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HARDWARE DESCRIPTION ADBP-21020 40-BIT
FLOATING POINT DSP AS DEBIGNED IN A REMOTELY
CONTROLLED DIGITAL CW DOPPLER RADAR

By: Robert E. Morrison; staff Member
Los Alamos National Laboratory

Scott H. Robinson; 8taff Merber
Los Alamos National Laboratory

Abstract

A continuous wave Doppler radar system has been designed
which is portable, easily deployed, and remotely controlled. The
heart of this system is a DSP/control board using Analog Devices
ADSP-21020 40-bit floating point digital signal processor (DSP)
nmicroprocessor. Two 18-bit audio A/D convertors provide digital
input to the DSP/controller board for near real time target
detection. Program memory for the DSP is dual ported with an
Intel 87C51 microcontroller allowing DSP code to be up-lnaded or
down-loaded from a central controlling computer. The 87C51
provides overall system control ror the remcte radar and includes
a time-~of-day/day-of-year real time clock, system identification
(ID) switches, and input/output (I/0) expansion by an Intel 82C55
I/0 expander.

X. Introduction analysis. The radar performed
In 1985, staff members of very well durim% field testing

l.os Alamos National Laboratory in 1987 and 1988<.

began a program to build a Cw Following the successful

Doppler radar that could be operation of the all analog

used as a tool for collecting radar, a new effort was started

metrological data such as in 1987 to further dovelop the
tornadoes, funnel clouds, and system. A major new objective
wall clouds. The radar was for this ctfort was to develop
designed to be used in  the a system  which could be
field at or near ground level deployed into the field and
and to have an operating range operate Oattended for long
of up to 10 km. periods  of time. Remot e

The result of the effort monitoriag and data retrieval
was the development of a low would 'nen take place over a
power, portable, cont i nuous; standard RS212 data 1ink from o
wave (CW), 1-em (10GHZz) Doppleoer contral locat ion. To satisty
radar . The system was fully thisz cobjective the radar was
analog and data was recorded on redesigned with digital signal
W high quality audio  tape processing and analysis

tecorder o This data would then capabilities  on board. The
e 1etuwrned to the laboratory sys:tem used 14 bit Analog-to-
where it would be digitized for Digital converters (ADCs)  and



an Analog Devices ADSP-2100 16~
bit, fixed point DSP. Initial
testing of the radar was very
encouraginj. Unfortunately the
program was stopped at the
prototype stage for non-
technical considerations. The
ADSP-2100 has since found its
way into numerous applications
ranging from filters to image
processing to sonar detection’.
This paper will describe the
hardware portion of the.
DSP/controller board. A
discription of the RF and DSP
software of the system is given
by Robinson and Morrison.4

In 1991, the program was
restarted and the system was
redesigned to incorporate
recert advances in DSP, ADC,
and microwave hardware.
Current objectives of the

program include increasing the
radar’s detection and reporting
capabilities, improvement of
its packaging to better support
field dcployment, and remote
operation; and to provide ftor
future system growth.

IT. Bystem Description

The system consist of a
host personal computer (PC) and
" remote radar unit. The
1emote radar system consists of
an R} unit, thce DSP/controller
board, and a power supply. The
RF unit contains power
cenverters, microwave source
and amplifier, quadrature
mixer, transmit and receive
ant ennass;, and signal
amplifiers. The heart of the
system is a  dual processor
DsP/eontrol ler board located in
the r1emote radar unit. The
processors used are the Intel
#7¢%1 microcontroller and the
Analog Devices ADSP=-21020 DSpY.

Figure 1 i a 1 lock
diagram of the DhSP/controller
board, The ADSP-21020 i bhanied
on a Harvard architecture; tnus

separate addrass and data
busses are provided for both
program and data memory. Data
bus width is 40-bits for data
memory and 48-bits for program
memory. The address ous is 32-
bits for data memory and 24-
bits for program memory. Two
bank select lines are available
for program memory and four
bank select lines are available
for data memory. These select
lines are uselr programmable.

An analog to digital (A/D)
converter and a digital to
analog (D/A) converter are
attached to the data memory
side of the ADSP-21020. Two
input channels (Figure 2) from
the RF unit are connected to
the A/D converter. Digitized
output from the A/D (Figure 3)
is connected to two
electrically programable logic

devices (EPLD) and then
connected <to the ADSP-21020
data bus. An expansion

connector is provided for a D/A
converter that can be piggy-
backed onto the DSP/controller
board. This connector provides
data and control lines and is
used primarily for diagnostics
during the development stage.

However, any device can be
attached to the expansion
conrector. The A/D, shown in

figure 3, and the D/A are
mapped into scparate memory
banks by using the dota memory
nelect lines.

There are two analog input
channels on the D&P/ocontroller
bowrd from the RF nection; the
I and Q «c¢hannel outputs from
the quadrature mixer. oOnly one
stage of amplificatjon in
provided on the DSP/controller
board as signal amplifiers and
line drivers are placed in the
RI' snection. The two  analog
signals are connected to o a
Crystal CHYI2R sterco A/D
conver toer . The L9128 05 an



18-bit dual channel Delta-Sigma
convercer with built-in digital
anti-alias filtering, sample
and hold, and voltage
reference. A summary of the
specification for the C€S5328 is
shown in Table I.

TABLE I
SPECIFICATIONS FOR THE (CS5328
A/D CONVERTER
Dynamic range. . . . . 97 dB
Signal-to-noise
(+ distortion) . . . 94.5 dB
Total harmonic
distortion . . . . 0.00015%
Internal oversampling . 64X
Passband ripple . . . 0.001 dB
Stopband rejection . . . 86 dB
Interchannel phase
deviation. . . 0.001 degrees
Interchannel isolation
(DC to 20 kHz). . .
Power dissipation
active . . . . . . . 450 aW
standby . . . . . 20 mW

106 dB

After dividing internally,
a 6.54 MHz clock provides for a
0.4 KHz sampling rate on each
of the A/D input channels.
Data is output from the A/D on
a serial line. Two Altera
EPLDs, EI’610C-35XD, perform
serial to parallel conversion
and the appropriate clocking
and latching interface from the
A/D to the ADSP-21020 DSP data
memory bus. An cnd-of -
conversion interrupt signal is
generated by the EPLDs and tie)d

to the ADSGP-21020 TRQ1 ana
1RQ2  interrupt input lines,
Thus t he ADSP-21020 in
acquiring one channel ot 18-bit
A/D data approximately every 19
milliseconds,

Data  memory  consists of
12K x 40 bt static  RAM
consisting of  five Integratod

Device Technology 296K x B bil
devices (TDT7125%61L-2%), amd s

shown in Fiqure 4. The ADSP-
21020 has four data memory
select lines. One line is used
to select the data memory
static RAM, another 1line is
used to select the A/D
converter, and a third 1line is
used to select the expansion
connector. The data select
lines allowed for a simplified
memory design in that the
functional areas (RAM, A/D, and
D/A) could be placed in
separate memory banks.
Although the ADSP-21020 has 32
data memory address lines, 32K
of data memory was deemed more

than adequate for this
application.
Program memory for the

ADSP-21020 is 48-bits wide, as
shown in Fiqgure 5, and is
configured as 32K x 48-bit.
This memory consists of 6
IDT71256L-25 static RAMs.
Program memory is dual-ported
with the 8-bit 87C51
microcontroller. Address,
data, and control 1lines from
the ADSP-2102C and the 87C51

are tied to discrete 1logic
gates, buffers, latches, and
another Altcra EPLD (EP610C-

35XD) which provide for access

control to the ADSP-21020
pProgram memory as shown in
figure 6.

As the 87C51 can only
address 64K of 8-~bit external

data memory, two lines of port

2 on the 87C%1 are uscd as
extoernal data memory bank
snelect lines. This allows the
a7CH1 to addrens the full 12K x

A4n-bit.  of ADSP-21020 program
memory by having three separate
64K x 8 external data memory
banks.  Figure 7 in a schematic
of the 87¢451 logic and provides:
details ot the memory map  of
the BH7CW1, The 87091 oxorcises
control of the ADLP-21020,
shown in tiqure n, by
controlling the RESET and g



REQUEST lines of the ADSP-21020
via separate lines on port 2.

Mapped into the 87C51
external memory space, external
data memory bank four are: 1ID
select switches, used to
manually conf igure multiple
remote radar stations: a Dallas
Semiconductor DS1287 time-of-
day/Day-of -year real time
clock; ard an Intel 82C55 I/O
expander. A counnector is
provided for the I/O0 expander
allowing a piggy-back board to
be attached to the
DSP/controller board. This
board is intended to be used
for an 8-bit A/D converter
which will monitor system
parameters such as battery
voltage, RF power, and
temperature, and to provide for
future system expansion.
Serial transmit and receive
lines from port 3 of the 87C51,
and three other port 3 lipes
are connected to a MAXIM MAX
235 RS232 signal translator
chip to provide communications
with the host PC using an RS232
data line.

11I. System Operation

When the system is first
powered on, the 87C51 rescts
devices by way of the RESET
line and powers down the RF
unit power converters by way of
the RFPWRDN line. Separate I/O
liness on port 2 of the B/CHi
are  used for this purpose.
Another 1/0 line on port 2 is
ased to assert the bus request,
BR, line to the ADSE-21020;
thus the ADSP-21020 i {forced
into an idle state in which
ey erser, dat a, and control
lines  wre tri-stated, The
B7CH1 then qoes into a  loop
waiting for a command from the
host comput er,

one of the host computer
commared:s is to downc-load  data
to the remote radar unit.  This

data is actually object code
created using Analog Devices
software development tools for

the IBM PC. A software utility
developed at Los Alamos
National Laboratory reformats

this object code so that it can
be sent in packets from the PC
to the remote radar.
Transmitted data is loaded into
the ADSP-21020 program mcmory.

Another command from the
host computer instructs the
remote radar to turn on; in
addition to 100% operation the
PC can instruct the remote
radar to operate on a duty
cycle basis. Once the remote
radar 1is enabled, the 87C51
releases the BR 1line to the
ADSP-21020, which in turn
disables the 87C51 access to
program memory and causes the
ADSP-21020 to start program
execution from address zero of
program memory.

The ADSP-21020 signals the
87C51 when a detection is made
by raising the FLAGO line.
This line is tied to the 87C51
interrupt pin INTO. The 87C51
asserts BR to the ADSP-21020,
wajts for the BG response, then
reads detection data from the
ADSP-21020 program memory.
This data is then transmitted
to the host computer. The host
PC acknowledqges receipt of the
data. The 87C51 then returns
control to the AD5P-21020. Ir
the host pC does not
acknowledge receipt of  the

data, the 87CYH1, after an
appropriate  time-out period,
logs  the data in a softwarce
created first-in-first-out
(FIro) butter.  This data will
be transmitted as soon as  a
link i ontablinhed.

The ability to duty cycle

operation of the remote pada
Allows for power saving: at the
1emote site, When the ADSE -
21020 and A/D m1tee in an idle
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Figure 4. ADSP21020 dcia memory.
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mode the power consumption is

reducad significantly. Table
II lists the system powver
consumption for both the

DSP/controller board and the RF
unit in the active and idle
states. With a duty cycle of
25% total system power is
approximately 5 watts; 2.6
watts for the DSP/controller
board and 2.4 watts for the RF
unit.

TABLE IIX
BYBTEM POWER CONBUMPTION

Active Idle Power
(Watts) (Watts)
18 | .75
1V. SBummary

Using the Analog Devices
ADSP-21020 DSP has provided the
basis for a low power ramotc CW
Doppler radar. Design of the
DSP/controller board was
simplified because of the
architecture of the ADSP-21020.

Data and program memory, A/D
and D/A converters, and the
wddition of “n B8-bit
microcontroller were

accomplished without the need
to use complicated or exotic

components. Dual-porting the
nse program mcmory allows
program code to be developed
and tested without having to
yoemove  parts from the remote
radar wunit. A/D  and D/RA
converters and a large prodgram
and data memory space allow for
Neies other than radar
operat ion.,
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