. The simulator in- 55 rently considered to be the best embodiment for such 
eludes a memory means, a local oscillator, and a means purposes. It is provided by way of illustration and not 
for mixing an input rf signal and the local oscillator limitation of the invention. Accordingly, the specific 
output signal to provide a first baseband signal. The embodiment disclosed is representative in providing a 
invention also provides a first means for converting the basis for the claims which define the scope of the pres- 
first baseband signal to a plurality of input digital words 60 ent invention. 
to be stored in the memory means, each of the digital As previously explained, the disclosed simulator pro- 
words being related to an instantaneous amplitude of vides a simple and effective means for simulating range 
the first baseband signal. A synthesizer is also provided curvature information and Doppler information con- 
having a nominal output frequency related to the local tained in a radar echo from a point target that is re- 
oscillator frequency. A means is provided for altering 65 ceived by a synthetic aperture radar antenna mounted 
the synthesizer nominal output frequency by an amount on a moving platform such as an aircraft or orbiting 
related to the instantaneous range of and the Doppler satellite. An rf input signal having a frequency of a 
shift introduced by the simulated target. A second transmitted radar pulse is mixed with a local oscillator 
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output signal and passed through a low pass filter to 
generate a lower frequency signal which is converted to 
a plurality of digital words by an analog to digital con- 
verter. The digital words are clocked into a first-in 
first-out memory device at a rate related to the fre- 
quency of the local oscillator output signal. A fre- 
quency synthesizer is locked to the local oscillator to 
have a nominal output frequency identical to that of the 
local oscillator. However, a controller provides an 
input signal to the synthesizer that is related to a simu- 
lated round trip delay time between the simulated target 
and the synthetic aperture array antenna and the Dop- 
pler shift associated with the simulated target which is 
related to the rate of change of the range between the 
synthetic aperture radar antenna and the simulated tar- 
get. The output of the synthesizer is utilized to generate 
a clock signal related to the frequency of the synthe- 
sizer, this clock signal being utilized to access stored 
digital words in the first-in first-out memory on a first-in 
first-out basis. These digital words are then provided to 
a digital to analog converter which converts them to a 
second baseband signal which is mixed with the synthe- 
sizer output to provide an output rf signal. As can be 
appreciated, the frequency of this output rf signal is 
related to Doppler shifts as well as range curvature 
information associated with the simulated target, 
thereby providing a simulated synthetic aperture radar 
echo signal having characteristics heretofore unobtain- 
able with conventional simulators. 

Referring now to FIG. 1, the radar-target geometry 
being simulated is illustrated. The round trip delay time 
D(t) between transmission and reception of a radar 
pulse equals 2R(t) divided by c where c is the velocity 
of light and R(t) is the instantaneous slant range to the 
target. In reference to FIG. 1, it can be seen that the 
target is closest to the synthetic aperture radar at a point 
10. The instantaneous Doppler frequency f&) gener- 
ated by motion of the target with respect to the radar is 
equal to twice the rate of change of the instantaneous 
slant range R(t) to the target divided by the wavelength 
(A) of the radar signal illuminating the target. Thus, it 
can be appreciated that a significant problem associated 
with synthetic aperture radar target simulators involves 
accounting for two characteristics associated with a real 
target return, the first being changes in the round trip 
delay time between the target and the synthetic aper- 
ture radar antenna and the second being the instanta- 
neous Doppler frequency shift generated by the motion 
of the synthetic aperture radar antenna with respect to 
the target. 

Referring to the block diagram of FIG. 2, an rf input 
signal which could be approximately 1.7 gigahertz is 
provided on an input line 11 to a first mixer 14 which 
has as an input a reference signal from a local oscillator 
16 having a frequency fo. The output of the first mixer 
14 is provided to a first low pass filter 18, the output of 
which is defined as a first baseband signal. The local 
oscillator 16 in the exemplary embodiment is chosen so 
that the heterodyne products from the mixer 14 provide 
a signal in the range of zero to 10 megahertz at the 
output of the low pass filter 18. The first baseband signal 
is provided to an analog-to-digital converter 20 which 
provides a plurality of digital output words, each of 
which corresponds to an instantaneous amplitude of the 
first baseband signal. As previously explained, the ana- 
log-to-digital converter 20 provides a digital output 
word each 0.05 microseconds. A counter or clocking 
means 22 and a divide by N circuit 24 is provided which 
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4 
provides a first clock signal to the analog-to-digital 
converter 20 and to a first-in first-out memory means 26. 
N in the divide by N circuit 24 is chosen to provide a 
First clock signal from the counter 22 that corresponds 
to the rate at which digital words are to be generated by 
the analog-to-digital converter and clocked into the 
first-in first-out memory 26. Thus, in the specific em- 
bodiment, N is chosen so that the counter 22 will pro- 
vide a first clock signal every 0.05 microseconds. The 
first-in first-out memory 26 could be any type of digital 
storage device having sufficient memory capacity to 
store the number of digital words to be generated dur- 
ing the maximum anticipated round trip delay time 
between the synthetic aperture array and the simulated 
target. 

A synthesizer 34 is provided which has a nominal 
output frequency fo corresponding to that of the local 
oscillator 16. A sync line 35 interconnects the synthe- 
sizer 34 and the local oscillator 16 in order to provide 
coherency between the two output signals. A controller 
36, which could be a microprocessor or a digital com- 
puter, provides a frequency modulation signal to the 
synthesizer 34 that is related to the instantaneous round 
trip delay time between the synthetic aperture radar 
antenna and the simulated target, and the expected 
Doppler shift caused by movement of the synthetic 
aperture array and the simulated target. Both of these 
signals in the examplary embodiment are summed 
within the controller 36 and provided as a single vary- 
ing digital signal to the synthesizer 34. A typical synthe- 
sizer that could be utilized is a Digiphase Synthesizer 
manufactured by Dana Manufacturing Company. The 
output of the synthesizer 34 is thus a synthesized signal 
having a nominal frequency fo and a A frequency related 
to the output signal from the controller 36. This output 
signal from the synthesizer 34 is then divided by a sec- 
ond divide by N circuit 38 which in turn indexes a 
second counter or clocking means 40 for providing 
second clock signals to the digital-to-analog converter 
42 and the first-in first-out memory 26. N in the two 
divide by N circuits, 24 and 38, is the same. Each second 
clock signal is utilized by the first-in first-out memory 
26 to output the first received digital word stored in the 
memory 26 which has not previously been outputed. 
The output of the memory 26 is provided to a digital-to- 
analog converter 42, the output of which defines a sec- 
ond baseband signal. This signal is provided to a second 
low pass filter 44 and a second mixer 46. The output of 
the synthesizer 34 is also provided to the second mixer 
46, thereby providing an rf output signal on an output 
line 48 which has the same nominal frequency as the rf 
input signal but contains a frequency modulation related 
to range curvature information and Doppler informa- 
tion associated with the simulated target. 

In operation, the rf input signal is mixed with an 
output signal from the local oscillator 16 and passed 
through a first low pass filter 18 to provide a first base- 
band signal. This signal is converted to a plurality of 
digital words which are clocked in to the first-in first- 
out memory 26 by first clock signals generated by the 
counter 22. These clock signals are coherent with the 
output frequency of the local oscillator 16. The first-in 
first-out memory 26 is chosen to provide a fixed initial 
condition delay before a second clock signal from the 
second counter 40 can shift the first digital word out of 
the memory 26. Referring to FIG. 1, this initial delay 
corresponds to the round trip time associated with the 
simulated target range at point 50, this initial delay 
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representing the delay between the transmission of a 
radar pulse and the time its echo is received by the 
synthetic aperture array. Thus, the initial delay in the 
memory 26 between the time the first digital word is 
received and the time that the first digital word is out- 
puted corresponds to round trip time for the initial 
range Rz. This delay can be implemented in various 
ways, one being to merely provide an initial fixed delay 
between the receipt at the memory 26 of the second 
clock signal from the second counter 40 and the transfer 
of the first digital input word out of the memory 26. The 
synthesizer 34 provides an output signal having a fre- 
quency foaA f wherein Af relates to the instantaneous 
round trip time between the simulated synthetic aper- 
ture array antenna and the simulated target plus the 
Doppler assdciatetl with the rate of change of range 
between the simulated target and the antenna. The fre- 
quency fo is the same as the output frequency of the 
local oscillator. The second counter 40 provides second 

6 
tion and Doppler frequency information associated 
with a simulated target, said simulator comprising: 

a local oscillator for generating a signal of frequency 
fo; 

means for mixing said input rf signal and said local 
oscillator output signal to provide a first baseband 
signal; 

means for converting said first baseband signal to a 
plurality of input digital words to be stored in 
memory means, each of said digital words being 
related to an instantaneous amplitude of said first 
baseband signal; 

means responsive to said signal of frequency fo for 
clocking said digital words into said memory; 

means for generating a signal having a nominal out- 
put frequency related to said local oscillator output 
frequency by a difference +Af; 

means for controlling said signal generating means to 
alter said nominal output frequency by an amount 
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clock signals that are coherent with the frequency of 2o shift of a simulated target; the synthesizer 34 output, that is fo+Af, and thus clocks 

digital words stored in said memory means at a rate coherent with the synthesizer 34 output frequency. related to said altered nominal output frequency, These digital words are then converted to an analog 25 said digital words being accessed on a first-in first- 
out basis; signal by the digital-to-analog converter 42, passed 

digital output words to an analog second baseband with the synthesizer 34 output signal to provide an rf 
signal; and output on line 48. Thus it can be appreciated that a 

simulator provided by the invention can provide a simu- 3o signal and 
said nominal output signal to provide an output rf lated rf signal that has the frequency and phase charac- 
signal that simulates a return signal that has fre- teristics of an echo from a point target as received by a 

moving synthetic aperture radar. By use of a first-in quency characteristics related to both range curva- 
first-out memory, and by controlling the flow of infor- ture information and Doppler information that 
mation into the memory with clock signals coherent 35 would be contained in a return signal from m ac- 
with the transmitted pulse, and controlling the flow of tual target. 
information out of the memory by clock signals that are of claim 1 wherein said first memory 
coherent with a simulated echo pulse, a high frequency means is of the type that will store a digital word in 
rf output signal can be generated which simulates an response to a first clock signal and red out a digital 
actual echo Pulse received by a moving synthetic aPer- 40 word in response to a second clock signal, said simula- 
ture radar. tor further comprising: 
A further application of the invention Can be Seen first counting means for generating said first clock 

with reference to FIG. 3. Here a simulator 60 as shown signal having a predetermined relationship with 
in FIG. 2 has an rf input line 11 that carries a transmit- respect to the frequency of said local oscillator, 
ted Pulse and an rf output line 48 that carries a Shdated 45 means for providing said first clock signals to said 
echo pulse. A synthetic aperture array antenna 66 is memory means, 
shown which can be rotated in azimuth as indicated by second counting means for generating said second 
the arrow 68. A receiving antenna 70 is connected to a clock signal having a predetermined relationship 
circulator 72 which provides incoming rf signals on line with respect to said altered nominal output fre- 
11 and couples outgoing rf signals on line 48 to the 50 quency, and 
antenna 70 for transmission back to the synthetic aper- means for providing said second clock signal to said 
ture array antenna 66. Thus as the synthetic aperture memory means. 
array antenna 66 rotates, antenna characteristics result- 3. A synthetic aperture radar target simulator for 
ing from different antenna azimuth orientations can be altering the frequency of an input rf signal by an amount 
tested. Therefore by using the test configuration shown 55 related to range curvature information and Doppler 
in FIG. 3, phase and amplitude performance of the frequency information associated with a simulated tar- 
synthetic aperture array antenna 66 can be tested as well get, said simulator comprising: 
as the antenna's ability to reject azimuth ambiguities. means for mixing an input rf signal and a local oscilla- 

Although one particular embodiment of the invention tor signal to generate a first baseband signal having 
has been described and illustrated herein, it is recog- 60 a lower frequency than that of said input rf signal, 
nked that modifications and variations may readily means for converting said first baseband signal to a 
occur to those skilled in the art. Consequently, it is plurality of digital words each of which is related 
intended that the claims be interpreted to cover such to an instantaneous amplitude of said first baseband 
modifications and equivalents. signal, 

to the instantaneous range and 

out digital words from the memory 26 at a rate which is means for accessing each of said plurality Of h u t  

through the second low Pass and are summed means for converting said accessed memory 

for mixing said second 

2. The 

What is claimed is: 65 a first-in first-out memory means; 
1. A synthetic aperture radar target simulator for 

altering the frequency and time delay of an input rf 
signal by an amount related to range curvature informa- 

means for generating first clock signals having a fre- 
quency related to the frequency of said local oscil- 
lator signals; 
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means for providing said first clock signals to said 
memory means, thereby causing said memory 
means to store one of said plurality of digital words 
in response to one of said first clock signals; 

means for generating a synthesized signal having a 5 
frequency related to said local oscillator frequency, 
range curvature information associated with said 
simulated target, and Doppler frequency informa- 
tion associated with said simulated target; 

means for generating a plurality of second clock sig- 10 
nals having a frequency related to said synthesized 
signal; second baseband signal; and 

means for providing said second clock signals to said 
memory means for accessing one of said stored 
digital words, each of said digital words being 15 
accessed in the order in which it was stored in said 
memory means; 

means for converting said accessed digital words into 
an analog signal defining a second baseband signal; 
and 

means for mixing said second baseband signal and 
said synthesized signal to form an rf output signal 
having a frequency related to range curvature in- 
formation and Doppler frequency information as- 
sociated with said simulated target. 

4. A synthetic aperture radar target simulator for 
altering the frequency and time delay of an input rf 
signal by an amount related to range curvature informa- 
tion and Doppler information associated with a simu- 
lated target, said simulator comprising: 

memory means for storing an input digital word upon 
the occurrence of a first clock signal and outputing 
on a first-in first-out basis one of said stored input 
digital words upon the occurrence of a second 
clock signal, 

means for generating a reference signal for mixing 
with said input rf signal to produce a first baseband 
signal, said simulated target; 

an analog-to-digital converter for converting said 
first baseband signal to a plurality of input digital 40 
words to be provided to said memory means; 

first clocking means for generating first clock signals 
having a frequency related to the frequency of said 
reference signal; 

means for providing Said first clock signals to said 45 
memory means, thereby successively storing said 
input digital words; 

means for generating a synthesized signal having a 
frequency related to said reference signal fre- 
quency range, curvature information associated 50 

with said simulated target, and Doppler informa- 
tion associated with said simulated target; 

second clocking means for generating second clock 
signals having a frequency related to the frequency 
of said synthesized signal; 

means for providing said second clock signals to said 
memory means, thereby successively outputing 
said input digital words at a rate related to the 
frequency of said synthesized signal; 

a digital-to-analog Converter for converting said 
memory means output digital words into an analog 

means for mixing said second baseband signal and 
said synthesized signal to provide an output rf sig- 
nal having a frequency related to said input rfsig- 
nal frequency, said range curvature information 
and said Doppler information. 

5. A method of simulating a synthetic aperture radar 
echo signal having a frequency and time delay related 

20 to range information and Doppler frequency informa- 
tion associated with a simulated target, said method 
comprising the steps of: 

generating a local oscillator signal; 
mixing an input rf signal and said local oscillator 

signal to provide a first baseband signal; 
converting said first baseband signal to a plurality of 

input digital words each of which corresponds to 
an instantaneous amplitude of said first baseband 
signal, 

generating first clock signals at a frequency related to 
said local oscillator frequency; 

storing said digital words in a first-in first-out mem- 
ory means in response to said first clock signals; 

generating a synthesized signal having a frequency 
related to said local oscillator signal, range curva- 
ture information associated with said simulated 
target, and Doppler information associated with 

generating second clock signals at a frequency related 
to the frequency of said synthesized signal; 

accessing said stored digital words in said memory 
means on a first-in first-out basis in response to said 
second clock signals; 

converting said accessed words to an analog second 
baseband signal; and 

mixing said second baseband signal and said synthe- 
sized signal to form an output rf signal having a 
frequency related to said simulated target range 
curvature information and Doppler information. 
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