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MARDWARE DESCRIPTION AMP-2102O 40-BIT
FLOATIMQ POINT DSP AS DESIGNED IllA REXOTELY

CONTROLLED DIGITAL CU DOPPLER RADAR

By: Robert E. Morrison; Staff Member
Los Alamos Mational Laboratory

Scott H. Robinson; Staff Mambor
Los Alamom 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-2102O 40-”bit floating point digital signal processor (DSP)
microprocessor. 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-1’>aded or
down-loaded from a central controlling computer. The 87C51
provides overall system control Ior the remote radar and includes
a time-of-day/day-of-year real time clock, system identification
(ID) switches, and input/output
1/0 expander.

(1/0) expansion by an Intel 82C55



an Analoq Devices ADSP-21OO 16-
bit, fixed point DSP. Initial
testing of the radar was very
encouraglny. Unfortunately the
program was stoppea at the
prototype stage for non-
technical considerations. The
ADsP-21OO has since found its
way into numerous applications
ranging from filters to image
processing to sonar detection.
This papei will describe the
hardware portion of the.
DSP/control ler board. A
description of the RF and DSP
software of the system is4given
by Robinson and !40rrison.

In 1991, the program was
xestarted 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 L’eporting
capabilities, improvement of
its packaging to better support
field deployment, and remote
operation; and to provide for
future systcm growth.

separate addrass and data
busses are provided for both
program anti 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 use~ 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-2102O. 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 programmable logic
devices (EPLD) and then
connected to the ADSP-2102C)
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 dcvclopmcnt stage.
Ilowcvcr, any device can bc
attached to the expansion
conrcctor. The A/t), shown in
figure 3, and the D/A arc
mapped into Gopn?-ate memory
banks by using t.hcdata memory
Golc(”t lil~o~.

‘I’1l( ’1-{’ ill-~ tWO illlill(l(] input
t:hlInnrlfion thc lX:l~/uont:rollor
ho?r(l f“l-~}mthr I{F cio(:t.ion; the
I i\Il(l Q (.llilIlllCml [)llt put. G f rcm
th~ (Illil[l l.iltll?-(s rnixor-.only Ollf’
!;1,l(;l’of i\ml)liIi(:g~t.iI)n i:;
l}t”(~vi(lt~(loil t11{’l)!;lJ/(”olltrol11~1.
Ill)cirll01:; :;i(Jllitl illll])l I f iorr.dll(l

Iillc’ (l:ivt~ t:; ,~1.(* ])lil(!(s(i in t]](s
1{l“ ::(m(.ti,)ll. ‘1’114’two Qlllll lo[j

:;i(ln,~l:: ,11’1* (“OIlll{*(”t P(i to ;1

(“Iy!:t .11 (’!:1) 1;?11 :;t c~?.(~() A/l)
(“I)IIVC’It(tl”. ‘l’lI{*(.!;’));?11i:; ,111



18-bit dual channel Delta-Sigma
converker with built-in digital
anti-alias filtering, sample
and hold, and voltage
reference. A summary of the
specification for the CS5328 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 kl{z). . . . 106 dB
Power dissipation

active . . . . . . . 450 mW
standby . . . . . . . 20 mW

After dividing internally,
a 6.54 1411zclock provides for a
50.4 Kllz sampling rate on each
or the A/D input channels.
DatA is output from the A/l)on
a Gcrial line. Two Altcra
HJI,1)5, ~l)(jl(’)&35J(D,perform
~crial to parallel convcrf3ion
and the dppropr i~atc clocking
iind li~t~hitl~ intcrfacc from the
A/D to the AtXiP-21020 IX%Pdata
momo~Y bus . An cnCl-of”-
convrrs ion int.i’rrupt!;iqnnl is
{Jonor,lt(v.Iby the KI1lJ)G ,andtio;]
to tllo AI):;I’-21020 1N(J1 il u(i
11(Q2 intol-rlipt inlnlt linv:;m
Thu!; tllc’ A1):;l’-21020” i:;
,~[x~uir.in[jcIIlt*I-llltIIIIPlt)t 111-l)it
A/l) (!~ttoi itl)l)l-oxjmt~tt’ly t’vI*I.y l’)

mi 1I i:;f*4.on[l!:.
l)91t ,1 mi’mor”y (w)II:; i:; t :: 01

12K X 40 I;il !;t,llif. NAM
tifn~’;i:;t il]cl of f jvf. Illt I’ljl ilt (*(1
Ih’vit.f’ ‘1’t’i.l)llol[llly 2’,(,K x 11 ljit
,1,.vi(.{.:: (11)’]’”/l;!~,f,l,/’,), ,tlltl j:;

shown in Figure 4. The ADSP-
21020 has four data memory
select lines. One line is used
to select the data memory
static RAM, another line is
used to select the A/D
converter, and a third line 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-2102O has 32
data memory address lines, 32K
of data memory was deemed more
than adequate for this
application.

Program memory for the
ADSP-2102O is 48-bits wide, as
shown in Figure 5, and is
configured as 32K x 48-bit.
This memory COtISiStG Of 6
IDT71256L-25 static RAMS .
Program memory is dual-ported
with the a-bit 87C51
microcontroller. Address,
data, and control lines from
the ADSP-2102C and the 87C51
arc t~cd to discrete logic
gates, buffers, latches, and
another Altura EPLD [EP610c-
35Xll) which provide for access
control to the ADSP-2102O
proqrnm memory as shown in
I“iqurc!6.

As t.hc 87CS1 c[an only
il(ldrr:;~ (B4K of 8-b~t external
data murnory, Ywo lines of port.
2 on tho f)”lCbl(arc LMcd [ac
(’Xkt’rIlil] (iilt.~ memory bank
::rlm.:t.Iincs. Thin allow:; t’ho

n-lcb1 t(Ii\(I(lt-CXf: t:hr ful1 .IZKx
411-l)it. ()f AI)!;l’.-21020” procJrnm
mPmoI.y ~Jy hdV i hf~ t tn. (mP !;f~~hll-fltP

f)4K X [~ f*Xt Ot”lht] (I,lt ii mvmory
]hink:;. Fi(juro 1 i:; il :S{:hom,lt i (:

01 t llf~ 11.1(.1)1 I[)fli(: i~ll(l I)i ovi(lc~:;

(1(’t ,} i II: 01 t hf’ m(~mf)ry mall) of

t llf~ 11”/(.’,1 . ‘1’llf~ ll”/( ”’, I cmx~~l-(.i :;f*:;

(X)llt 1“01 t)f t llf~ AI):;1’.-2102[),
:;IIC)WII i II 1 irjllr.(~ II , 1)y
(WIIIt II)] I illtl ! Ilt’ 1/1’::; 1;’1’ ,\ll(l l\ll:;



REQUEST lines of the ADSP-2102O
via separate lines on port 2.

Mapped into the 87C51
external memory space, external
data memory bank four are: ID
s~le~t switches, used to
manually configure multiple
remote radar stations: a Dallas
Semiconductor DS1287 time-of-
day/Day-of-year real time
clock; and an Intel 82C55 1/0
expander. A co}~nector is
provided for the 1/0 expander
allowing a piggy-back board to
be attached to the
DSP/controller board. This
board is intended to bc used
for an U-bit A/D converter
which will monitor system
par~lmetcrs such as battery
voltage, RF power, and
temperature, and to provide for
future system expansion.
Srrial transmit and receive
lines from port 3 of the 87C51,
and three other port 3 lines
arc connected to a HAXIN ?fAX
235 RS232 signal translator
chip to provide communications
with the host PC using an RS232
data line.

data is actually object code
created using Analog Devices
software development tools for
the IBX 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-2102O program memory.

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 is enabled, the 87C51
releases the BR line to the
ADSP-2102O, which in turn
disables the 87c51 access to
program memory and causes the
ADSP-2102O to start program
execution from address zero of
program memory.

The ADSP-2102O signals the
87C51 when a detection is made
by raising the FLAGO line.
This line is tied to the 87c5l
interrupt pin INTO. The 87C51
asserts BR to the ADSP-2102O,
waits for the ilGrcspomc, than
reads detection data from the
ADSP-2102O program memory.
This data is then transmitted
to the host computer. The host
PC acknowlcdqcs rcccipt of the
data. The 87C51 then returns
control tu the ADSP-2102O. If
th@ host pc does not
ii~knowl cd(](’ receipt of the
!Iilt il, t.ho nvcbl, alter San
,ll)]~ropl-iittr time-out pcricxl,
10(]:;thf~ [I,lt;lin a m]ftwc]rr
t.r.(~,ltcd f i r:; t -in-f ir:it-f~ut
(l’’ IF()) ))11! fl’?-. ‘I’ll i:: (Icltil wi I I
l)c~ t r.dll:; m i t t cvl ii:; :; flflll ,1!; .1

I ink i:: tt!;t ,11)1 i::hml.

‘1’llcs ,lt)i 1 it y t () (l(It y (-y(”lc~
{l~)l~l”,lt j oil of t lit’ Et’mo! f’ 1 !Ifllll

,i I low:; f f):” l)I)wc’r :;, Iv i II(1:; ,~t t lIC*
1 I.m{]t 4S !:itc~. W~IIhI~ t IIIm Al)!;!’
)1[),’() ,tl)(l A/l) ,111* i II ,111 illl~~
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mode the power consumption is
reducad significantly. Table
II lists the system power
consumption for both the
DSP/controller board and the RF
unit in the active and idle
states. With a duty cycle of
25% tota 1 system power is
approximately 5 watts; 2.6
Yatts for the DSP/controller
board and 2.4 watts for the RF
unit.

TABLE II
SYSTEH POWER CON8URfPTION

Active
I

Idle Power
[Watts) (Watts)

- - --- - - - ---- . - - -- -- - - - - - - -

18 I =-~~

~v. Summ a=
Using the Analog Devices

ADSP-2102O DSP has provided the
basis for a low power remote CW
Doppler radar. Design of the
DSP/controller board was
simplified because of the
architecture of the ADsP-2102o.
Data and program memory, A/D
and D/A converters, and the
(.ddition of “mn B-bit
microcontroller were
i~~~ompl ished without t.ho need
to usc complicated or exotic
Components. Dual-porting the
1)!;1’program m~mory aal lows

proqrarn code to lx’ developed
ilnd t.c:;tedwithout having to
,,,m~v~ pmrts from the romuto
t.il(litr Ilnit. A/[) a 11({ I)/P.

[-onv(*l.tcr:: i~ll(l il lil I-CjP proqr(tm
itlld (I,lt il mf’mory !;l)il(:(’ il 1 lL)W 1 ()?.

11::{ 1!; 01 h(~l” t !Illll r.il(lttl-

(IIM*I ,it i[lll.
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