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i . INTRODme

Analogue instrumentation for the acquisition and processing of acoustic.

data is Hell developed and comwnplace in acoustics laboratories. Increasingly,

the availability of digital computing facilities has produced a shift from

analogue data processing, but until recently inetrumentatlon for lllqlinl

acoustic data processing was expensive and the preserve of the larger laborat—

cries.

The appearance during the past few years of inexpensive microcomputers. .

together with the accompanying developments in nuftuare. has rns ted in the

possibility of digital (late procnssinq and computer controlled ins 'rl .ation

on a much wider scale. Already microcomputer based systems have he. descrime

for the L'Qiltroi of experiments in acoustics (Ileap and oldham 19m), and in the

important field. of frequency analysis inst assembly language algorithms have

been described for two popular microcomputers (l‘lcflelll and Burrows 19m; Davies

and Craven lsno) .

   

Specialised instrumentation designed to be compatible with micrnmnnpnters

is becoming increasingly available for the acquisition of acoustic data.

However in view of the extensive instrumentation which already exists In mmt

laboratories it is of obvious interest to investigate means wherehy this!

existing instrumentation can be coupled with microcomputers to create new

systems.

'fllis paper' presents a description of an interfacing approach fur the

popular 6.3.". microcomputer which has been used successfully elill a variety of

standard acoustic instrumental The details of the interface are presented

together with an account of complete systems which have been developed for

research investigations.

2. GENERAL lN'l'l’JiFAClNG CONSIDERATIWS

The C.B.l|. 3012 system provides two connection ports which an: specifically

intended for interfacing with external devices. These are the user port and

1.3.8.3. port. The ports connect to the processor data and address lines via

peripheral interface adapter lPiA) chips. such chipg are capable of providing

sixteen data lines which may be confianed under software control to acl. n] ther

as inputs or outputs or as a mixture of both. in addition. up to four mhllt-

ional lines are available from each chip to provide a variety of control

functions. in the 3012 system. the interface chips which service the Min

connection ports are partially dedicated to other functions.

1.1 The 1.3.3.3. port

This port has an a bit iii-directional data bus with the necessary control

lines to conform to the 1.3.3.5. standard Mill. and is capable oi sum-carting

fifteen peripheral devices. The control lines form the management bus,
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conforminlj with standardised munication- protocol bolzween devices. and the

transfer bus which supervises the transfer of data between devices in a hand-

shaking mode. The instruments on the bus can be designated as a controller, of

which there is only one [the 1032 in this case). a talker or a listener.

hecause some devices can be either a talker or a listener (Le. can receive or

send data respectively). the control lines need to be til-directional. increas-

inq the complexity of inLerface circuitry.

'I1Ie LILEJ-Z. port is used generally for covmnunication between the 3032 and

standard peripherals such as floppy disk drives or printers. it is designed to

be user friendly. with conmands incorporated into BASIC and data heinrl trans-

ferred as hSCll character strings.

The data format nssd by this bus together with the complexity of the inter-

face circuitry tend to be incompatible with the acquisition of acoustic data.

This usually involves analog to digital conversion of signals from an input

transducer and the sill-sequent transfer and processing of binary 8-bit data

usually in volume. For such applications a machine code environment is

required to provide simple and speedy data transfer rates and fast processing.

in addition in systems in which the computer is required to control elternal

equipment the operation of the bus is unnecessarily maples.

2.2 The user port

111is is derived from the unused part of a "CS (1522 versatile interface

adapter (Vla) and consists of an 0—bit data port plus two control lines. The

eight lines forming the port can be individually programmed as inputs or out-

puts as can one of the control lines. the other heinq an input only.

The number of lines available limits the 'use of this port. and generally

only one device at a time can be serviced through the user port. in situations

in which the 3032 is to be used for data acquisition and instrument control on

a fairly substantial scale, the limited input/output and control options

provided by the two connection ports impose a serious restriction on what is

msnlhle. Fortunately these restrictions can be removed fairly readily hy the

provision of alternative PIA chips whose (unction is solely that of servicing

external equipments. '

2.] 'I11e memory expansion port

in the systems described here, advantage is taken of the fact that memry

locations from $9000 - ianP in the 3032 system are available for no" expansion

and constitute a vacant area in the memory lap of the machinn. Thus additional

peripheral chips may be accessed directly from the memory expansion connector

of the machine which qives access to all the necessary data, address and

control lines. in order to accomplish this two steps are involved.

input/output in the 3012 system via I'lh chips makes use of the so-called

memory mapped process in which the chips are accessed as a section of MN.

clearly. therefore, it is necessary to modify the internal circuitry of the

machine so that the region at the non expansion area in which the chips are to

be located becomes accessible as nan via the data lines on the memry expansion

connector. an examination of the circuit diagrams for the 1032 (Hampshire

1980] allows that when addresses in the entire nos area (Moon-SPF") are

accessed. the neer expansion: tristate data bus bullets are held in a write

state and the data read directly onto the microprocessor data lines from

whatever Ron chips may be in place. in order to open up the non expansion

l0.

L1
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areas for acccss as rum it is necessary to disable the process which deactiv-

ates the trintate data bus butters whenaddresses in the range $9000 — SHFFP

are selected. This is readily achieved lay altering the links in jumper

switches provided on the 1032 circuit board according to the connection options

shown on the circuit diagrams. if this is done. the area scoot) — $Fr'FF is

still a ROM protected area but $9000 - SnFI’F becomes nccessiille as RAM. with l

the data bus buffers active. The area is no longer uvai [able fnr in)" expansion

however, unless additional control circuitry is added to give partial

protection.

came the non area has been opened up in this way the second step Involves

the provision of external address decoding to provide appropriate signals [or

peripheral chip selection. The degree of decodinr] to he used rh unis upon the

number of chips to be selected. in the system described here .1 nr-nernl purlnsxe

interface unit has been constructed which contains [6 l‘ln chips.

 

2.3.l interfacing to the memory expansion port

The address space of the 3032 is sub-divided (internally) lnl'o iii blocks

of at by tie—selecting the top [our address lines (Ai2-A15l

denuitiplexinq integrated circuit. The same technique can he used ex

to deselect the neat four address lines (Mi—Alli. Cm ctlnq one of these

deselected lines and a block select line to the chip select plun of .1 Pill

enables up to sixteen devices to be located in a vacant block. The lower eight

address lines (M! to A7) are available for register selection on each run.

This can lead to a large redundancy of Illenrlry space, (or lnstnn .1 ms 6520

needs only two register select lines, but if necessary this 31 .n.1l.lru can be

readily improved by additional circuitry.

     

The provision of sixteen Pill chips in the interface unit makes it possible

to access if variety of instruments and peripherals and extends considerably the

usefulness of the 3012 as a controller and data acquisition device in acoustic

experiments.

3. APPLICATICIIS. Dli'l'li DISPLAYS

J. l x—r plotter

Figure 1 shows a block diagram of the system. Each data port of a “15

6520 P.l.l\. is connected to an eight bit digital to nnaloq converter lan.C.).

the outpuLs of «hich are c ected to the ii and V inputs of a shnviard plotter.

Data is presented sequentially to the port connector] to the V input, as lhe

data on the other port is incremented in it steps [rm zero to 255m.

A control line is used to control the pol up/pen—doun function.

 

  

Due to the slow action of most )l-Y plotters a program written in filile

using PEEK and PDKB instructions to output data is fast m h. and additional

prugramncd (Inlays using FOR/NEXT loops may even be necessary to allow the

plotter to respond correctly.

 

3.2 level recorders er V-T recorders

'I'lle teclulique described in 1.1 can be easily adapter! for use I-lil'il l vel

recorders, where no )l deflection is needed. Main conlrul lines may he illierl

to control pen-IIp/pen-(inlfll and paper drive.

J.) Oscilloscope display

The same principle as in x—V plotting applies here for last rllapI-iyn on an

ll.
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oscilloscope capable of external it deflection. In this case M5": is too slow

to give u coherent trace, and so a machine coda program is required. unless a

storage oscilloscope is available. it will be non ssnry to repeat the operation

until inLerrupicd by the user. This can readily be achieved by Including in

the loop a branch out of the program conditional on a specific key being

pressed.

4. nrrra ACQUISITION

4.] Transient. event recorders

These devices allow an analogue signal to be sampled in the time domain,

digitised in an eight bit binary form and then stored in a R.A.H. of 2" bytes,

where II is typically between 10 and 12. Once the unwary is full the digital

data can be stored indefinitely. Cycling the (lalza through a b.h.C. RIIONB for

x—V plotting or display on an oscilloscope. in addition: the digital data is

available for output to a paper-tape plmch or an on—line computer.

A typical convnercial transient event recorder is the Datalab [H.920 device.

Although this equipment can he used as a stand—alone device using manual

controls, most of the functions controlled by the front panel switches are also

controllable hy 1'.1‘.l.. levels applied to a mull-.i-vay socket. This makes it

ideal as a data acquisition-module for a microcomputer.

nlgitnl data is transferred in a bit parallel—byte serial manner using a

handshaking system. An interface adapter, such as the "cs 6532, can be used to

good eflect by usiwy one eight bit port to accept the digital data, leaving the

second port to control the data capture and data transfer by individually

programing each line of the port.

The Dl.920 has a dynamic R.A.li. and so there is a lower limit to the rats

at which data can be taken by the computer. This means that the data generally

has to be transferred as a block since any calculation on individual byten

would exceed the maximum time allowed. Consequently, a block of memory in the

microcomputer must he saved specifically for the data from the [H.920 and must

be protected lrom corruption Ivy the computer during its normal operation. This ’

can be done by altering the tea locations in zero-page mmry which point to

the limit or BASIC memory. For example, in the C.n.li.30]2 this would normally

be set at SW. but changinq this to 87m would allowfor 4K of protected

data storage.

4 . 2 Analogue memrles

A similar device to that described in 4.i is the Keno Analogue Memory.

This equipnent can also be readily controlled by an on-llne microcomputer and

can have a maximum of four channels, each having (our. eight or sixteen kilo—

bytos oi storage.

The main difference is that this device uses a static R.A.M. and so data

can be transferred oven at very slowrates. A handshakqu procedure is not

used, instead a clock pulse will latch a byte of data onto the data bus ready

for collecrion by the computer. In this case a single byte can be taken by the

computer and a calculation, e.g. an accumulation, can be carried out before the

next byteis taken. Therefore the data cnn be reduced by the compute! an it

arrives, 'and so no areas of memry have to be reserved as in the previous case.

4.] Direct data acquisition

A system has been developed (Davies, Kehnyaa and HcNeiii, 1991) using

11.
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cmrnercisl eight bit n.D.C. combined with a multiplexer in the 8mm hybrid

package. M was 6520 peripheral interface adapter is used to struhc automatic—

ally the Ii.b.c. every tine data is taken from the output of the device. A

choice of from one to sixteen data channels in available (see figure 2). Data

is taknn from the 6520 directly into the are. of the microcomputer. "

Using this technique, sample rates of 70 KHz (or one data r:hn nel can be

achieved, idlich is misquote to satisfy the Nyquist criterion for I,qu au-li.n

range of rroquenclen.

5. Ii RESEARCH SYSTEM

A current research proiect at Liverpool Polytechnic is cnnco ml with the

effectiveness of noise barriers in outdoor conditions. II: is noce. m'y. there-

fore, to record acoustical data from two microphones (In order to calculnlze

barrier attenuation). as well as meteorological rinta such as the speed, direct—

iun nnd turbulent intensityof the wind and air temperature.

  

   

Tho microcomputer, together with data acquisition equipment dmcrllml in

4.] and 4.2. has been interfaced to standard analogue acoustics nlnl unclean"! .r

instrumentation (see figure 1]. in addition temperature sensors and a win —

direction sensor have been developed.

  

5.1 The acoustical system

A source of 'octnve filtered white noise is amplified to activate an expou—

ontial hurn loudspeaker. This is received by n twin channel system, each cum—

prising a half-inch microphone and a measuring amplifier plus nctavc filter

set [all or which are standard Bruel and User equipment), and son ‘ied by .1

Rome analogue memory. in order to improve signal to noise ratio, Each channel.

has the same centre frequency and bandwidth as the one used to prnrluco the

noise source.

The source filterhas upper and lower cut—uff frequencies not by the

computer through a Its 6532 PJJi. This facility does not erist ml the octave

filter sets, but the filter can be moved from one octave to the next by an

internal relay. A simple circuit cnn be made so that a 'r;T.l.. I. rived

from the computer will drive this relay with a 24V DC supply. is manner

all filters can be set under computer control.

  

An automatic attenuator has also been incorpornted in the noise grnerat—

ion system. This device allows the computer to ensure that the squI-‘Il rear: —

inn the analogue memory is occupying the full range of the instrmnunl' wilzl t

it being overloaded. 1n the same circuitry an the attenuator is an analogue

switch which allows for tone burst qenerntion.

 

5. 2 nusnmustry

A Disa battery operated constant temperature aneunmetcr is u-wd vllh a

Datnlab "[301 transient event recorder to obtain wind speed and rhnleut

inteunity measurements. Calculations of the mean and root mean m. ll"! nf Ihe

output of the nnemolneter are required.

  

The wind direction sensor uses a revolving drum under a rlisc which is

counnclell to 1: wind vane. A counter is set to zero whenn specific [hint on

the drum points duo north. The devlce then gives out pnlnes, derivml uptic-

elly from black and white markings on the drum. til the same poinl. in co-

lncldellt with the wind vnne. The pulses then stop. in this way thn number of

pulses givenby the device measures how far away fromdue north in the.

direction indicated by the wind vnne. Since the pulses are dnrlvml from the

 

ll.
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marklnqs on the drum. vnrintinml in speed of the driving mtor do not aiftsnt
the result.

in order to count. the pulses an its 6522 V.l.A. is used. This device Hill
reuse negative qoinq pulses on a certain line of an input/output port. Each
pulso vi'll decrement s cm ter. and so by setting the original value in the
counter and reading the co n r on coincidence of the vlnd vaneand the drum.
the number of pulses is calculated.

  

5.] Temperature sensors

A temperature dependent current source is used to measure air temperature.

This semiconductor device is housed in 1052 package and gives an output of
I "ti/'K. 11|is is' converted into 0.1 v/°c using an operational amplifier circuit
with appropriate resistive components.

This temperature dependent voltage is then applied to the input of a

voltaue to frequency converter (Teledyne 9400), which gives In; negative pulses
at a frequency linearly dependent on the input voltage. Again a K15 6522

V.l.n. is used to count these pulses in a given time. The system canbe readily

duplicated if temperature profile intervention is required and the use of a 1'".

«Ian; multiplexer permits several temperature sensors to be serviced byone
V.l.!i.

Software is currently being developed to allow for the complete system

described in this section to operate automatically. This will allow large

volumes of data to be analysed. reduced and stored on magnetic flomy disc for
each outdoor experiment. This can he of value if suitable sites (or experi-

III-ants are a considerable distance away from the laboratory, or when the site
and suitable vehicles are only available for a limited period of tile.

6. C(‘ICIJISI‘N

'I'Iw. memory expansion port on the C.B.il. Jo]? microcomputer permits the

use of numerous peripheral interface adapters allowing the computer to control

standard laboratory equirnnent, acquire data, and display and store results. in

thls Hay the computer can be adapted to individual needs whilst still retaining

the screen erlltinq facility and nnslc interpretation, which would otherwise
require lengthy development. The memory expansion port allows equipment to he
snrviced and data to be processed speedily using machine code programs.
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