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MICROPROCESSOR CONTROLLED RF 
MODULATOR APPARATUS 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein may be manufactured 
and used by or for the Government for governmental 
purposes without the payment of any royalty thereon. 

BACKGROUND OF THE INVENTION 

The present invention relates broadly to an RF mod 
ulator apparatus, and in particular to a microprocessor 
controlled RF modulator apparatus. 
The state of the art of radar target signal simulators is 

well represented and alleviated to some degree by the 
prior arts apparatus and approaches which are con 
tained in the following U.S. Patents: 
US. Pat. No. 3,571,479 issued to Horattas et al on Mar. 

16, I971; 
U.S. Pat. No. 3,783,172 issued to Bernstein on Jan. 1, 

1974; 
US. Pat. No. 3,792,475 issued to Smetana on Mar. 9, 

1972; 
US. Pat. No. 4,168,502 issued to Susie on Mar. 15, 1978; 
US. Pat. No. 4,224,583 issued to Larken on Nov. 29, 

1978; and . 

U.S. Pat. No. 4,327,417 issued to Zaczek on June 6, 
1980. 
The early prior art approach to radar target genera 

5 

25 

tion or simulation is shown in the prior art patents of 30 
Horattas et al and Bernstein. The Horattas et al patent is 
directed toward a digital electronic target generator 
wherein digitized radar targets are stored in a memory 
matrix where range is “bit” oriented and aximuth is 
“wor ” oriented. Each word in the matrix represents an 
azimuth line segment of a target on a radar display and 
the bit position within a matrix word represents the 
target range, each bit being the smallest range unit de 
?ned by the resolution of the display. A computer iden 
ti?es the location of all targets in the display matrix and 
transfers the data to parallel-to-serial shift registers 
which output serial pulse trains representative of the 
target words. An output signal having analog charac 
teristics is produced by summing the shift register out 
put results and may be used in a simulator visual display. 
The Berstein patent comprises a radar simulator ap 

paratus which utilizes a general-purpose digital com 
puter and a special interface which generates suitable 
video signals in response to.the computer outputs to 
drive a radar set. In a radar simulator in which several 
different types of radar targets are simulated, the appa 
ratus of this invention is used to generate the video 
signals which will display a plurality of mobile targets 
on the radar set. A limited number of such targets are 
displayed, and the characteristics of these targets are 
entered into the computer. Information representing the 
initial locations of the selected targets and their direc 
tions and speeds of movement is inserted into the com 
puter from a remote station, and the computer performs 
the necessary navigational computations to continually 
determine the location of the radar set in the gaming 
area, the bearing of each of the targets from the radar 
set, and the bearing of the radar antenna at any time. 
The ranges of all of the targets on a particular bearing 
are entered by the computer into a register in the order 
of increasing range from the radar set. When the simu 
lated radar antenna bearing agrees with the target bear 
ing, the stored target ranges are read from the register 
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2 
and are converted into video signals to drive the radar 
set. 

The Smetana, Zaczek and Susie patents respectively 
illustrate the present day approach of prior art target 
signal _ simulators which have been either extremely 
complicated in that they were controlled by a digital 
computer or limited to producing signals useful in test 
ing short range or low PRF radar systems. The com 
puter based systems were complicated due to the exten 
sive programming which is required to generate the 
delays that correspond to the range of the simulated 
target and to calculate the pulse repetition frequency of 
the simulated target signal. The limited range of the 
simulators which did not use digital computers, resulted 
primarily from the fact that they provided no conve 
nient means for generating a simulated target signal in 
which the time interval between adjacent pulses of the 
signal was less than the transit time to and from the 
simulated target. 
The Larkin patent presents another novel approach 

to the ?eld of radar target signal simulation through the 
use of a linear attenuator which uses a dc control cur 
rent to change the RF resistance of PIN diodes that are 
in series and parallel with the load. As the control cur 
rent changes, the RF resistance of the series diode will 
vary inversely, while the RF resistance of the parallel 
diode will vary directly thereby providing attenuation 
which changes linearly as a function of the control 
current through the series diode. The present invention 
is directed to a microprocessor-controlled RF modula 
tor apparatus which provides RF target return signals 
to a ?re control radar with realistic radar characteris 
tics. 

SUMMARY OF THE INVENTION 

The present invention utilizes a microprocessor 
which is controllable in both attenuation range and 
frequency to amplitude modulate a test bench generated 
radar target return signal. The radar characteristic of 
the target are varied with respect to aspect angle, radar 
cross section and other physical parameter to provide a 
non-stable, time/ amplitude varying signal which is rep 
resentative of a true radar target. 

It is one object of the present invention, therefore, to 
provide an improved microprocessor-controlled RF 
modulator apparatus. 

It is another object of the invention to provide an 
improved microprocessor-controlled RF modulator 
apparatus that will generate repeatable, controlled scin 
tillation to low-power waveforms. 

It is another object of the invention to provide an 
improved microprocessor-controlled RF modulator 
apparatus with a realistic target simulation since the 
received target signal is amplitude modulated by the 
microprocessor unit. 

It is another object of the invention to provide an 
improved microprocessor-controlled RF modulator 
apparatus which is controllable in both attenuation 
range and frequency. 

It is another object of the invention to provide an 
improved microprocessor-controlled RF modulator 
apparatus wherein the degree of modulation can be 
controlled within minimum and maximum levels. 

It is another object of the invention to provide an 
improved microprocessor-controlled RF modulator 
apparatus that generates a non-stable varying target 
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return signal which is representative of a true air-to-air 
target. 
These and other advantages, objects and features of 

the invention will become more apparent after consider~ 
ing the following description taken in conjunction with 
the illustrative embodiment in the accompanying draw 
mgs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating the use of the 
microprocessor-controlled RF modulator apparatus in 
a standard test set-up, 
FIG. 2 is a block diagram of the microprocessor-con 

trolled RF modulator apparatus according to the pres 
ent invention, 
FIG. 3 is a graphical representation of a variety of 

sample modulation waveforms, 
FIG. 4 is a schematic diagram of the Z80 central 

processor unit, 
FIG. 5 is a schematic diagram of the 20K EPROM, 

memory unit, 
FIG. 6 is a schematic diagram of the output latch unit 

and the digital to analog converter (DAC) unit, and, 
FIG. 7 is a schematic diagram of the PIN diode atten 

uator unit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Turning now to FIG. 1 there is shown a block dia 
gram of a standard test set-up utilizing the microproces 
sor-controlled RF modulator apparatus 10 for testing a 
?re control radar unit 12. The system test bench unit 14 
typically comprises an RF target generator unit 140, a 
target controller unit 14b and an avionics simulator 
panel unit 140. The test bench generated target signal is 
applied to the microprocessor-controlled RF modulator 
apparatus 10 wherein it is amplitude modulated and is 
controlled in both frequency and attenuation range. The 
modulated RF target return signal from the micro 
processor-controlled RF modulator apparatus 10 is 
applied to the target horn 16. The target horn 16 is 
arranged to transmit the modulated RF target return 
signal to the ?re control radar unit 12 which is under 
test. 
The microprocessor-controlled RF modulator appa 

ratus will provide repeatable, controlled scintillation to 
low-power RF waveforms for the purpose of testing the 
F-l6 or any other ?re control radar. The microproces 
sor-controlled_ RF modulator apparatus 10 is shown in 
FIG. 1 as installed in line between an RF target genera 
tor unit 14a and a target horn unit 16 to provide many 
added capabilities for testing the hardware and software 
of a ?re control radar unit. This apparatus provides the 
user with a most realistic target simulation since the 
received target signal is amplitude modulated by the 
Z-80 microprocessor (which is shown in FIG. 2) and is 
controllable in both attenuation range and frequency. 
The scintillation (modulation) that can be provided can 
be square wave, swept square wave, triangle wave, sine 
wave or repeatable random noise at a number of fre 
quencies and, in the case of the square wave functions, 
at a number of duty factors. The type of modulation, the 
frequency of the modulation and the duty factor are 
selected by setting the mini-lever switches which are 
respectively labelled Mode, Port 1 and Port 2 on the 
front panel of the microprocessor-controlled RF modu 
lator apparatus. An operator may also control the de 
gree of modulation by selecting the desired attenuation 
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level with the Attenuation knob on the front panel. The 
minimum and maximum attenuation levels comprise a 
range of 0 to 60 db in steps of 0, 3, 10, 20, or 60 db. 
A most effective use of the microprocessor-con 

trolled RF modulator apparatus here at the Westing 
house Defense Center is to provide this controlled scin 
tillation to a target signal that is generated by the F-16 
system test bench. Now, instead of having the AN 
/APG-66 Fire Control Radar search, acquire and track 
a non-varying, non-oscillating, arti?cial target, the F-l6 
radar unit which is under test, must now respond to a 
simulated target signal whose generated aspect angle, 
radar cross section and physical characteristics are 
changing in a most realistic way. The amplitude modu 
lation or scintillation, that is applied to the F-l6 system 
test bench-generated RF target signal, provides a non 
stable, varying RF target signal return which is a better 
representation of a true air-to-air target. 
The versatility of the microprocessor-controlled 

modulator apparatus is especially evident in jamming 
scenarios since the radar no longer has a steady and 
solid target to detect and track, but instead, has to de 
tect a target signal that is oscillating or modulating in 
the presence of a threat environment. This type of test 
ing is valuable since, with the use of the microproces 
sor-controlled RF modulator apparatus, realistic target 
returns can be processed in the radar in both ECM and 
non-ECM environments. 
Turning now to FIG. 2 there is shown a block dia 

gram of the microprocessor-controlled RF modulator 
apparatus. Input ports unit 20 is operatively connected 
to the data select means which is not shown in FIG. 2 
but is shown in FIG. 1 as the minilever switches that are 
labelled, Mode, Port 1 and Port 2. The input ports unit 
20¢ which is connected to the Z80 microprocessor unit 
22 communicates the switch settings that control the 
output waveform parameters to the Z-80 central pro~ 
cessor unit (CPU) 22. The Z-80 CPU unit 22 receives a 
4 MHZ clock signal from clock unit 26. An EPROM 
memory unit 24 which is a 20K memory unit is opera 
tively connected to the Z-80 CPU unit 22. The EPROM 
memory unit 24 stores the waveform data and parame 
ters which are utilized by the Z-8O CPU unit 22 to 
generate the simulated radar target test signal. The 
digital data which represents the radar target test signal 
is applied through output latch unit 28 to the digital to 
analog (DAC) unit 30 for conversion to an analog sig 
nal. The analog signal from the DAC unit 30 is applied 
to the amplitude control unit 32 which in response 
thereto generates a control voltage signal. The pin 
diode attenuator unit 34 utilizes the control voltage 
signal to modulate and structure the RF in signal into 
the selected waveform shape which becomes the RF 
out signal. 
The microprocessor-controlled RF modulator appa 

ratus utilizes the Z-80 CPU and its associated hardware 
and software to control the RF input signal that is re 
ceived by the PIN diode unit. The PIN diode unit com 
prises a General Microwave D1958 PIN diode attenua 
tor unit that provides a linear correspondence between 
a control voltage (0—6 VDC) and attenuation (0-60 dB). 
This control voltage which is converted to an analog 
signal by the digital analog converter unit and the am 
plitude control unit is the product of the microproces 
sor outputs and/or stored PROM memory data. Typi 
cal control voltage waveforms which may be generated 
by the microprocessor-controlled modulator apparatus 
are shown in FIG. 3 and are labelled (a) through (h). In 
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Table I below there is shown the switch positions which 
provide the logic code to the Z80 CPU to generate the 
digital signal that represents a particular output wave 
form. 

TABLE I 5 

The switch logic positions for the microprocessor 
controlled RF modulator apparatus is shown as follows: 

Mode Port 1 Port 2 Result 

X Not used 
X 0 dB Attenuation 
0 RANDOM DATA - 125 Hz Switching 

Freq. 
RANDOM DATA - 80 Hz 
RANDOM DATA - 45 Hz 
RANDOM DATA - 20 Hz 
RANDOM DATA - 15 Hz 
RANDOM DATA - 2 Hz 
RANDOM DATA - 1 Hz 
RANDOM DATA - .5 Hz 

6 Hz SQUARE 
35 Hz SQUARE 
80 Hz SQUARE 
150 Hz SQUARE 
180 Hz SQUARE 
250 Hz SQUARE 
350 Hz SQUARE 
650 Hz SQUARE 
97.5% Duty SQUARE 25 
88.0% Duty SQUARE 
73.0% Duty SQUARE 
50.0% Duty SQUARE 
27.0% Duty SQUARE 
[2.0% Duty SQUARE 
2.5% Duty SQUARE 3 
28.6-80 Hz SWEPT SQUARE 
in 2 seconds 
.5 Hz SINE 
2 Hz SINE 
12 Hz SINE 
24 Hz SINE 
28 Hz SINE 35 
55 Hz SINE 
110 Hz SINE 
220 Hz SINE 
2 Hz TRIANGLE 
10 Hz TRIANGLE 
20 Hz TRIANGLE 
40 Hz TRIANGLE 
50 Hz TRIANGLE 
83 Hz TRIANGLE 
125 Hz TRIANGLE 
167 Hz TRIANGLE 
Not used 4 

20 

7 

(Note: X indicates that the switch position doesn’t matter.) 

The microprocessor is an eight-bit, 40-pin device, 
which is operated by a 4 MHz clock and uses 20K of 
programmed data that is stored on ten (10) 2K EPROM 50 
memory chips. The remainder of the circuitry of the 
microprocessor-controlled RF modulator apparatus 
controls the buffering of the address and data lines, the 
I/O circuitry, and provides the gain and impedence 
matching which is required to drive the PIN diode 
attenuator. 

In FIGS. 4 through 7, there is shown a complete 
schematic diagram of the microprocessor-controlled 
RF modulator apparatus wherein similarly designated 
points are commonly connected. The parts list for the 60 
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schematic diagram of FIGS. 4 through 7 is given in 
Table 2 as follows: 

TABLE 2 
Z-80 Microprocessor (Zilog) 
7406 MED 
74145 MED 
74244 MED 
74243 MED 
4 MHz oscillator 
2716 EPROMs Intel Corp., 
74100 MED 
DAC 
PIN Diode Attenuator (Gen. Microwave D1958) 
Minilever Switches 
7400 MED 
3P2T switch 
2PIT momentary switch 
741 Op—amp MED 
5? wafer switch 
O-ZOK trim pots 
10K, I W resistor 
400 ohm, I W resistor 
22 ohm, I W resistor 
82 ohm, I W resistor 
220 ohm, § W resistor 
330 ohm, I W resistor 

In FIG. 4 there is shown a schematic diagram of the 
Z-80 microprocessor (CPU) and its associated circuitry. 
The elements of FIG. 4 can be related to the block 
diagram of FIG. 2 as follows. The Z-80 CPU of FIG. 2 
comprises Z-80 microprocessor unit, the data line buffer 
units (74243); the address line buffer units (74244); the 
demultiplexer unit (74145) and its associated resistor 
array. In FIG. 5 there is shown the 20K EPROM mem 
ory unit which comprises ten 2K EPROM units (2716). 
In FIG. 6 there is shown the input ports unit of FIG. 2 
which comprises the three minilever switches (Mode 
Sel, Port 1 and Port 2), the address line buffer units 
(74244) and the NAND gates (7400) which are associ 
ated with the buffer units. In FIG. 6 there is also shown 
the output latch unit of FIG. 2 which comprises the 
output latch unit (74100), the digital to analog converter 
unit (DAC) and the PIN diode attenuator. In FIG. 7 
there is shown the amplitude control unit of FIG. 2 
which comprises a pair of operational ampli?er units 
(741) and its associated circuitry that includes a ?ve 
position wafer switch as shown. 
A desirable feature of the present apparatus is its 

programmability. The entire operation of the micro 
processor-controlled RF modulator apparatus can be 
modi?ed by changing the program of the EPROMs. 
The hardware does not need to be modi?ed at all. The 
microprocessor-controlled RF modulator apparatus is 
rack-mountable and uses +5 V, +15 V and ~15 V DC 
power. 
The program memory is mapped as follows: 

0000H-07FFI-I (2K) Program Executive 
0800H-08FFH (1K) Sine Wave Simulation 
OCOOH-OFFFH (1K) Unused 
lOOOH-4FFFH (16K) Random Noise Simulation 

TABLE 3 

Z80 ASSEMBLER I.L.S.O. 
.‘ 

; MICROPROCESSOR CONTROLLED RF A'I'I'ENUATOR 
NOP 
NOP 
NOP 
NOP 
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TABLE 3-continued 

START 

RNDM 

ODB 

SINE 

GO 

SKIP 

NEXT 
LOOP 

OUT 

CHUZ 

SWP 
SWLZ 

SWL 

NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
IN 
DEC 
JP 
DEC 
JP 
DEC 
JP 
DEC 
JP 
DEC 
JP 
DEC 
JP 
IN 
LD 
LD 
LD 
JP 
LD 
OUT 
JP 
IN 
LD 
LD 
LD 
LD 
LD 
ADD 
LD 
SUB 
JP 
LD 
LD 
JP 
LD 
DEC 
JP 
JP 
LD 
OUT 
ADD 
SHC 
JP 
IN 
SUB 
JP 
IN 
SUB 
JP 
JP 
LD 
LD 
OUT 
LD 
LD 
ADD 

7 ADD 

JP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 

AM) 
A 
Z,0DB 
A 

Z,SAMPLE 
A 

A 

MIX) 
A 















H481 
21 22 

TABLE 3-continued 
SL2 0145 - 199 

SL3 0157 ~21 l 
SL4 0156 -210 
SL5 0140 - 196 

sow 011c - 17s 
STACK s 0000 0 
START 000A - 13 

SWL 0091 -69 
swLl 00GB — 120 
swLz 0086 -64 
SWP 0083 —63 
TBLl 0151= —216 
TBL2 M67 -224 
TBL3 016F -232 
TBL4 0177 -240 
TU OlOF - 170 

TL2 010A - 167 
TL3 0104 - 163 
TL4 OOFD - 159 
TLS 0117 - 175 
TL6 0111 - 171 

TRW OOEE - 152 

Other important areas in which the microprocessor 
controlled RF modulator apparatus may be used are in 
developing NCTR algorithms and sideband/sidelobe 
track processing. Any periodic waveform that can be 25 
represented by a series of points (typically 1K or 2K of 
discrete quanta levels) can be accessed, read and used to 
modulate a testbench-generated target return. Engine 
sideband data, NCTR (Non-conforming target recogni 
tion) data and any irregular X-band returns of any type 
can be simulated easily, using existing hardware, with 
all modi?cations reserved to the executive algorithm 
and/or- tables of programmed software. 
Although the invention has been described with ref 

erence to a particular embodiment, it will be understood 
to those skilled in the art that the invention is capable of 
a variety of alternative embodiments within the spirit 
and scope of the appended claims. 
What is claimed is: 
1. A microprocessor-controlled RF modulator appa 

ratus for testing a ?re control radar comprising in com 
bination: 
means for processing digital data which is operated by 

a four MHz clock means, said processing means 
utilizing said digital data to generate a digital target 
return signal, 

memory means for storing a predetermined amount 
of digital data, said memory means being eraseable 
and programmable, said memory means being op 
eratively connected to said processing means, 

input port means for selecting a test target return 
signal, said input port means operatively connected 
to said processing means, 

means for converting said digital target return signal 
to a analog target return modulating signal, said 
converting means being operatively connected to 
said processing means, and, 

means for attenuating operatively connected to said 
converting means to receive said analog target 
return modulating signal therefrom, said attenuat 
ing means receiving an RF signal, said attenuating 
means in response to said analog target return mod 
ulating signal modulates said RF signal to provide 
a modulated test target return signal. 

2. A microprocessor-controlled RF modulator appa 
ratus as described in claim 1 wherein memory means 
comprises a 20K EPROM memory unit. 

3. A microprocessor-controlled RF modulator appa 
ratus as described in claim 1 wherein said converting 
means comprises an output latch means operatively 
connected to said processing means, said output latch 
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means buffering data into and out of said processing 
means, 

a digital to analog converter means operatively con 
nected to said output latch means to receive data 
therefrom, said digital to analog converter means 
converting said data to an analog signal, and, 

an amplitude control means operatively connected to 
said digital to analog converter means to receive 
said analog signal therefrom, said amplitude con 
trol means generating control voltage which is 
applied to said attenuating means to control the 
output signal therefrom. 

4. A microprocessor-controlled RF modulator appa 
ratus as described in claim 1 wherein said attenuating 
means comprises a PIN diode attenuator. 

5. A microprocessor-controlled RF modulator appa— 
ratus as described in claim 1 further including an RF 
target generator to provide an RF signal to said micro 
processor-controlled RF modulator apparatus, said test 
target return signal from said attenuating means being 
applied to an RF target horn, said RF target horn radi 
ating said test target return signal to a ?re control radar 
which is under test. 

6. A microprocessor-controlled RF modulator appa~ 
ratus as described in claim 2 wherein said 20K EPROM 
memory unit comprises ten 2K EPROMS with their 
respective input lines connected in parallel and their 
respective output lines connected in parallel, both of 
which lines are respectively connected to said process 
ing means. 

7. A microprocessor-controlled RF modulator appa 
ratus as described in claim 6 wherein said converting 
means comprises an output latch means operatively 
connected to said processing means, said ouput latch 
means buffering data into and out of said processing 
means, 

a digital to analog converter means operatively con 
nected to said output latch means to receive data 
therefrom, said digital to analog converter means 
converting said data to an analog signal, 

an amplitude control means operatively connected to 
said digital to analog converter means to receive 
said analog signal therefrom, said amplitude con 
trol means generating control voltage which is 
applied to said attenuating means to control the 
output signal therefrom, and, 

said attenuating means comprises a PIN diode attenu 
ator. 
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