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[57) ABSTRACT

System and method for producing a pattern of radar
radiation encountered by a object in the scan path of a
radar, commonly referred to as “radar signature”. The
basic system has a memory containing at least digital
amplitude information for each pulse of the signature,

digital pulse width information for each pulse, digital
pulse-to-pulse interval information for each puise, scan
time information and scan gap information. A digital to
analog converter converts the digital amplitude infor-
mation to a proportional voliage. Timers convert the
pulse width information, the pulse-to-pulse interval
information, scan time information and scan gap infor-
mation to intervals of time in sequential fashion. During
pulse width times, the output of the digital to analog
converter is enabled. The output is disabled during
pulse-to-puise intervals and scan gap time. A controlier
controls the transfer of amplitude information from
memory to the digital to analog converter and controls

. operation of the timers. The output of the digital to

analog converter is a train of pulses of varying ampli-
tudes. The output of the digital to analog converter can
be sent directly to an intercept receiver or it can be
mixed with an RF carrier wave to create a more accu-
rate simulation of the radar signature. A computer re-
sponsive to an operator enables an operator to select a
radar scenario, and based on the selected scenario,
transfers amplitude and time information to the memory
for use by the controller.

14 Claims, 7 Drawing Figures
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RADAR SIGNATURE SIMULATOR

BACKGROUND OF THE INVENTION

This invention relates to means and methods of simu-
lating a radar signal. As used herein the terms “radar
signal” and “signal” are defined as being a pattern of
electromagnetic disturbances similar or identical to a
pattern of electromagnetic disturbances encountered by
an object in the scan path of a radar.

In general, the purpose of a radar is to detect the
presence of an object or plurality of objects when those
objects are in the scan path of the radar and within the
range of the radar. The advantages of using a radar in a
hostile environment to detect the presence of hostile
elements is well known. From the stand point of the
hostile elements, it is very disadvantageous to be de-
tected by a radar.

Sensitive intercept receivers have been developed to
detect the presence of a radar signal from outside the
maximum useful range of the radar. Thus, with the aid
of an intercept receiver, an element can detect the pres-
ence of a radar signal before the element is detected by
that radar. Being forwarned, the element can then em-
ploy electronic counter measures to avoid detection by
the radar and/or to confuse the radar operator. The
characteristics of radar signals vary considerably and so
do their associated counter measures. In order to em-
ploy the proper counter measures, one must be trained
to match the counter measures to the type of radar
signal being encountered.

Heretofore, the training of a person in the recognition
of the various types of radar signals has been accom-
plished by either placing the person and his intercept
receiver in the actual radar environments or by simulat-
ing the various radar signals by prerecording the radar
signals on a magnetic tape and playing back the tape
into the intercept receiver itself. In other words, the
tape of the prerecorded radar signals simulates the pres-
ence of the radar.

The disadvantages of the first method of training are
obvious. Tape systems also have many disadvantages.
Tape recorders are limited in bandwidth and a tape
system is limited by the fact that only real time record-
ing and playback are possible. This means that signals
can be played back only for the time that they were
originally recorded. It also means that replication (copy
of a master recording) is also done in real time. Thus, a
replication of a one hour master requires an additional
one hour. Furthermore, the access time to a particular
signal on a tape is very slow.

There are in existence simulation systems which do
not use the tape method but hereiofore they have all
required sophisticated full size computers for operation.
They tend to be highly specialized in function and very
costly.

Thus there has been a long felt need for a small, com-
pact, inexpensive radar system simulator which has the
flexibility of the larger computer driven systems. This
invention satisfies that need. It is small, light weight and
inexpensive because it is a blend of software and hard-
ware wherein the hardware is minimized. It is capable
of producing virtually any possible radar signal or pulse
group either on-demand for an indefinite period of time,
or automatically for a time sequence. It is capable of
generating very complex signals and complex scenario
sets. It is capable of simulating one radar signal or a
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2
plurarlity of radar signals being encountered simulta-
neously.
Other advantages and attributes of this invention will
be readily discernible upon a reading of the test hereaf-
ter.

SUMMARY OF THE INVENTION

This invention presents a system and a method of
producing simulated radar signatures. As used herein,
the terms “radar signature” and “signature” refer to a
pattern of radar radiation encountered by an object in
the scan path of a radar, and the term “burst” refers
particularly to the pattern in a main radiation lobe and
significant side radiation lobes. A burst nominally com-
prises a train of pulses who amplitude variations follow
a {sine X)/X function. The basic system comprises a
memory means containing at least digital amplitude
information for each pulse, digital pulse width informa-
tion for each puise, digital pulse-to-pulse interval infor-
mation for each pulse, scan time information, and scan
gap information. As used herein, the term “pulse-to-
pulse interval” refers to the time span between the lead-
ing edge of a puise and a leading edge of a following
pulse. As used herein, the term “scan time” refers to the
time period that the object in the scan path of a radar
actually encounters radiation from the main lobe and
significant side lobes. As used herein, the term “scan
gap” refers to the time gap between successive scan
times. The basic system also comprises a means for
converting the digital amplitude information to elec-
tronic analog information producing a pulsed analog
output. There are also time measuring means for con-
verting the pulse width information, the pulse-to-pulse
interval information, the scan time information, and the
scan gap information into periods of time. The memory
means, the digital to analog conversion means, and all of
the time measuring means are controlled by a controller
means adaptable to retrieve in suitable order all of said
information from the memory means and operable to
apply the pulse width information, the pulse-to-pulse
interval information, the scan time information and the
scan gap information to their respective time measuring
means, and further operable to apply the amplitude
information to the digital to analog conversion means
during periods of time when a pulse width coincides
with a scan time and to withhold the amplitude informa-
tion from the digital to analog conversion means during
a pulse-to-pulse interval time period and he scan gap
time period. The time measuring means can comprise
hardward circuits, such as hardware counters and
monostable multivibrators. In the case of a programma-
ble controller, the time measuring means can also be one
or more counting loops expending a determinable num-
ber of controller machine cycles, or a number of se-
quentiaily executed instructions expending a determin-
able number of machine cycles. Circuits capable of
measuring time below a single machine cycle are used
to bring the accuracy of the time periods to less than
plus or minus 1 machine cycle. A computer with suit-
able peripherals can be used to derive and precompute
all the required information, and be used to write said
information into the memory means for use by the con-
troller. The computer means is responsive to an opera-
tor who selects a scenario and inputs the corresponding
parameters to the computer. A radio frequency carrier
wave source and a radio frequency modulator can be
used to modulate the carrier wave with the pulsed ana-
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log output, thus creating a more accurate simulation of
the radar signature.

An object of this invention is to provide a relatively
simple electronic circuit which can simulate a radar
signature.

A further object of this invention is to provide a radar
signature simulator which can simulate a wide variety
of radar types.

A further object of this invention is to provide a radar
signature simulator which can simulate an environment
wherein there are multiple radar systems of varying
kind.

It is a further object of this invention to present an
electronic circuit which takes advantage of all of the
nonpulse time periods inherent in radar signatures to
creat accurate radar signatures while minimizing the
number of circuits involved.

It is a further object of this invention to provide a
radar signature simulator which utilizes to advantage
the symmetry inherent in radar signatures to minimize
memory requirements.

Other objects of this invention will be readily appar-
ent upon a reading of the text hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a time domain plot of multiple radar signa-
tures.

FIG. 2 is an expanded time domain plot of a single
radar signature.

FIG. 3 is a further expanded time domain plot of the
main lobe radiation of a radar signature.

FIG. 4 is a time domain plot of same radar pulses of
a multipulse radar system.

FIG. 5 is a time domain plot showing interlaced radar
signatures from two (2) radar systems.

FIG. 6 is a functional block diagram of the basis
system of this invention.

FIG. 7 is a more detailed functional block diagram of
the preferred embodiment of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The term “radar” stands for radio detection and rang-
ing. A radar system is a system which uses transmitted
radio waves and reflected radio waves for detecting a
reflecting object in the scan path of the radar system.
The transmitted radio wave is usually in the form of a
pulse of radio frequency carrier wave. The spacing
between the pulses and to some extend the pulse width
determines the range of the radar system. In order for a
reflected pulse to provide useful information, it must
return to the radar antenna during the pulse-to-pulse
interval. Of course, the more pulses radiated per second
the shorter the interval between pulses. A typical long
range radar radiates 300 pulses per second with a pulse
width of approximately 7 microseconds. Typical short
range radar sends 4,000 pulses per second with a pulse
width of approximately 0.5 microseconds.

For a radar system to obtain azimuth, height and
other such information, the beam of radiation must be
relatively narrow and must be moved either by moving
the antenna or other beam moving means. It is the
movement of the relatively narrow beam across an
object which produces typically the (sine X)/X func-
tion with respect to the amplitude of the pulses encoun-
tered by the object. The function represents significant
side lobes and the main lobe passing across the object.
The pulses of largest magnitude being part of the main
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lobe. Studies have shown that the number of pulses
encountered by an object in the scan path of a typical
search radar is less than 200 for the main lobe.

Since there are many different types of radars, a de-
vice must have flexibility with respect to pulse ampli-
tude, pulse width, pulse-to-pulse intervals, scan times,
and scan gaps, all of which can vary considerably de-
pending on the type of radar. In some radar systems
they change from event to event.

Referring to FIGS. 1 and 2, a plurality of radar bursts
2 from a single radar set are shown spaced apart. The
spacing is called the “sweep time”: which refers to the
total time required by the radar system to make a com-
plete path over the desired search field. Each burst 2 is
shown to have a main lobe 4 and nominally two pairs of
the side lobes 4A and 4B. Referring to FIGS. 2 and 3, it
can be seen that as the burst 2 is expanded, it can be seen
to comprise a plurality of pulses 6. Each pulse varies in
amplitude. Each pulse 6 has a pulse width (PW) and a
pulse-to-pulse interval (PTPI). FIG. 4 represents a spe-
cial case where each pulse 6 is actually comprised of a
plurality of pulses, sometimes of varying widths and
puise-to-pulse intervals. FIG. 5 represents a situation
where an object is in‘the scan path of two (2) radar sets),
and thus their signatures are interleaved.

Referring to FIG. 2, this invention makes use of the
fact that a radar burst is substantially symmetrical about
the midpoint, i.e. T/2 of the scan time, and the fact that
each lobe of the burst is symmetrical about its mid-
point.

Referring to FIG. 6, a controller 10 controls a mem-
ory means 12, a digital to analog conversion means 14
and timers 16 via data and control lines. In order to
simulate a radar signature, the memory means must
contain, at least, digital amplitude information for half
of the pulses in the symmetrical radar burst, digital
pulse width information for each pulse, digital pulse-to-
pulse interval information for each pulse, scan time
information (which may be simply the number of pulses
during the scan time), and scan gap information. The
radar signature, exclusive of the radio frequency carrier
wave, can be detected at the output of an amplifier 18
which amplifies the output of the digital to analog con-
version means 14. The output of the amplifier 18 is in
the form of analog pulses which simulate the radar
signature pulses 6. The amplitude of each pulse in the
burst is achieved by sequentially applying the digital
amplitude information for each pulse from the memory
means to the digital to analog conversion means (DAC)
14. This is done by the controller 10. For symmetrical
main lobes, a first half is produced by using the ampli-
tude information in one order, and a second half is pro-
duced using the amplitude information in a reverse
order.

In signatures which follow a (sine X)/X pattern, an
assumption can be made that side lobes have beam
widths equal to a fraction of the main lobe. That frac-
tion can be reduced, for practical purposes, to an integer
ratio of some number of main lobe pulses per side lobe
pulse. With this information, the controller can derive
amplitude information for half of a side lobe by stepping
through and using the main lobe amplitude information
while skipping the ratio number of main lobe amplitudes
for each amplitude retrieved, and reducing each re-
trieved amplitude by a suitable scaling factor. As with
the main lobe, a second symmetrical half of a side lobe
can be reproduced using the same amplitude informa-
tion of the first half but in reverse order.
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A plurality of time measuring means, the timers 16,
convert the digital pulse width information, the digital
pulse-to-pulse interval information, the digital scan time
information, and the scan gap information into corre-
sponding periods of time. The controller 18 provides
the timers 16 with the time information stored in the
memory means 12. The controller 10 applies amplitude
information to the DAC only when a pulse width time
coincides with a scan time, and it withholds the ampli-
tude information from the DAC during a pulse-to-pulse
interval time period and a scan gap time period. By the
term “withholding the information” is meant that the
controller either withholds the information from the
DAC or by other means disables the output of the DAC
so that the output falls to a reference level.

FIG. 6 also shows a radio frequency (RF) oscillator
20 in electrical communication with an RF modulator
22. Optionally, the output of the amplifier 18 can be sent
to the RF modulator 22 to modulate the output of the
RF oscillator 20, thereby creating a pulse modulated
carrier wave which more accurately simulates a radar
signal. The modulated RF can be fed to an intercept
receiver 24 being operated by a trainee. The output of
the intercept receiver being a video wave-form can be
fed to a wave-form video display 26. Alternately, the
pulsed analog from the amplifier 18 can be fed directly
to the wave-form video display 26. In either case, a
trainee will observe a simulated radar signature.

Preferably the controller has a basic machine cycle
such that each function performed by the controller is
performed over a fixed time period which is an integer
multiple of the machine cycle. If the controller is
adapted to performing counting functions and “no oper-
ation” (NOP) functions which do not alter the state of
the system, the measuring of time can be accomplished
within the controller by a combination of counting
functions and NOP functions. A “counting function” as
used herein refers to a closed loop where the controller
repeatedly cycles through a fixed set of states during
which the controller is counting. When the count
reaches a certain point, the controller then breaks out of
the closed loop. The number of machine cycles in each
such counting function is determinable and therefore
the time expended is determinable. A counting function
can be considered a coarse time measuring means. To
measure time to an accuracy of plus or minus 1 machine
cycle, a suitable number N of NOP functions are ap-
pended to a counting function. If the counting function
is itself accurate, then no functions are appended to it in
which case N=0@; if it is not so accurate, then one or
more NOP functions are performed by the controller
upon cessation of the counting function.

The timers 15 can also comprise at least one delay
circuit responsive to control signals from the controller
and operative to measure a time period less than a ma-
chine cycle in duration. Such a circuit is utilized by the
controller when more accuracy in time measurement is
desired. The controller triggers the delay circuit and in
a time period less than a machine cycle the circuit will
cause a withholding of information from the DAC.

Referring to FIG. 7, the memory means 12 of the
basic system is shown to be comprised of a program
storage 32 and a scratch pad memory 34. Both memo-
ries are controlled and accessed by a microcontroller
30, a Signetics 8X305. The microcontroller 30 has a
machine cycle time of 200 nanoseconds and will com-
plete any instruction in its instruction set in one machine
cycle.
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The program storage 32 is a random access memory
containing instructions and instruction data and it is
accessible to the microcontroller 30 via an instruction
address bus 38A and instruction data bus 40.

The program storage 32 is also accessible to a com-
puter 54 via an integrated input/outport circuit (1/0
port) 70. The 170 port 70 can address the program
storage via address bus 38B and can write data in the
storage via a data bus 41. The I/0 port 70 can also read
data from the storage 32 via the instruction bus 40. The
storage addresses from the microcontroller 30 and the
1/0 port 70 are time multiplexed by an address multi-
plexer 72 and sent to the storage via address bus 38C.

The E/O port 70 can also access an interface vector
bus 42 which is an address and data bus by which input-
/output devices can communicate with the microcon-
troller. The 1/0 port 70 communicates data to and from
the computer 54 via data 74 and control 76 lines.

The scratch pad memory 34 is aiso a random access
memory accessible to the controller via the interface
vecitor bus 42.

The microcontroller sends data and control signals to
a DAC 46 via an 170 port 48. The input of the DAC is
essentially a set/clear register. A “set” signal from the
1/0 port 48 loads the digital amplifier information into
the DAC 46. The amplitude information in the DAC 46
is cleared, or the output of the DAC is disabled, by a
“clear” signal from an I/0 port or by a delay circuit 50
which is triggered by the I/0 port 48. The output of the
DAC 46 goes through amplifier 18 which can be used
by an RF modulator 64 to modulate the output of a
programmable RF source 62 resulting in pulse modu-
lated RF carrier wave.

The computer 54 interfaces with an operator by
means of a video display unit 56 and a keyboard 58. In
order to adequately train personnel in-detecting and
using counter measures in a radar environment, many
simulated environments, scenarios, must be presented to
the personnel. The flexibility of this system enables
many different scenarios to be selected by an operator.
The operator selects a scenario by inputting appropriate
parameters to the computer via the keyboard. The com-
puter in turn prompts and displays any parameters via
the video display unit.

An additional peripheral to the computer is a mass
storage means such as a magnetic storage medium, eg. &
floppy disk drive. The floppy disk drive can contain
signature information and/or the means to compute said
information. The signature information, either pre-com-
puted or calculated by the computer 54, is then written
by the computer 54 into the program storage 32 and the
scratch pad memory 34 for use by the microcontroller.
While the computer is writing the signature informa-
tion, the microcontroller operation is halted by I/0 port
70 via a hait line 78.

Referring again to FIG. 7, it can be seen that the
microcontroller interfaces to I/0 port (52) via interface
vector bus. This I/0 port 30 communicates with a pro-
grammable RF source 62. The programmable RF
source 62 can be an HP-86290 RF sweep oscillator. By
using a programmable RF source, the microcontroller
can vary the frequency of the RF carrier from pulse-to-
pulse if desired. The output of the RF source is modu-
lated by the pulsed analog from amplifier 18 by means
of RF modulator 64. The modulated RF can be fed to
an intercept receiver as discussed before and alterna-
tively the pulsed analog can be fed directly to a wave
form video display.
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As can be seen, the basic tool in creating the pulse
train present in each radar signature is the DAC. For
each pulse, the DAC is given amplitude information, is
turned on at the appropriate time, and turned off at an
appropriate time. After the DAC has been turned on
creating the leading edge of a pulse, a controller is
involved in measuring the pulse width time, and at the
expiration of the period, the controller turns off the
DAC. From that point on the controller is free to do
any other activities required until the time for the next
pulse arrives. For a typical long range radar, which
transmitts 300 pulses per second, the pulse-to-pulse
interval is 33 milliseconds. For a controller whose cycle
time is 200 nanoseconds, that is a considerable amount
of time to prepare for the next pulse. The controller can
therefore perform many other functions which are not
constrained by real time requirements during the inter-
val. Additionally, the scan gap for a given radar is typi-
cally on the order of seconds in time duration. It is this
time between scan times of a single simulated radar
which permit this system to interpose additional scan
times to simulate additional radars. The number of radar
signatures which can be interleaved is only limited by
the minimum amount of scan gap required to transfer
successive signature information to the controller. The
system as shown in FIG. 7 can interleave approximately
five radar signatures.

The 1/0 ports are preferably integrated circuits
adaptable for buffering data and for interfacing with the
8 305 interface vector bus. Preferably they are Signet-
ics 8X372’s or the like which are plurality of bi-direc-
tional latches.

In operation, an operator selects a radar scenario via
keyboard inputs to the computer and in response to
prompts from the computer displayed on the video unit.
Based on the selected scenario, the computer fetches
appropriate data and programs from the disc storage
and precomputes appropriate data. The computer then
“halts” the microcontroller and writes instructions and
data into the program storage. The microcontroller is
then released from the halt condition and begins to
execute instructions from the program storage to pro-
duce a signature related to the selected scenario.

After going through an initialization process
whereby the microcontroller moves all timing informa-
tion from program memory to scratch pad memory, the
controller enters a functional loop wherein the pulses
are produced. The basic functional loop comprises the
following steps:

1. The controller, having previously retrieved from
memory an amplitude value for the next pulse, applies
said value to the DAC and begins a pulse.

2. The pulse width timer, having previously been
given information regarding the duration of the current
pulse, measures time and indicates when a time equal to
said duration has elapsed.

3. The controller then withholds the amplitude value
from the DAC.

4. The signature duration timer, having previously
been given information regarding the duration of the
signature, measures time and indicates when time equal
to said duration has elapsed.

5. If a time equal to the signature duration has
elapsed, then the controller exits this loop.

6. Bearing and frequency information for the next
pulse is retrieved from memory by the controller and
made available to the operator.
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7. An index means, having previously been set by the
controller to point to a starting location in a memory
table of amplitude values, is updated by the controller
and made to point to the next amplitude value in the
table.

8. Using the index means, the controller retrieves
from memory and saves the next amplitude value.

9. An amplitude value counter, having been previ-
ously been set by the controller with the total number of
values in the amplitude table, is decremented.

10. The controller then tests the amplitude counter to
see if the count is exhausted.

11. If the count is exhausted, then the controller goes
through an algorithm to set the index means to a new
amplitude table starting location, resets the amplitude
value counter to a new a number of amplitude values,
and returns to step one.

12. If the count is not exhausted, then a PTPI timer,
having previously been given information by the con-
troller regarding a difference between time consumed
during steps 4 through 10 and the duration of the cur-
rent PTPI, measures times and indicates when a time
equal to the difference has elapsed.

13. The controller then returns to step 1.

Regarding the algorithm of step 11, if all of the ampli-
tude values of a selected signature burst are contained in
the controller memory then the size of the table will
equal the amplitude count and no algorithm will be
necessary. If the burst is repetitive, such as when simu-
lating a conical radar system, the algorithm will com-
prise simply resetting the index means to the original
table starting location. If the burst is symmetrical and
only half of the amplitude values are stored in memory
to take advantage of the symmetry, then the method of
updating the index means is simply reversed so that the
index means will step through the amplitude table in a
reverse direction.

In some radar systems, the pulse width is variable,
even in some cases from pulse to pulse. In such a case,
the basic functional loop would be modified such that,
prior to step 2, the controller would either retrieve a
number from memory representing the duration of the
next pulse, or the controller would go through an algo-
rithm to determine same. .

In some radar systems that PTPI is variable. In such
a case, the basic functional loop would be modified such
that sometime prior to step 12, the controller would
retrieve a number from memory representing the differ-
ence of time consumed during steps 4 through 10 and
the duration of the current PTPI, or it would go
through an algorithm to determine same.

As mentioned before, bearing and frequency informa-
tion is made available to the operator for each pulse.
Alternately, bearing and frequency information can be
transmitted to the controller from an external device for
comparison purposes. In such a case, the basic func-
tional loop would be modified such that in step 6, rather
than making the bearing and frequency information
available to the operator, the controller would read
bearing and frequency information coming from the
operator and compare them with the values in memory.
The controlier would then exit or continue on in the
loop depending on the results of the comparison.

Appended hereto are appendices A and B. Appendix
A is a source listing containing all of the data and in-
structions necessary for an 8X305 microcontroller to
simulate a conical radar system with a pulse repetition
frequency of 1,000 per second and a pulse width of 1
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microsecond. The listing language is that used in an
8X305 Microcontroller Cross Assembly Program
(MCCAP) from Signetics Corporation of Sunnyvale,
Calif.

The 1/0 of the 8X305 is handled in a right bank and
left bank arrangement. The terms “LB” and “RB” spec-
ify the left and right banks, respectively, during “move”
operations. The terms “LB8” and “RB8” specify left
and right banks, respectively, during “xmit” operations.
The terms “R12” through “R17” specify registers inter-
nal to the 8X305. The terms “TMR1” through “TMR3”
are addresses for 3 scratch pad locations used by the
signature duration timer. The duration timer is a double
nested counting loop. The term “DEC” and “INC” are
decrement and increment constants, respectively. The
terms “DON” and “DOFF” are DAC enabling and
disabling constants, respectively. The terms “BV1” and
“BV2” are 2 byte values representing the bearing from
the operator of the simulated radar. The terms “FV1™
and “FV2” are 2 byte values representing the frequency
of the simulated radar. The term “DEV” equals the
number of amplitude values in the amplitude table be-
ginning at “DATA0”. The terms “TMV1” through
“TMV3” or 3 initial values of the double nested count-
ing loop of the duration timer. The terms “PRTV1” and
“PRTV2” are initial values of a single nested counting
function of the PTPI timer of step 12 of the basic func-
tional loop. The term “AUX” represents the auxiliary
register internal to the 8X305. NOP'S are accomplished

- by moving the contents of AUX to AUX.

Steps 1 through 4 of the basic functional loop are
accomplished beginning with the instruction labeled
“PULSE” and ending 2 instructions before “PRIT3".

'Step 5 is accomplished in the instruction just prior to
«PRIT3”. The instructions foliowing “PRIT3” and
“PRIT2” are NOP’S to equalize time consumed prior to
arriving at “PRIT1”. Step 6 is accomplished in the 9
instructions beginning with “PRIT1”. Step 7 is accom-
plished in the 10th and 1lth instructions following
“PRIT1”. Step 8 is accomplished by the 12th instruc-
tion following “PRIT1”. That instruction is an indexed
“execute” instruction. Internal register R3 being the
index register, points to one of the instructions in the
‘table beginning at “DATA0”. The execute instruction
tells the microcontroller to go to the location specified :

by R3 and execute only one instruction. The instruc- |
tions in the table simply move a value, an amplitude !
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value, to a register R4 internal to the microcantroller.

Steps 9 and 10 of the basic functional loop are accom-
plished by the 6 instructions prior to “PRIL.” Step 11 is
accomplished by the 3 instructions beginning with “IN-
ITIAL”. Steps 12 and 13 are accomplished by the in- *
structions from “PRI1” through the instruction follow-
ing “NNOPS.”

Appendix B is a source listing in the same assembler
language of a circular radar with the pulse repetition
frequency of 1200 and a pulse width of 1.2 microsec-
onds. This simulates a radar with 3 pairs of side lobes
and a main lobe. This type of radar follows the (sine
X)/X function. The terms used in this program are
identical to the terms used in appendix A with the addi-
tion of some terms. The terms “DTMR1” through
“DTMRS3” specific addresses for 3 scratch pad loca-
tions used by a scan gap timer. The scan gap timer is a
double nested counting loop with “DTMV1” through
“DTMV3” as initial values.

An analysis of the listing of appendix B by one of
ordinary skill in the pertinent art would reveal a corre-
lation between the previously described basic functional
loop and the specific instructions. However, one differ-
ence between the appendices should be noted. Immedi-
ately after step 6 is performed by the 10 instructions
following “PRI1,” internal register 12 is tested for a
non-zero condition. If register 12 is not zero, the con-
troller branches to “UP,” and increments the index
register R3. If register 12 is zero, the controller decre-
ments the index register 3. Thus, register 12 is a re-
minder to the controller of the direction of access
through the amplitude value table. Thus, in a symmetri-
cal burst such as this, it can be seen that only half the
values need be stored in a table because half of the burst
can be synthesized by stepping through the table in one
direction and the other half of the burst can be synthe-
sized by stepping through the table in the reverse direc-

_tion.

The scan gap timer present in appendix B is not neces-
sary in appendix A because the simulated radar pattern :
is a continuous train of pulses due to the conical pattern
of the radar beam scan pattern. Thus, there is no scan -
gap.

The foregoing was given for illustrative purposes
only and no unnecessary limitations in the following
claims should be derived therefrom.

APPENDIX A

FROGRAM NAME IS:1TOM
CODED FOR HF-84290

FREQUENCY ASS5IGNED: 12000

Fil= 147

F= 126

BEARIMG ASBIGNED: 1322

1= 18

Ldm= 22

DURSTION:
MINUTES: 1.5
SECOMNDS: F0

FULSE WIDTH: 1

FILEE REFETITION FREGQUENMCY: 100
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]

CsCAR TYFE: COMICAL
CPREF= 1000
CCOMICAL RATE: xR
CRONGE= 3 '
| COMICAL RATE= 32
PRI= .001
FRICALES . 000NF598
298.8 99%.8 9%98.6
AETYRE

TOM. SR
~ROG

TOM



LR

3=

DF&STHD
DFST HF

Fol
R
Fiié
R17
THFL
THRR

DEC
IRC
DO
DOFF
VAl
Vakl
BV
BY:E
FYl
Fuz
DEV
TV L
THVE
THMWVI
FRTV1
FRTYE

TRITT Tl

UL &R

2L
EGH
EO

CEGH

ECILS
EGH)
Eau
EQu
Ee
ECGH
EC
Ee
Ec

E G
Eau
EGL
EGU
EGd
ECU
EGH
EC
B
By
EOU
EABIN
EZEILS
ECIL
Eou
Eau
OFG
XMIT
MIT
AEIT
XMIT
XMIT
XMIT
XHMIT
XHMIT
JEE
EMIT
FEPE
HOVE
MOVE
RNy E'

11
27H
ETH
44
&H
11H
10H
12H
1732H
12H
13H
14H
15H
1&H
17H
10H
11iH
12H
IT7TH
1H
AT
1%
(]

I
107
IR

Tl , ["l“

Tl"l'v’i".‘.. !"IGcI
THRZE, TVR
THVE, RE8
a0, F'

DO, LEE
Ay, AUX
AUy, GUY
AUy, ALY
ALY, ALIX
DOFF , LES
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FRITI

Tl

FRI2

DLY4

DLY3

12

apnD BT, RLE
MOVE BT, RE
¥MIT THR1, IVR
XMIT THVL, RES
MZT FLIZ,PRITZ
¥MIT THES, IVR
MOVE FE, RLE
aph FI1%, RIS
MOVE K13, RE
¥MIT THRZ, TVR
KMIT TMVZ, RES
MZIT R1Z,FPRITH
JME MEXT

MOVE ALY, AUX
MOVE ALY, ALX
=AU, AUX
= aUY, AU
HOUE BUY , AUX
MOVE ALY, AUX
MOVE ALY, AUX
MOVE ALY, AUX
MOVE ALY, AUX
MIOVE  GUX, AUX
MOVE ALY, AUX
MOVE &L, AUX
MOVE  AuUX, AUX
MOVE  &UX, AUX
¥MIT 2, TVL
¥MIT 3, IVL
KMIT HUI,LHB
XHMIT 4, LES
KMIT tu?the
XMIT =, IVL
XMIT FV1,LES
MIT &, IVL
KMIT FV2, LES
MMIT Vall, aux
ADD R, RI

YEC  DATAD (RT)
(MIT 1, TVL
o L

e, PR
INITIAL
C ALY, AUY
s AUy, AUY
MOVE A, AUX
MOVE Al , AUX
XMIT DEC., AUY
¥MIT PRTVL,R&
YMIT FRTVZ, RIS
ADD  FRb,R&
ADD  R15,R15
NZT  R1IS,DLYE
MZT &, DLY4
MOVE ALY, AUX




MNNOFS

DATAD

MOVE

XMIT
JHE

XMIT
XMIT
XMIT
KMIT
¥MIT
XMIT
XMIT
KMIT
XKMIT
XHITT
XMIT
XMIT
XMIT
KHMIT
XMIT
XMIT

CRMIT

XMIT
¥MIT
XMIT
XMIT
XMIT
XMIT
XMIT
XMIT
XMIT
AMIT
KMIT
XMIT
XMIT
XMIT
KMIT
KMIT
XMIT
KMIT
XMIT
KMIT
XMIT
XMIT
XMIT
XMIT
XMIT
*MIT
XMIT
AMIT
XMIT
XMIT
KMIT
KMIT
XMIT
XMIT
XHIT
XMIT
KMIT

XMIT

13

aUX, AUX

2, IVL
FULSE
191, R4
204, F4
216,04
227 ,.R4
~37,h4
245, R4
JSl,Rﬂ
254, R4
2ES, R4
253,R4
245, B4
242, R4
234 ,R4
22?,F4
212, R4
199, R4
1846, R4
174 ,R4
162, R4
151, R4
142, R4
135,R4
130, R4
’“8_ B4
128,14
121, R4
1246, R4

143, R4

152, R4
\.3-\.:\ % F("q
175, R4
188, R4
2&1,&4

R4
Q255R4

2I5,R4

247, R4
2850, R4
254, R4
:quFﬂ
254, R4
ZSH_F4
244, R4
2a6. R4
226,R4

215, R4
2072, Fid
190, R4d
177 R4
165, 4
154, Fd
144, R4
1737,
131, Fd
178, R4
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XMIT
XMIT
XMIT

XMIT
XMIT
AMIT
XMIT
XMIT
AMIT
XMIT
XMIT
XMIT
XMIT
XMIT
AMIT
XMIT
AMIT
XMIT
XMIT
XMIT
XMIT
XMIT
AEIT
XMIT
AMIT
XMIT
XMIT
MIT
XMIT
iMIT
XMIT
XMIT
XMIT
XMIT
AMIT
XMIT
XMIT
XMIT

CXMIT

XMET
XMIT
XMIT
XMIT

YMIT

AMIT
XMIT
XMIT
XMIT
MIT
XMIT
XMIT
XMIT
EMIT
EMIT
XHIT
XHMIT
XHrT
XKMIT

14

128, Fd
130, R4
1354, R4

141,R4
150, R4
151, R4
172, R4
185, R4
198, R4
210,R4

Aqi_Pd
2446, R4
258, R4
22%9,.F4
218,R4
206, R4
193, R4
180, R4
168, R4
156, R4
146, R4
128, R4
132, R4
129,R4
l_B,R
129, R4
133, R4
139, R4
148, R4
158,R4
169, R4
182, R4
194,14
207 .R4
219,R4
2I0LR4E
PP, R4
247, R4

252n:4

255, R4
255, Fd

252, R4

=247, R4
240,R4
2Z1,R4
””1_F4
209, R
194, R
183, R4
171, R4
189,14
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XMIT 149,R4 R17 EQU 17H

XMIT  140,R4 TMR EQU 10H

XMIT 134, R4 TMR2 EQU 11H

XMIT  129,R4 5 THMRE EQU 12H

XMIT 128, R4 DTME1 EQU 40H

XMIT 128,FR4 DTMRZ EQU 41H

XMIT 132, R4 DTMRS EQU 42H

XMIT 137,R4 10 ' DTMRA EQU 45H

XMIT 145, R4 DTMRE EQ 4&H

XMIT 155, R4 DTMEC EQU 47H
XMIT  1&6&, R4 DEC EG T77H

¥MIT  179,R4 s INC EQU 1H

END TOM ’ DO EQU 3H

DOFF EGU OH

“APPENDIX B VALD EQU O
vaL1 Eal 1

A:FROGRAM MAME 15 TOMCIR 20 EV1 EQl 50
CODED FOR HF-84290 ' BY2 EQU &4

FREQUENCY ASSSBIGMED: 2EAS EU1 Eou 8
Fl= g Fyz  E@U 44
s 44 2 DEV EQU 121

REARING ASSIGNED: m24 : DTMY1 EOU &
1= S0 DTMVZ ERU 9
2= &a DTMVE EQU &
DURATIOM: 30 A
MINMUTES: 1 DTHVA
SECONDS: =0

EQU O
DTHVE EQU 0
DTMVE B 0
) THVL EQU 55
FULSE WIDTH: -2 35 THMYSD EOU ':.\‘J "
FULSE REFETITION FREGUEMCY: 1200 THu EOU o
sCanN TYFE: CIRCULAR FRTVL Eou 9

SIDELOEE LEVEL 1 = 12 RTVL fou 9
SIDELORE LEVEL 2 = 18 w0 FRTVZ ggg . nay
SIDELOEE LEVEL 3 = 25 RE

BW 5.7 SCANT T.2 FRF 1200 DT O RESET  XMIT DTHRL, IVR
FRI= §.33333E-04 AMIT DTMVZ, RES
ERICALC= . 00083T2 AMIT DTMRZ, VR
RICALC= 000872 s XMIT DTMYZ, RES
23 XMIT DTMRZ, IVR
XMIT DTMVE, RES
GME TNITIAL
5 XMIT THRL, VR
XMIT THVI, RES
XMIT THRZ, IV
XMIT TMUZ, RES
XMIT THMRGE, TV
CXMIT THVE, RES
JMP IMITIAL
XMIT 0, AUX
MOVE AU, R12
XMIT DEV,RS
IMP REVRS
INITIAL XMIT VALO,RZ
XMIT 1,AUX
MOVE AUX, F12
XMIT DEV,RE
FULSE  XMIT DON,LES
XMIT DEC,AUX
XMIT 1,R14

e
A>TOYFE ITOMCIR.SRC
FROG TOMCIR 55
LK EQU 27H
RE EOU 37H EREF
DFSTHO EQU aH
DFSTHF EGL &H 60
DSECHO ECL 11H
DSECHF EQL 10H
LLE8 EQU 12H
=§=t=] EGL 13EH 65
= B EpL 12H
= B 173H
Fei EQU i4H
R15 EGU 15H
Filé EOU 1aH




DLY1

PRI

FRIZ

FRIL

(RIS

UM

COMT

17

ADD R14,RH14
MET F14,DLY1
MOVE AUX, AUX
¥MIT DOFF, LES
¥MIT DEC, AUX
¥HIT THMRL, IVR
MOVE RE,RIZ
aDD R1IE,RIZ
MOVE R1Z,RB
MEZT RIZ,FRIZ
¥MIT THRE, IVR
MOVE RE,R1Z
ADD RIS, HLIE
MOVE R1Z,RE
¥MIT THF1, TVR
¥MIT THUL, RES
MZT RIE,PRIZ
XMIT TMRE,
HOVE RE,
GO0 RIS, RLE
MOVE R13,RE
YMIT THRZ, IVR
XKMIT THVE, RES
MZT R13,PRIL
JFF NEXT

FMOVE  aux, AUX
MOVE AUX, AUX
FOVE AUX, AUX
AU, &l

GE ALK, AU

MOWE aU¥, AUX
FMOVE @y, aUx
FIOVE Al e
MOVE @l AUX
MOVE &l aldx
MOVE GUX, BUK
MOVE  &UX, ALK
MOVE &aUK, AUX
MOVE  AUX, AUX
YMIT &, IVL
YMIT O, LES
¥MIT &, IVL
YMIT BVL, LES
KMIT
KMIT BYE,
¥MIT 5, IVL
YMIT FV1,LEE
AMIT &, IVL
¥MIT FY2,LEB
WZT F1Z, U
YMIT DEC, AUX
JHP SUM

KMIT 1,AUX
MOVE ALY, ALY
ADD RS, RE
JHF DETAS
SMIT L, IV
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MOVE R4, LR
YMIT DEC, AUX
aDD RS, RE

MZT RS, PRI
¥MIT DEC,AUX
XMIT DTHRL, IVR
MOVE BB, L3
aDD K13, R13
MOVE R13, FE

CHIT ORIE,DRITE

YMIT DTHEEZ, TVR
MOVE FE, R13
ADD RIZ,RIT
MOVE R13,RE
¥MIT DTMR1, IVR
¥MIT DTMVL, REE
MET FR1E,DRITE
¥MTT DTMEZ, [VR
MOME B, RLE
ADD F13E,R13
MOVE R13, RE
LMIT DTHRE, IVR
¥MIT DTHVE, RES
MZT RIS, DRITI
JHMP RESET
MOVE  BUY, BUX
MOVE  fallY, Al
MOVE  aUY, auX
FOVE ALY, ALY
s aU, ALY

MOVE  Aldx, AUX
MOVE 8UY, AUX
MOVE ALY, AUX
FIOVE  &UX, AUX
MOVE AU, AU

L HMOVE AU, AUY

MOVE &LIE, ALIX
MOVE @Al alx
MOVE  allx, AUX
¥MIT 1, IVL
¥MIT O, LERB
XHMIT 1,RE
¥MIT O, RE

XMIT DEC, AUX
XMIT FRTVL,Ré
KMIT PRIV, RIS
aDD Fé,

abh o RS, R1E
HET RIS, DLYZ
MET  Fé,DLY4
WMIT Al AUX




DATAD

CEMIT O 14, R4 » 5 XMIT
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JME CONT AT
¥MIT  1,R4 YT T
YMIT &, R4 ~ YT

AMIT
KMIT
XHIT
XMIT
KMIT
XHMIT
EMIT
KIT
XMIT
KMIT
XMIT
KMIT
XMIT
XMIT

PR KHMIT
4 XMIT
XMIT
10 XHMIT
KMIT
XMIT 3?,F4
XMIT 73, R4
XMIT 90, R4
XMIT 105, R4
XMIT 121,F4
XMIT 135, R4
XMIT  147,R4
20 XMIT 158, K4
AMIT  léb, R4
XMIT ¥MIT 173, R4
XHIT , XMIT 477, R4
XMIT  84,R4 25 XMIT 178, R4
XMIT  79,R4 XMIT 177 ,F4
XMIT  72,R4 _ XMIT 173, R4
EMIT &4, R4 XMIT  1é&&, R4
XMIT  Sid, Rd 30 XMIT  158,FR4
¥MIT  48,R4 ¥MIT  147,R4
XMIT 39, H XMIT 1MJ.F4
EMIT YMIT  121,R4
XML 35 YMIT 105, R4
KM YMIT 90, Fd
XHTT XMIT 75, R4
N XMIT 57 ,R4
KHIT XMIT  41,R4
EMIT YMIT 26, R4
XMIT XMIT  12,F4
LMIT JEETT O, R4
XHMIT XMIT #,R4
XTI XMIT 18, R4
XML XMIT  27,R4
KMTT XMIT
KHTT XMIT
KMIT 30 XMIT
KT ,a4 T
KHTT o Pl XMITT 2, Fo
XL o il XMIT 93, R4
XMIT 139, R4 55 XMIT 105, R4
;nxs 140, Ra XMIT 117,FR4
139, b XMIT  128,FR4
¥MIT  140,R4
60 XMIT  151,R4
XFLT 575,
¥MIT
KMTT

15

45

65
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¥Rl T 218, R4
XMIT  228,R4
XHIT t b
WHIT 2EB, R4
¥MIT  24%,R4
¥HMIT  247,R4
EMIT 0,

XMIT .
¥HIT
JEH
EMD TOMCIR
1 claim:
1. A system for producing simulated radar signatures
comprising:

(a) a memory means containing at least digital ampli-
tude information for each radar pulse, pulse width
information for each pulse, pulse-to-pulse interval
informatin for each pulse, scan time information,
and scan gap information,

(b) a means for converting the digital amplitude infor-
mation to electronic analog information,

(c) a time measuring means for converting the puise
width information into a time indicating signal,

(d) a time measuring means for converting the pulse-
to-pulse interval information into a time indicating
signal,

(e) a time measuring means for converting the scan
time information into a time indicating signal,

(f) a time measuring means for converting the scan
gap information into a time indicating signal,

(g) a controller operable to retrieve in suitable order
all of said information from the memory means and
to apply said information to their respective time
measuring means, and further operable to apply
amplitude information to the digital to analog con-
version means whenever a pulse width time mea-
suring signal coincides with a scan time measuring
signal and to withhold amplitude information from
the digital to analog conversion means during
pulse-to-pulse interval time measuring signals and
during scan gap time measuring signals, the con-
troller having a basic machine cycle time, and

(h) a delay circuit responsive to signals from the con-
troller and operative 1o generate a time measuring
signal less than a machine cycle in duration and
further operative to remove amplitude information
from the analog to digital conversion means at the
end of said signal. -

2. The system of claim 1 wherein the controller is
programmable to execute one or more no operations
consecutively and wherein the pulse width time mea-
suring means comprises the controller executing a suit-

- able number of programmed no operation functions.

3. The system of claim 1 wherein the controller is
programmable to execuie one Or mOre no operations
consecutively and execute a counting function of vari-
able duration and wherein the pulse width time measur-
ing means comprises the controller executing a combi-
nation of a programmed counting function and a suit-
able number of programmed no operation functions.

4. The system of claim 1 wherein the controlier is
programmable to execute one Of MOre 1O operations
consecutively and execute a counting function of vari-
able duration and wherein the puise-to-pulse interval
time measuring means comprises the controller execut-
ing a combination of a programmed counting function
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and a suitable number of programmed no operation
functions.

5. The system of claim 1 wherein the controller is
programmable to execute one or more no operations
consecutively and execute a counting function of vari-
able duration and wherein the scan time measuring
means comprises the controller executing a combina-
tion of a programmed counting function and a suitable

number of programmed no operation functions. i
6. The system of claim 1 whereir the controller is

programmable to execute one or more no operations
consecutively and execute a counting function of vari-
able duration and wherein the scan gap time measuring
means comprises the controller executing a combina-
tion of a programmed counting function and a suitable
number of programmed no operation functions.

7. The system of claim 1 wherein the memory means
comprises a random access memory containing instruc-
tions and instruction data and accessible to the control-
ler via an instruction address bus and an instruction data
bus, and a scratch pad random access memory accessi-
ble to the controller via an input/ouput bus, and
wherein the controller is an integrated circuit mi-
crocontroller, and wherein the microcontroller directly
controls the digital to analog conversion means by
means of data and control signals sent to the digital to

. analog conversion means via an integrated data register
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in electrical communication with the input/ouput bus.

8. The system of claim 1 wherein the memory means
comprises a random access mMemory containing instruc-
tions and instruction data and accessible to the control-
fer via an instruction address bus and an instruction data
bus, and a scratch pad random access memory accessi-
ble to the controller via an input/output bus, and
wherein the coniroller is an integrated circuit mi-
crocontroller, and wherein the microcontroller directly
controls the digital to amalog conversion means by
means of data and control signals sent to the digital to
analog conversion means via a first integrated data
register in electricdl communication with the input/out-
put bus, and wherein the delay circuit is a monostable
muitivibrator controlled by the microcontroiler via a
second data register in electrical communication with
the input/output bus, the multivibrator being triggered
to its unstable state by a bit of said second register and
the output of the multivibrator being gated to the digital
to analog conversion means by another bit of said sec-
ond register.

9. In a system comprising a controller, a digital to
analog conversion means, a pulse width timer, a signa-
ture duration timer, an index means, a counting means,
a pulse-to-pulse interval timer, and a memory means

-containing a set of pulse amplitude values having a
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starting and an ending location, the number of ampli-
tude values, pulse duration information for the set of
pulses, signature duration information and pulse-to-
pulse interval information for each pair of pulses, a
method of simulating a radar signature comprising the
steps:

(2) using an index means initially set to point to a
starting location in the set of amplitude values, the
controller retrieves from memory an amplitude
value for the next pulse, applies said value to the
digital to analog conversion means and begins a
pulse,

(b) the pulse width timer having information regard-
ing the duration of the current puise measures and
indicates when a time equal to said duration has
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elapsed,

(c) the controller then withholds the amplitude value
from the digital to analog conversion means,

(d) the signature duration timer, having information

‘regarding the duration of the current signature,
measures time and indicates when a time equal to
said duration has elapsed,

(e) if a time equal to the signature duration has
elapsed, the controller then exits this method,

(f) bearing and frequency information for the next
pulse is retrieved from memory by the controller
and made available to the operator,

(g) the index means is updated by the controller and
made to point to the next amplitude value in the set,

(h) using the index means, the controller retieves
from memory and saves the next amplitude value,

(i) the counter, initially set by the controller with the
number of values in the amplitude table is decre-
mented,

(i) the controller then tests the amplitude counter to
see if the count is exhausted,

(k) if the count is exhausted, then the controller goes
through an algorithm to set the index to a new
amplitude value set starting location, resets the
counter to a new number of ampliude values, and
returns to step (a),

() if the content is not exhausted, then the pulse-to-
pulse interval timer, having information regarding
a difference between timed consumed during steps

. (d) through (j) and the duration of the current
puise-to-pulse interval, measures time and indicates
when a time equal to the difference has elapsed,
and

(m) the controller returns to step (a).

10. The method of claim 9 wherein the algorithm of

step (k) comprises the steps:

(a) the counting means is reset to the number of am-
plitude values in the set, and

(b) the index means is reset to the starting location of
the amplitude value set.

11. The method of claim 9 wherein the algorithm of

2

(=]

25

3

(=]

35

40

45

50

55

60

65

24

step (k) comprises the steps:

(a) the counting means is reset to the number of am-
plitude values in the set,

(b) the index means remains unchanged, and

(c) a flag means is altered so as to direct the controller
to reverse the way the index means is updated in

step (g). ]
12. The method of claim 9 wherein step (b) comprises

o the steps:

(a) the controller retrieves pulse duration information
for the current pulse from memory,

(b) the controller gives said information to the pulse
width timer, and

(c) the pulse width timer measures time and indicates
when a time equal to the current pulse duration has
elapsed. ! .

13. The method of claim 1 wherein step (1) comprises

the steps:

(a) the controller retrieves information reqarding the
difference between the time consumed during steps
(d) through () and the duration of the current
pulse-to-pulse interval, from memory,

(b) the controller gives said information to the pulse-
to-pulse interval timer, and

(c) the pulse-to-pulse interval timer measures time
and indicates when a time equal to the difference
has elapsed.

14. The method of claim 1 wherein step (f) comprises

the steps:

(a) bearing and/or frequency information is retrieved
by the controller from memory,

(b) bearing and/or frequency information is retrieved
by the controller from an operator,

(c) a comparison is made by the controller of the
bearing and/or frequency information from mem-
ory with the bearing and/or frequency information
from the operator,

(d) if there is no difference, then the controller con-
tinues on to step (g), and

(e) if there is a difference, the controller takes alterna-

tive action.
* * * * *
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