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1. INTRODUCTION

Analogue Instrumentation for the acquisition and processing of acoustic
data 1s well developed and commonplace in acoustics laboratories. Increasingly,
the avallabllity of dlgltal computing facilities has produced a shlft Erom
analogue data procesalng, but until recently Instrumentation for digital
acoustlc data processing was expensive and the proserve of the larger laborak-
orles.

The appearance during the past faw years of Lnexpensive microcomputers,
together with the accompanying developments Ln roftware, has rmsulterd fu the
possibility of digital data processlng and computer conkrolled inskruuentation
on a much wider scale, Already mlcrocomputer based systema bave heen described
for the vontrol of experlments lh acoustics (Heap and Oldham 1981}, aiml In cthe
important fleld of frequency analysia East assembly language algorithms have
baen descrlbed for two popular microcomputers {Mctelll and Burrows L9y Davies
ond Craven 1900).

specialised instrumentation designed to be campatible with microcompataers
ia becoming increasingly available for the acquisition of acoustic data.
llowever in view of the extensive instrumentation which already exists fn menk
laboratories it is of obvious Interest to investigate means whereby this
exlating instrumentation can be coupled with microcomputers to create new
systems.

This paper presents a descriptlon of an interfacing approach For the
popular C.B.M. mlcrocomputer which has been used successfully with a varlety of
standard acoustlc instrumcnts. The detalls of the Intecface are prescnted
together wilth an account of complete systems which have been develuped For
research investigatlons.

2. GFMEMAL INTERFACING CONSIDERATIONS

The C.B.M, 1J0J2 ayatem providus two connection ports whiclt are speclfically
intended For lnterfacing with external devices. These are the usar port and
1.E.E.E. port. Thas ports coinect to the processor dakta and address llnes via
peripheral Lnterface adopter (PIA) chips. Such chips ace capable of providing
slxteen data ilnes which may be configured under software control to ach alther
aa Lnputs or outputs or as a mixture of both. In addltion, up to four addlt-
jonak linea are avallablo From each chip Lo provide a variety of contral
functiona. In the 3032 eystem, the interFave chips which serviee the btwa
commection ports are partially dedlcated to other functions.

2.1 1w 1.E.F.E, port

Thls port has an B blt bi-dlenctlonal data hus with the necessary control
1lnes to conform to the [.E.E.E. standard 488, and is capable of spprocting
flfteen perlphotal devicens. The control lines form the managoment bus,
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conforming with standardined commmicatlon protoenl bntween davices, and the
tranater bus which supcrvises the transfor of data hetween devices In a hand-
shaking mode. The instruments on the bus can ba deslgnated as a controller, of
which there Ls only one (the 1032 in thie cose), & talker or a listener.
Becanuse some devices can be nither a talker or a liatener ({.e. can recemive or
send data respeclively), the control 1ines nend to be bi-directional, increas-
ing the complexity of inLerface clrcultry.

The 1.R.E.F. port is nsed generally for communlcatlon hetween the 3032 and
standard poripherals such as Eloppy disk drlves or printera. [t is designed to
b user friendly, with commands incorporated jnto BASIC and data helng trans-
rarved as ASCIT character stringa.

Yhe daka Format used by this bus togother with the complexlty of tha inter-
face circulkry kend o ba Incompatible with the acquisition of acoustic data.
This usually involves analog to digltal conversion of slgnals from an inpukt
ransducer and the subsequent transfer and processing of binary B-bit daka
wsually in volume. For snuch applications a machinn code environment is
required ta provide simpte and gpeedy data tranafer rates and fast procesaing.
In addition in systema in which the computer is required to control external
equipment the oparalion of the bus ie unnecesgarily complex.

2.2 ‘e uanr pork

This 18 derlved from the wused part of A MCS 6522 versatile interface
adapler {VIA} ond consirts of an f-bit data port plus two control 1iners. The
eight lines forming the port can be indlvidually programmed as inputs or out-
puts as can one of the conkrol lines, the other belng an knput only.

The mmber of lines avallable limits the ‘un of this port, and generally
only one device at a time can be serviced through the user port. Jn situvations
in which the 3032 15 to be used for data acqulsltion and instrument control on
a falrly substantlal scale, the iimited Input fontput and control options
provided by the two connection ports impoze & farlous restriction on what is
posnihle. Fortunately these restrictions can be removed falrly readlly by the
provistion of alternative PIA chipa whose function 1a solely that of servicling
external orquipments. :

2.1 The memory expansion port

In the systema described here, advanbage in taken of the fact thak memory
loenttona from $9000 - $RFFF In the 1032 systom are available for ROM expansion
and coustituke a vacant area In the memory map of the machlne. Thus addirional
peciplieral chips may be accessed dlrectly Erom the memory expanslon connector
of Lhe machine which gives access to all the necessary data, nddrees and
contvo! lines. In order to accomplish thls two atepa are involved.

Input /output in the 3N12 syatem via PIA chips makes use of the so-called
memory mapped process in which the chips are accassed as a pection of NAM.
Clearly, thorefore, it L3 necessary to modlfy the Lnternal clrcultey of the
machine so that the region of the ROM expansion area in which the chips are to
be lacatnd hecomes accesslhle as RAM via the data lincs on the memory expanalon
connector. An examlnatlon of the circnit dingrama for the 1032 (ltampshire
L9A0) shows that when addresses iu the entlre RON aren {$9000~$FFFF) are
accensed, the momory expansion tristate data bus buflera are held in a write
state and the data read directly onto the microprocessor data lines from
whatcver ROM chips may be in pltace. In order to open up the ROM expansion
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areas [or access ags RAM It 13 necessary to disable the process which deacliv-
ates tho trintate data bus buffers when addressas in Lhe range $9000 - $NFFF
arn msolectad. This Is readlly achleved by allering the links Ly Jumper
gwitches provided on the 3032 clrcult board according te the connection options
ghown on the circuit dlayrams. If this is done, the acea $C0O00 - $FFFF ia
still a ROM protected area but $9000 - 3DFFF becomes accessible as RAM, with
the data bus buffers activa. ‘he area ls no longer avallable for ROM expansion
howaver, unkese additional control clrcultry is added to give partial
protection.

Oonce the RO area has been opened up in this way the seeond step fnvolves
the provision of external address decoding to provide appropriate signals for
peripheral chip selection. The deyree of decodlng Lo he used depends apon the
number of chips Lo be selected. 1In the system described here a grneral purpose
interface unit has been conatructed which contajns L6 PIA chips.

2.3.1 Intarfacling to the memory expansion port

The address space of the 3032 is sub-divided {Internally} Into I blocks
of 4K by de-selecting the top Eour address Llnes (Al2-Al5) wslng 3 L-out-of-16
demultiplexing Intcgrated cireuit. The same technique can be used axternally
to deselect the neat Four address lines (A-AlLl). Connecting ono of these
deselected llnes and a block select line to the chip salect plnn of a PIA
enables up to sixteen devices to be located in a vacant block. The lower elght
address Llnes {A to A7} are avallable for reglater selection on each PIA.

This con lead to a large redundancy of memncy space, for Instanor a HCS 6520
needs only two reglster seclect lines, but if necessary this sltpalicn can bo
readily improved by additlonal clrcultry.

The provision of slxteen PIA chips in tha interface unit mnken it possible
to access a varlety of Instrimants and peripherals and cxtenda coniiderahly the
usefulness of the 1032 as a controller and data acquisition deviece fn acoustie
oxparimonts,

APPLICATIONS, DATA DISPLAYS
3.1 x-Y plotter

Flgure 1 shows a block diagram of Lhe system. Each data port of A M5
6520 P.I.A. i connected to an eight bit digital to analag converter (B.A.C.),
the outpuls of which are connected to the X and ¥ Inputs of a stawmlard plotter.
bata ie presented sequentially to the port comnnected to the Y dnput, as the
data on the other port is incremented Ln wnit steps Erom zero to 255))-

A control line is used Lo control the pon-wp/pen—down functlon.

Due Lo the slow actlon of most X-Y plotters a proyram written in AASIC
using PEEK and POKE instructions to output data 1s fast enough, and additional
programped dolays using FOR/HEXT loops may even be necessary to allow the
ploLter to respond correctly.

3.2 level recorders or ¥Y-T recorders

e technique described In 1.1 can be easily adapted for use with Leve
racordeca, where no X deflection g needed, Agaln coutrul 1ines may e nserd
to contzrol pen-up/pan-down and paper drive.

3.3 Osclilloscope dlsplay
The same princlple as in X-¥ plotting applles here for fast ilrplayn on an
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osci)lorcope capahle of external X deflection. In this case PASIC is too slow
to qlve n colerant trace, and EO & machine code program 1s required. tnlers a
rloraqe oscllloscope i3 avallahle, it will be necessary to repeat the operation
untLl} interrupted by the user. This can readity be achlaved by tncluding in
the loop a branch out of the preqram condlitional on a specific key boing
preassed.

4. DATA ACQUISTITION
4.) <vranslent: event recorders

These devices allow an anatogue eignal Lo be sampled in the time domain,
Algitisod in an eight blt blnary €orm and then stored In a R.A.M. of 2N pytes,
whore W if typlcally between 10 and 12. Once the memory ks full the digital
data can he stored Indefinitely. Cycling the data through a D.A.C. allows for
X-¥ plotting og <isplay on an oacillogscope. In addition the dlgital data is
avaliable for output to a paper-tape punch or an on-1ine computer.

A typical commerclal transient event recorder 18 the Datalab DLI2O device.
Although this equipment can be used Ao A stanil-alone device using manual
controls, most of the Functions controlled by the Eront panel switches are altsao
controllable hy T.T.L. levels applicd to & multi-way socket. This makes it
ideal as o data acquisitlon.module for a microcomputer.

nigltal data is traneferred in a bit parallol-byte serfal manner using a
nhandshak ing system. Aa Interface adapter, such as the MCS 6532, can be used to
good effect by uslng one efght blt port to accept the digital data, leaving the
second port to control the data rapture and data transfer by individually
programming ench line of the port.

The DIO20 han a dynamlc R.A.M. and so there 18 a lowver limit to the rate
al: which data can be taken by the computer. This means that the data generally
hias to be transferred as a block since any calculation on individual bytes
wonld exceed the maximom time allowed. Congsedquently, a hlock of memory in the
microcomputer must he saved specifically for the data Erom the DL920 and must
he protected from corxuption by the computer during lta normal operation. This
can be done hy altering the two locations in zero-page memory which point to
the dimit of BASIC memory. For example, in the C.R.M. 1032 this would normally
be aet at $0fA, but changing thia to $7¢¢i} would allow for A¥ of protectad
data rrorage.

4.2 Analogue memor les

A atmilar device to that deascribed in 4.1 ls the Kemo Anatogue Memory.
This cruipment can alse be readlly controlled by an on-llne micracomputer and
can have a maxlmm of four channols, each having four, eight or slxtecn kilo-
byrtos of storage.

The moin difference ia thot this device usna A static R.A.M. and so data
can bo tranrferred aven at very slow ratea. A handehaking procedure la not
uaed, instead a clock pulse will latch » byte of data onto the data bus ready
for collection by the computer. In this case a rlngle byte can ba taken by the
computer and a calculation, e.g. an accumulation, can be carrled out hefore the
next. hyte is tnken. Therefora the data can be reduced by the compuler an Lk
arrives, and so no areas of memory have to be rngerved as in the previous casa.

4.1 Direct data acquisition
A syntem has been daveloped {(Pavies, Kehayas and Mcielll, 1981} urlnyg
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commerclal eight bit A.D.C. combined with » muttiplexer iu the same liyhrid
package. An MCS 6520 peripheral interface adapter is used to strohe antowatlc-
ally the A.D.C. every time datn ia taken Erom the output of the device. A
cholee of Erom one to sixteen data channels ia avallable {scc flgure 2). Data
s taken from the 6520 dlractly into the R.A.M. of the microcomputer. -

Using this technlque, sample rates of 70 Ktz for one data channel can be
achleved, which 1s adequote to satlsfy the MWygulist criterion for Lhe awlio
range of Erequencles.

5. N RESEARCH SYSTEM

h current rescarch project at Liverpool Palylechnic is concecnd with the
effoctiveness of nolae barriers In outdoor conditions. Il L5 necessavy, there-
fore, to record acoustical data from two microphones {in order ko calculale
barrier attenuation), as well as meteorologlcal data such as the speed, direcl-
ion and turbulent intensity of the wlnd and alr temperature.

The microcomputer, together with data acqulsltion equipment describaed in
4.1 and 4.2, has been interfaced to standard analogue acoustics aud incwometer
instrumenkatlon {see figure 3. In addition temperature sensors and a wind-
directlon sensor have been developed.

5.1 The acoustical system

A source of octave Flltered white nolse is ampllfied to activate an expol-
entlal horn loudspeaker. Thls is received by a twin channel syatcw, eaclh com-
prising a half-inch mlerephone and a measuring amplifier plus octave Eilter
get (all of whlch are standard Bruel and Kjaer equipment), anc aampled by a
Kemo analogue mawory. In order to lmprove slynal to nolae ratlo, nach channel
has the same centre frequency and bandwidth as tha one used to prodice the
nolse Bource.

The source Filter has upper and lower cut-off frequencles sat by the
computer through a MCS 6532 P.I.A. This Eacility doecs nok exIst on the octave
filter sots, but the Eilter can be moved Erom one octave Lo the nrat by an
internal relay. A simple circuit can be made so that a T:T.IL. lovel dereived
Erom the compiter will drive this relay with a 24V DC sapply. in this manner
all Cilters can be set under computer contrel. ’

An automatlc attenuator has also been lncorporated in the noise genecak-
ion system. This device allows the compuicr to ensure that the signal rcach-
Ing the analogue memory is occupyling the full range of the instriment without
it belng overloaded. In the same eclrculitry as the atkenuntor s an analogue
swltch which allows Eor tone burst gemeration.

5.2 DMnemnomelry

A Disa battery operated constant temperature antiedieter is oaed with a
Dakalab DLUO transient event rocorder to obtain wind speed and corbinlont
Lutennity measurements. Calculations of the mean and roolt meoan square of (he
output of the amemometer are rerquired.

The wind direction sensor uses a revolving drim under a dise which is
comneled to a wind vane. A counter Ls det to zero when a aprcl (e point. on
the drum polnts due north. The devliee then glvas out pulses, derived aptic-
ally from black and white marklngs an the drum, wntll the same pojak i co-
Incldent with the wind vana. The pulses then stop.  In this way thn nusher of
pulses glven by the device measures how Far away Erom due north in Ll
dlinction indicated by the wind vame. Since the pulses are dorlved from the
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markinge on the drum, variationa in speed of the driving mntor do not affect
the resulte.

In order to count. the pulses an MCS 6522 V.1.A. 1a nsed. This davice will s
Ernse negative going pulses on a certain line of an input/output port. Each
pulse will decrement a counter, and Ao by settlng the origlnal value In the
counter and reading the counter on coincldence of tha wind vane and the drum,
the number of pulaes Is caloulated. T

5.3 Temperature sengors

A tempercature dependeont current source ts userd to measure alr temperature.
Thls semlconductor device s housed in TO52 package and glves an output of
1 on/"k. This 18 converted inte 0.1 v/°C nsing an operational amplifinsr circult
with appropriate reslstive components. ’

This temperature dependent veltage e then applied to the input of a
voltage Lo Erenquency converter (Teledyne 9400), which glves Jué negative pnlees
at a [reguency linearly dependent on the tnput voltage. Agaln a HCE 6522 }
V.1.A. 15 used to counl these pulses in a glven time. The system can be readlly :
duplicated if temporature profile Informatlon 18 required amd the use of a TTL
data multiplexer permlts aeveral temperature rensors to be serviced by one
V.I.A.

Saftware 18 currently being developed ta allow for thn complate aystnom
described In this gncLion to oparate automatically. This will allow large
velumes of data to be analysed, reduced and stored on magnetic floppy dlsc for !
each outdoor experiment., Thies can he of valwe Lf suitable sites for experi-
ments are a considerable distance away from the laboratory, or when the alte
and suitahle vehlcles are only avallable for a Limited period of time.

6. COHNCLISINN

The memory expansion pork on the C.B.M. 3012 microcomputer permits the
use of numnrous periphrnral Intecface adapters atlowing tha computer to control
standard laboratory equipment, acqulre data, and display and storn results. In
thils way the computer can be adapted to individual needs whilst still retaining
the screen editlng Facility and DASEC interpretatlon, which would otherwise
requlee lengthy development. The memory expanslon port allows equipment to be
sarviced and data to be processed speedily using machine code programmes.
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