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CHAPTER-1
INTRODUCTION TO DATA ACQUISITION SYSTEM

1.4 HISTORY

In the Ferroelectricity Laboratory of Physics
Department of Shivaii University, Kolhapir several experiments
can be carried on the ferroelectric materials for the reseasrch
and development purposes, These experiments are like D.C.Electri-
cal Conductivity Measurement, Thermoelectrical Power Measurement,
Studies o©of Pyroelectric Properties, Solid-state Battery Eorma*
tion, etc. The Electronic Laboratory of this Departmentfﬁ&lso
conducting several experiments on the Temperature messurements,
Semiconductor device characteristics wumeasurements, etco. The
scientific data of all these experiments are recorded mamially on
the paper with time. Such reécrding ig lengthy and it has cer—
tain drawbacks. Some experiments in the ferroelectricity lab. are
very londg. It requires aspproximately three hours., This becoumes
tivesome, time consuming work and there masy be & possibility of
e

if the data is recorded digitally, does not have such limi-

8

tations. 8So, it is an attempt to design the DATA ACQUISITION

errors.

SYSTEM USING COMPUTER, for these experiments,,sgme timeyall the
recorded dats may not be essential for anslysis purpose; the dats

which is reguired for further analysis must be recorded. In  the



present work totally four experiments have undertaken.

These are: i} Tewmperature weasurement, ii} Electrical field for
Conductivity measurement, 1ii) Thermoelectric Power measurement,
and iv} Semiconductor device characteristics measurement. Using
gsoftware data files are prepared and dgraphs are plotted according
to the need of the application.

In this work, mV/mA input interfacing card along with

PC-X4 i used. The software is developed in  the higher level
langusge, Turbo C. The totsl software is carrvied out in the four

cases, Tne dats can be recorded on the hard disk or on a2 floppy

1.1 INTRODUCTION

Dats acquisition systems are used for collecting the
input data in snalogd or didgital form as rapidly, accurately and
economically as possible. In snalod recording of instrumentation
system the analog signals are recorded in basically two different
ways -

1} Signals which originates from DIRECT MEASUREMENT of electrical
quantities. These sidnals may be d.c. or a.c. voltages, frequency
or resistance etc.

2} signals which originates from use of TRAMNSDUCERS,

The analog data is denerally scquired and converted into
the digital form for the purpose of i} Processing, ii} Transmis-
sion, 111} Display, & iv} Storage eto.

There are two types of Instrumentation Systems.

1} ARALDOG SYSTEMS- These systems desl with informstion  in



analog fTorm. An snalog signal may be defined as  continuocus
function, such as a voltage versus time, displacement versus
force,
Zy DIGITAL SYSTEMS- A digital auantity may consist of a
number of discrete or discontinuous pulses whose time rela-
tionship contains inforuation about the magnitude and the
nature of the quantity under measurement.
Depending up on the two categories of the instrumentation

system there are two wain typesn of data acquisition systems:
i} Analcg data acauisition systew and
i1} Digital dats acquisition system.
Components of Analog deta acauisition systems

An analog daeta acauisition system typically consists  of the
some or all of the following elements.
1} Transducer — The definition of transducer is that, a device
which converts the enerdy from one form to ancther. It is desirs-

P

ble that an emf. obtained from the traﬂadueeﬁ%propertioﬁal to the
gquantity being measured;: is used as an input to the deta acquisi-
tion system., Therefore, transducers such as thermocouples, strain
gaugep bridges, piezo-electric devices and photosensitive devices
are used.
2} Signal Conditioning Egquipment- Any egquipment thet assist in
transforming the output of transducer to the desired magnitude or
form reaguired by the next stage of the data scguisition system.
it also Produces the required conditions in the transducer so
that they work properly. It inciudes devices for samplifying,
refining, or selecting certain positions of these signals.

Examples of signal conditioning equipment includes,



known constant voltade sources for strain gauge bridges, zero
bridge balance device for strain daude circuits, temperature
control deviees for thermccouple junctions, voltage aunplifiers
3} Calibrating equipment— Before each test there iz & precalibra-
tion and é?teg each test there is a postcalibration. This usually
consists of & millivolt calibration of all input-circuits and
shunt calibration of all bridge type transducer circuits.

4} Intedrating equipment - It is often desirable to know the
integral or a summation of a quantity. There are seversl ways of
determining the time intedral of a quantity. An snalod intedrat-
ing ecircuit can be used for a quantitative test. It hass  the
rossible dander of becoming overloasded and alsco its accuracy is
low. Theré:fare digital techniques are normally used for intedra-
tion purposes.

5y Visual Display Devices - These are required for continuous
monitoring of the input signals. These devices includes panel
mounted meters, numerical displays, signal or wmaltichasnnel CRO's
eto,

6} Analog Recorders- It includes strip chart recorders, oscillo-
graph, magnetic tape recorders and cathode ray oscilloscope with
ehotographic equipment.

7} Analog Computer — The function of dats acquisition system is
not only Lo record data acquired by the transducer and sensors
but alsoc to reduce this data to the desired form. Analog computer
may be used as a reduction device., The output wvoltage of an

analog computer can  either be recorded in analod form or be



converted to a digital form for recording and further computa-
tions.

8% High-speed Cameras And TV Equipment- In meny inpdustrial
process, engine testing and sercdynamic testing, it is not possi-
ble for the test operator to have of %ﬁ% view of the eguipment
being tested. Therefore, closed circuit TY is used Lo enable +the
operstor to make visual observations of the test, Also high speed
cameras are smployed to obtain a complete visual record of the

process for further snalysis,
Components of Digital Data Acquisition System:

A digital data scquisition system may include some or ail of
the components shown in the fig. (1.1}, The essential functionsal

sre : &} han~

4]

o§eration5 of 8 digital data acauisition system
dlingd of snelog signals, b} making the measurement, <} converting
the data to =# digitsl form and handling it, and 4} internal
prodramuing and conbtrol.

The various components and their functions are given bellow.

1) Transducer - They convert a physical gquantity to an electrical
signal which is acceptable by the sacquisition systewm., These
parameters are like temperature, pressure, accelerstion, dis-
placement, velocity, weidht, etc. And some electrical aquantities
such as voltage, resistance, or freguency may be messured direct-
iv.

2} Sigoal Conditioning Equipment - It includes the supporting
cireuitry for the transducer. This circuitry may provide excita-
tion ypower, balancing circuits, and precalibration and post-

calibration elements. Voltage smplifiers, servo systems ebo. are
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the examples of the signal conditioning equipment.

3} Multiplexer or Scanner - Multiplexer is a process of sharing a
single chanmel with more than one input. The multiplexer accepts
one  or more than one snalog inputs (maltiple analog inputg} and
connects them sequentially to one measuring instrument. Another
name of the multiplexer is a scanner.

4} Signal Converter - A signal converter transiastes the. analog
signal to a form acceptable by the analogd to & digital converter.
An example of signal converter is an amplifier for amplifying the
low level signal voltades produced by transducers.

5} Analog to Digital Converter - An ASD converter converts the
analog voltage to its equivalent digital form. The ocutput of an
A/D  converter may be fed to didital display devices for vigual
display or may be fed to digital recorder for recording., It may
be fed to digital computer for datas reduction and further proc-
essing.

68} Auxiliary Equipment - This contains devices for system pro-
gramuing functions and digital data processing. Some of the
tyepical functions done by the auxiliary equipments asre lineariza-—
tion and  liwmit comparison of signals. These functions may be
performed by individual devices or by digital computer.

7} Digital Recorder - Records of information in digital form may
be had on punched cards, verforated paper tapes, type written
pades, or magnetic tape or a combinstion of these systems.

8} Digital Printer - After all the tests have been completed and
the data generated, it becomes necessary Lo reacrd% the numbers

and  in some cases reduece the dats 1o s more meaningful form., A



digital printer can be specified to interface with an electronic
instrumentation system in order to perform this work, and thus
provide a higdh quality hard copy for records and minimizing the
labor of the operating staff.

The type of data acquisition system to be used depends
upon  the application and intended use of rec%?ed input data.
Analog dats scquisition systems are used when wide frequency
width is reaguired or when lower accuracies can be tolersted.
Digital data sacquisition systems are used when the physical
guantity being monitored has a narrow bandwidth i.e. when the
gquantities varies slowly. Digitsl systems are also used when high
accursacy and low per channel cost is  reguired. Digital dats
acquisition systews are in denersl wmore coumplex than analog
systems, both in terms of instrumentation involved and the volume

angd the complexity of the data they can be handle.

1.2 WORK PERFORMED BY DATA ACQUISITIOR SYSTEM :

The acauisition and control of analog or didital data on
pressure, flow, temperature, current, contact status etc.  are
widespresd needs in process industry., Datas scguisition systemns
are used for sensing a number of these signals emsnating from the
plant and converting them into a suitable form for the storade
and processing. The processed information enables the operstor
to o1 1} Ensure that the plant is rurming smoothly,

11} take control &étion for regulating the plant, and
1113} take corrective action in case of emerdencies,
With the advent of microcomputer, storage snd process-

ing of information has becoms an inexXpensive proposition so  much

8 .



s that it has become flexible to dedicate the microcomputer
entirely to the DAS. This has made DAS more compact, versatile
and reliable. We know that in digdital data acquisition syatem
the function of auxiliary eguipment is performed by the digital
computer i.e, microcowputer. A data acquisition system utilizes a
few basic capabilities of computer to be performed four major
catedories of task which are given below :

i} Dats acquisition,

1i} Data storsde and retrieval,

111} Pata reduction, sand

iv} Data presentasbion.
1.2.1 Datas Acquisition - The dats can be read under the control
of the computer (auxiliary eguipnent). This not only results in a
substantial saving of time and effort, but number of errors can
be reduced which are present in the data. Bhen dats are expected
at  irvegulsy intervals, the computer can contimiocusly scan  a&ll
the input sources and accept data when they asre sactuslly pro-
duced.

For analog dats the cowputer controls the sampling and
digitizing process and it also controls the identification and
information of the data. For some irredular and also in case of
ewergencies the computer can be programmed to reject unacceptable
readings and computer provides sutomatic calibration of the input

dats,

1.2.2 Data Storasge and Retrieval -~ Computer has a larde capacity
of wmemory, o its ability is to store and retrieve larde guantity

of data. Instead of computer, the storage of large amount of

9 .



10
data is space and time consuming. For memially collecting some
types of informationfwalmost i+ impossible. The digital cowputer,
however can serve as an automated filling system in which infor-
wation can be automstically entered as it is denerated. These
files can be stored and updated whenever necessary. Any or all of
the information can be retrieved on command whenever desired and
can be menipulated to provide output reports in tabulsr or draph-

ic form to  weet the need of user.

1.2.3 Data Reduction and Transformation - Analog signal is quiet
useless 1f it  is required from the computer in raw form. To
ocbtain useful information from any input signsal, some form of
data reduction or transformation is necessary to  represent the
data as a set of specific parameters. These parameters can  then
be analyzed, cowpared with other parameters or otherwise manipu—
lated. The size and complexity of the transformation and the
reduction problems are such that manual methods would be com—
pletely impractical.

1.2.4 Data Presentation — The very important use of this system
is to present the resulits of measurement and snalysis o its user
in the wmost wmeaningful form. A data sascquisition system using
computer provides informstion in a number of useful forms. Here
we get table printouts, draphs and charts can be produced  auto-
matically, with futures as clearly labeled using both alphabetic
and numeric svymbols., If the necessary computer peripherals are
available, plots and cathode ray displsy can also be generasted,
Iin saddition cowputer can be programmed 1o organize the data or

presentation in most meaningfual form possible. Thus providing the
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user with a clear and sccurste report of his results.

1.3 BASIC CHARACTERISTICS OF DAS

There are 5o wany tyvepes of raw informations just like
d.c. voltade, a.c. voltade, varying frequencies, time etc. These
ravw informations mist be processed through the four basic steps
which arve given in the above section. If many socurces of each
type of data signal exisﬁ;/in one system; & basic decision must
be made at the desidn of the instrumentation system. Here cool-
lecting the dats rapidly from the many sources, the data channels
mint be time-shared or to be malitiplexed. Here decision will be
taken that how many channels will be provided for series or
parailel gathering of deta from various sources.

The specific configuration of any given data acquisi-
tion system concerning the choice of parallel and time-sharing
depends up on the characteristics
1} Eate of processing information - The first of theme perform-
ance specifications involves the number of data words per unit
time.

23 Accuracy with which operations are performed - It involves
the erroyr rate per unit dats word.

33 The gquantity of data 1o be acquired ~ This factor can  be
expressed in terms of total data words per run, or per test.

Here we can say, these three system charscteristics sare
the key factors in determining the configuration of the DAS  and

the overall cost of the systewm.



1.4 OPTIONAL UNITS OF DAS

He have discussed the analed and digital components of
the data ascquisition system. These all are the basic measuring
and recording units in the dats acquisition system. Instead of
these units DAS includes one or wmore optional units. These units
are used in those systems in which the output datsa are regquired
in meaningful form for operating personnel.

These units are scaler and offset corrections performs
the operation

Y= ax + b e e e e N
where, x is the data constant, a and b are the constants that
converts % into the engineering units such as degree F,

Optional units are as follows —

1} Programming - This units control system operating wmodes,
select signal flow path through the system. It gives {(furnishes)
instructions or {(and} stored data a5 required by each unit in the
system.

2} Clock — Clock provides real or srbitrary time in digdital code
o recording system.

3} Manual data insertion - Provides means for operators to insert
identification or other deata into data recording.

4% Data identification - Dats identification unit provides
digital information to recording system to identify datas channel
mamber, frame nusber, run pumber; where frame number includes one

sample of all dats chamnels snd a8 run is associated with separate
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distinct test channel number typically is omitited if a record of
the daha channel sequence is available.

5} Analog transmission and termination - To transmit analcg datsa
over exterxied distances system of cables, comnectors snd so  on
reqguired.

6} Raw — Data ordering - Patch board or other similar sapparatus
for ordering the interconnection of the transducer to the scanner
(multiplexer) units,

7} Seqguence control - Eguipment controlled by the programming
unit for operating scanners and auxiliary selector units and for
controlling ithe sequence in which data chamnnels and auxiliary
eguipments are selected,

8} Analog filtering - Analog filtering units are used either
before or after the low level scanners. These arvre used to reijech
noise and power-supplyv-included voltieges,

9} Sampling ~ For sampling a dats at a known instant of time or
for holding the pesk value of a.c. inputs for duration of the
sampling period, analog samples and hold equipments are used.

19} Visual readout - Equipment for visually displaving the output
of the transliator or the digital quantity denerated or stored in
one of the units.

11} Scaler and offset conversion and control - A mewory in  which
the constants are stored, regquired to perform the operation ¥ =
ax + b where, v = digital output, % = raw input dats, s = scaler
constant, and b = offset constant. In addition eguipment used in
conjunction with sequencer and program units to select for a
particular dats channel, the appropriste constant and to perform

the indicated operation.

S
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12} Operator control unit - This panel contains all the opersastor
controls.

13} External reference - Bxternal referencingd equipment is sed
for referencing the translator or anslog ~ to -digital converter
to an externasl source to permit meassurement in the form of rati-

o5,
1.5 DESIGNATION OF DAS IN THE MARKET

DAS  is a some Rind of system that is used +o acqguire
data, The question is not really triviasl becsuse therve are nunber
of products on  the market that gqusalify for the designation
"data acquisition system . One kind of DAS is a rack - mounted
device intended to accompany a minicomputer or larde microcomput-
er in a 19 - inch instrument rack. In ancther case, the DAS is =
printed circuit board that plugs intoe s wicrocomputer or minicom—
puter and serves to convert analod voeltasge or curvent levels into
binary words. 8till ancther DAS nay be a hybrid function module
that is complete within itself and needs only wmounting on &
prinked cirvcuit board or in a csbinet to function with & micro-
computer system. A last catedory of DAS is an integrated circuit
that contains almost all of the components needed to make it work
but may steel require some external circuitry.

in general, however, we can define the data acquisi-
tion-system as a device or circuit that converts smalodg dats into
digital format snd is ready for direct interfacing with =a
micro/mini computer. The DAS may also contain DACs, as well as

ADCs, so  that an analog signsl may be created from a digital
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cutput on the computer. That BDAC feature, however, is an option
that 1is not totally necessary to our definition. The DAS may be

a single channel affair or it may be milti-channel. Eight and

o

sixteers channel DASs are readily asvailsble and some manufachturers
cffer DAS in up to 84 channels such a DAS will convert up to 64
independent channels of analog data into binary format and input

it into the computer.

1.6 STRUCTURE OF DAS

There are different types of data acquisition systems,
DAS can be designed asccording to the user’s spplications. But it
is possible to generalize the DAS with the essential elements,
These elenents basically consists of mailtiplexer, buffer amplifi-

er {(Instrumentation amplifier), ssmple and hold (5/H) circuits,

. B
Ty

Anaslog to digital converter (A/DB), iri-state %;g%iverﬂﬁ address
decoder, control logic civcultry and the computer. All  these
components are operate under the control of the suxiliasry eguip-
ment i.e. the computer, which asutomatically meintains the correct
crder of events. The DAS system slsc contains interfacing
circuits., Hence we can say that DASs are small modules containing
ziveuits. This modules accepbs number of analog inputs and  these

are ocalled channels., Channels

»

re either differential voltade
signals {(twoe inputs) or sindle ended voltage signals {referred
w.r.b.ground}. Fig. (1.2} shows the dats acquigition svyvstem sar-
rangeuent which use the microcompubter for timing snd control of

the conversion process as well as channel selection.
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Sharing of the same sample and hold cirouit and ADC  for
a number of analog signals reduces cost and the selection of the
next channel during the conversion improves efficiency. It may be
noted that independent signal conditioning is required for each
input channel. The addition of signal processing linesrizers and
programmable gain amplifiers is thus possible. The digital output
is availasble in wvariocus binsry formats st TTL or CMOS logic
levels. An alternative approasch using parallel conversion trans-—
fers the multiplexing task frow the analod to digitsl domain.

It vpermits the use of slower and low cost ADC:  and
eliminates the sample and hold circeuits. The analog mualtiplexer
iz also eliminated. The configuration is schemstically shown in
the fig.(1.3} for parallel conversion.

The deciding cost of ADCe and the hidher performance of
source  conversion will result in incressed spplication of this
configuration.

The parasdrasphs bellow presents the general description
of each block of DAS.

1.6.1 TRANSDUCERS: Transducers are reguired to obtain vhysical
quantities from the plant fér purpose of monitoring control, and
protection,  They convert%lsignala from one form to  asncother em—
ploving varicus physical effects. Most transducers provide# their
cutputs in elsctrical form which are anslog equivalents of non
electrical quantities. A variety of transducers are available
depending on the nature of physical quantities to be measured,
For example, thermistor can be umed for meassurement of tempersa-
ture, since the resistance varies with ‘temperature. A strain

gauge which is based on the principal of resistance varistion
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vhen s thin wire is stretched can be used to messured strain,
Strain gaudes can &iso provide a mesns of determining the foree
or pressure,. The full range of physical effects and types of

transducers is very extensive. Most transducers produce nonlinear

s

cutput signals and therefore required Calibration and Linear-
izing ocirvcuits O or U Computer based softwsre components UV to
provide the actual value. The cutput of transducer located in a
noisy environment may reguire filtering before it can be used by
the amplifisr,

Therse are number of meassuring devices that provide a
digital output in the form of pulses or sequences of 1's and
@', The pulse count or the pattern of 1's and @'s  can be used
as  a measure of some physical quantity. Such devices are called
digital transducers. They offer higdher rescolution, higher accurs-
cy and greater rveliability as compared to analog transducers.
Some transducers vwhich sre used generally are tempersture transg-—
ducers, strain dsiges, pressure and flow transducers/ digital
transducers. In todays instrumentation system digital transducers
are used for variety of aspplications.

1.6.2 AMPLIFIERS (INSTRUMENTATION AMPLIFIERS}: The ocut put from
the weasuring transducers very varied in type and output  levels,
The following are typical of those encountered in process instru-
mentation schemes.

1} High level signals from the pressure transducers (i.e.8-5% v;
B-12 mAl;

2} Low level sidnals from thermocouples (8-189 mv}; and

3} Contact state from switches, relays (8-53 v},



Since the desired voltage levels for most analog mulibi-
plexeyl sample and hold circuits and ADCs are usually between 5-
1 v ; hence do cperational or instrumentation amplifiers have
to be enploved. The purpose these amplifier is Lo perform one ov
mwore of the following functions -

1} Magnitude amplification of the signal,

2% buffering of the signal,

3} conversion of current into voltage sidnal, and

4} separation of differential signal from unvanted common mode
signals.

There are some instrumentation smplifiers. These are -
1} Differential-Input operational smplifier,

11} Single-ended - Single-input amplifier,

111} A tramsistorized chopper smuplifier,

iv} A chopper stabilized amplifier, and

vi DC instrumentation amplifier ebc.

If instrumentation samplifier is regquired to have sanalog
signals of differing rangdes, connecied to the miltiplexer input
then a programmable gain asmplifier would be preferable where &
gain would be set in accordance with the multiplexer selection
address. The use of the programesble gain amplifiers removes the
necessity to standardize on the analod input ranges. The differ-

ential gain of wost amplifier can be programumed through softwar

e

or adiusted with resistor hypically over a range of 1 to 138389
chms., If there is a grest difference between various input signal
levels, scome signal conditioning may be required prior to appli-

cation of the signal to DAS.
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1.6.3 MULTIPLEXER (ANALOG MUX.):

An analog multiplexer operastes on 8/H circuit which
hold the reguived analog voltage long enocugh for A4/D conversion.
it consist of an array of parallel electronic switches {(e.g.FETs)
commected to a common cutput line. Popular switch configuration
includes 4, 8, and 18 charmels vwhich are connected in single
{(sindle-ended} and dual {differential} confidurations.

The wmwultiplexer also contains & decoder-driver cireuit
which decodes & binary input word snd turns on  the appropriste
switch. This cireuit interfaces with standard TTL  inputs and
drives the miltiplexer switches with proper control voltages. For
gy 8§ ~ channel analod multiplexer a one-of-eight-decoder is used,

Setting time is an imporitant specification for sanalog
multiplexer., It is measured from the time & channel is  switched
on  and depernds on the BC time constants formed by the device
capacitance and its ON resistance. Using the OMOS switch shown in
fig.{1.43 the setiting time constant is 1.125)»5 for a 18-charmel
miltiplexer. A typleal value for setiing time for a 28 ¥ step to
#.81 % accursacy is 5}%3. The total leskage current for the 15
off-channel, one Ol-chamnnel condition is  15%5 =75 naA.  This
current iz drawn by the 58 PF capacitor of the Ol-channel. The

volteage OFFSET is approximately 1181pV which is wach less  than

172 1.8B {1.248 wV)} of & 1Z bit ADC. " Crosstalk” is the ratic of
the output voltage to the input voltage with sl channel con-
nected in paraliel and OFF.

A B/H ecircuit follows the multiplexer in order +to
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minimwize the error introduced by the chande in the signal value.
Bhen the mailtiplexer switches input channels, the 8/B c¢irecuit
can be commanded Lo "hold” the signal level during digitizstion.
Multiplexer sebtting tiwme iz thus arranged to ocour during +the
digitization time of ADC, It may be noted that this 13 only
possible vhen the 5/H cirouit i emploved. After digitization is
aver, the 5/B circuit is gated back to the "sample’” mode.

Modern analog multiplexer having high speed and relisbility
are avallable az larde scale integrated (LSI) circuits and can
have as many as 18-charmels on & single chip, Bhen specifying
miltiplexer for a specific application, the following parameters
mist be considered. These are -

1} Humber of charmels (4,8, 183},

[ab]
"t

Voliage range (+/-5 bo +,/-189 Vi,

iess than +/- 3,.9835% for FET switches}, and
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setﬂ&ﬂg time {typically Sjpg}.
1.6.4 SAMPLE AND BHOLD CIRCUITS:

Microcomputer based data acguisition system (DAS} and
direct digital controller (DDCY reguire a ssauple and hold circuit
{3/Hy if reassonable conversion speed and acourascy are to  be
maintained. Ssauwple and hold circuits greatly reduce ervors caused
by the input waveform variations while conversion is taking place
in ADC. They freeze fast-chanding signals during conversion.
Consider a sinuscidal voltsge waveform which is  shown

in fig., {1.5} being converted by an ADC having a conversion time

During the time te the sine wave varies by ¥, ‘the

digital oubtput from the ADC will therefore be equivalent of sone



Fig.(1.5)
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analog value of the voltage during tc instead of being the digi-
tal equivalent of the analog quantity at the starting instant ts.
It wmay be noted that if the conversion period tc converts &
zero-crossover point  on the waveform, the sign of the didital
ouytput from the ADC is the mwost likely to be erronecus. The time
uncertainty results in errors bebween successive points on the
waveform. 1t can be easily verified that error is a function of
the highest input frequency and the unceriainty time. Here we can
give percentage error = 2 T f tu x 1898 %

where, £ is the maximum input freguency and tu is  the
upcertainty time. For an ADC having conversion time of @5 ub,
the meaximum input freguency which can be digitized with an acou-
racy of 8.1 % is 31.8 Hz.

The uncertsinty time of copnversion can be uminimized
with the use of a8 ssmple/hold cirecuit which increasses the band-
width of the system for the same accuracy. The S/-H circuit is
simply &8 wemory device in which an input volisges is acauired and
then stored on a high guality capacitor. For the sample and hold
cirewit shown in fig.(1.8). Al is an input buffer amplifier with
a high input impedance so that the source wvhich may he an  anslog
maltiplexer is not loaded. Several hold-mode specifications are
also iwportant. The hold-mode drop is the cutput-volitade chandge
per unit time when the sawmple switch is open. This drop is csused
by  the leakage current of the capscitor and the switch and the
output samplifier AZ bias current. It may be noted that the drop
is  only of consequence in a long hold interval., Hold wmode feed

through is the fraction of the input-sigonsal that appears at  the
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output during hold time.

It is important to know the aperiure time since it
determines the input bandwidith. If the systewm is being developed
from the modules, the acquisiticon tiwme will have to be considered
a5 this can affect the throughput rate of the whole system. This
time is added to ADC conversion time in order to determine the
through put rate. Care should be tsken to ensure that the drop is
such that the voltsge decay is less than one bit during the

conversion time,

1.6.5 ANALOG TO DIGITAL CONVERTER (ADC) @ Analog to didital
converter is an important part of dats acauisition svstem. There
are grest wany tvpes of commercially available snalcg to digital
converters {ADCs3. ADRCs can be categorized into those which
reguire a ADD in their mechanizetion snd those which do not.
However, all these operate by comparing the unknown voltaege (Vin)
against the known reference voltade V. They differ in mechanism
used for denerating Y. The A/D converter is a member of the
family of actionsstatus devices. There are two control lines:

i} the start conversion (8C} or called as action I/F line,

ii} the end of conversion {EOC) or called as status O/F line.
Conversion Process : &} First the unit is activated by placing
the signal high;

by On sctivation, the unit places the EQC signal low,

The Qutpuﬁ of Al must be caspable of driving the held capscitor
with encugh drive current to change it rapidly. The hold cspaci-
tor should have low lesksde and low absorption characteristies.

The sample and bold cireuit uses a FRET switches, which rapidly



- T W, O s gy
oy . PR HRE Ly

trol  is TTL compatible with leogic 17 for sample commasnd  and
logic 8" for hold command. in the hold mode, the output i=
trozen st the value that existed when the switch is opened. The
time elapsed between the command to hold and the opening of the

FRET switch is called the aperture time; it is denerally much less

e

than & microsecond. For an ADC using an sample and hold circuit,
the saperture time becowmes the uncertainty time, thus allowing
higher frequency components to be diditized with the same accurs~
ey,  Assuming an FET switch with an aperture time of 188 ns, the
highest input freauency that csn be didgitized now becomes 1.8
KBz=.

A 2/7H thus increase the input band-width capability by
reducing the uncertaivnty time. A nunber of parameters, incliuding
the saperture delsay asre used in charscterizing S/B performance.
Frobably the wmost important of these is the acqguisition time
which is defined as: " The time interval for which a signal must
be applied for sampling to the desired accuracy”. Thus it is  the
time reguired, {(after the sample command is given), for the hold
capacitor to charge o a full scale voltade chande and it remains
within a specified error (denerally $.817) band around the final
value which will remain in this state until the conversion proc-

ess  im compliete, When EOC becowumes low the 3C signal is  placed
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low.

¢y When the EOC signal returns to a high state, the conversion
process is complete and the digital representation of the analog
input is svailable on the cutput date signal line.

The tvypes of the asnalog o digital converters are @ 1}
successive approximation, 23 dual slope, 3} voltade to frequen-
cy, 4} BAMP time and 5} parallel method. But these are fall into
two categories: One is the successive approximation type, which
can digitize the twelve it input only in two microseconds: and
the other is the integrating type, here several hundred milli-

A
second time is required S the same task., While selecting the ADRC

the conversion time must be taken in sccount but it does not
affect the software, all ADC generate a status bit vwhich depends
upon the logic state sidnals either a conversion is in process or
the end of conversion.

CONVERTER SPECIFICATIONS — Deciding the sort of ADC or DAC system
required for a particulsar spplication can be confusing if speci-
fication terms are not understood in relation to the needs.  Both
DACs and ADCs are available in wide rande of process and specifi-

cations., Some imporitant specifications for ADD and DAC systems

i} rescolution, 1i} accuracy and 1iil) speed,

o
5

i

1.6.6 DIGITAL TO ANALOG CONVERTER (DAC)}: It can be broadly
clagsified in three caltegories:Current output, voltage ocutput and
waltiplying +trype. The current output DAC, as the nawme suddesnts,
provides courvent as the output signasl. The volitage output DAC
internally oconverts the current signal into voltage signal.  The

volhage output DAC is slower than the current cutput DAC  becsuse
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the delay in converting the current signal into the veoltage
signal. Howsver, in many applications, it is necesssary to convertd
current into the voltage by using an external operstional ampli-
fier. The mailtiplying DAC is similar to the other +two types
except ites output represents the product of the input sidnal and
the reference source and the product is linear over a broad
range. Conceptually, there is not much difference between these
three types; any DAC can be viewed as multiplying DAC.

B/A  converters are available in  integrated coirvcouits.
Some are specially desidned Lo be compabtible with the microproc-
essor. Typical applicaticns inciude didital voltmeters, pesak
detectors, panel meters, programmable gain and an attenuation and
stepping motor—-drive.
1.8.7 DE-MOLTIPLEXER : He have discussed the anslog multiplexer.
Here the working of de-multipliexer is spposite 1o that of the
waltipliexer. De-mailtiplexer have one input and wmany outputs., It
connects the input signal to one of the out put channel depending

upon the chamnnel address on the channel address line.

1.6.8 ACTUATOR : He know the function of transducer. Function of
the sactustor is apposite to that of the trapsducer., Signals
coming from the asumplifiers are in the electric form. There is
necessity to  convert these signals in its oridinsl form when
input signal is controlled through the DAS. Therefore asctustor is
esseptial in this svstem. It converts the electrical signals into

its original asnalog form.



1.6.9 TRI-STATE DRIVERS : Many types of interfacing devices sare

necessary to interconnect the components of a bus oriented sys-

)

tems. The devices used in the todays wmicrocomputer systems ar
designed using (%;ggkiechnslegy. In addition, tri-state logic
devices are essential to proper functioning of the bus oriented
system, in which the seme bus lines are shared by several oompo-
nents,

The tri-state logic devices have three states : logic-93
and high impedance. The terw TRI-STATE is a trade mark of MHation-
a2l SBemiconductor and is used to represent three logic states., A
tri-state logic device has third line called ENABLE as shown in
the DAS arrandement block diagram Fig. (1.2}, BWhen this line is
activated, the tri-state device functions the same way as  ordi-
nary logic devices, When the third line is disabled, the logic
devices goes into high impedance state, as if it were disconnect-
ed from the system., Ordinarily, current is required to drive =
device in logic & and logic 1 state. In the high impedsnce state,
practically no current is drawn from the syvstewn, Example of  the
tri-state inverter is that the "Tri-Btate inverters with active
high and sctive low enable lines”. When the enable is high, the

circult functicons as an ovrdinary inverter and when the ensahle

line is low, the inverter stays in the hidh iwmpedance stabe,
Tri-state inverter can be alsc used with active low enable line.
Bhenn the enable line is high, the inverter stays in the high
impedance state.

Some A/ converter have in-built tri-state drivers.

Bowever, because of their limited drive capability, they can  be
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used on lightly loaded buseﬁ;fsr heavily losded systems, as  in
desk~-top microcomputers the in-built drivers are permasnently
enabled and separate tri-state drivers emploved for the data bus
isclation. In microcomputer systems the peripherals are connected
in parallel between the address bus and the data bus. However,
bhecause of the tri-state interfacing devices, peripherasls do not
load the syastem buses.
The wmicroprocessor communicates with one device at &

time by enabling the tri-state line of the interfacing device.
Tri-state logic is aritical to proper functioning of the wmicro—

computer.

1.6.18 CONTROL 1LOGIC : It is a control section of the systemn. The

control  logic provides the necessary interface between the cocon-

ks
ot
)
ol

pater system bus and the elements of the acauisition un
providing the necessary timing control. It is to ensure that the
covrect anslog signal ( cheamnnel ) is selected and sawplied at  the
corvect time, initiates the A/D conversion process, signsls to
the computer on completion of conversion, as well as providing
for the modes of operation. The data acauisition operstion takes
in two modes:

a8} The BAIT/GO mode: -When the acguisition unit is activated the
conbrol  lodic causes the compubter to enter a wait sgstate, until
ithe conversion of the analog dats is completed,

b) The INTERRUPT mode: -Bhere on activation of the DAS, proc-
essing of the computer coatin&ég;ﬁuntii the control logic gener-
ates an interrupt for the computer indicating thst the conver-

sion of the anslog dats is cowmplete,
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1.6.11 ADDBESS DECODER : The decoder is a logic cirecuit that
identifies @hé each couwbination of the signals present at it's
inputs. This module of the DAS accepts input from the computer
via the address line (18-bit for a typical 8-bit wmicroprocessor:
which servedto select a particular snalog channel to be sampled.
Eg%‘ e. €., if the input to a decoder has two binary lines the
p

decoder will have four output lines. The two lines can asgume
four combinations of input sidnals- 88, 81, 12, 11 with esach
combination identified by the ocutput lines @ to 3. If the input
is 11 {in binary }, the output line 3 will be at logic one, sand
the other will remain at logic ©. This is called decoding. Var-
ious  tvpes of decoders are available ; 3 1o 8, 4 to 18 and 4 to
18, In addition, some decoders have active low output lines as
well as Enasble lines. The decoder will not function unless it is
enabled by s low signal.

1.6.12 PERIPHERAL URITS :The CPU communicates with the input-

cutput devices to accept or send data. The 1/0 devices are known

'

as yperviphersls. However, the memory is also inciuded in  this
term. Pervipheral units are the support eguipment to communicate
cowpuber operations to the outside world. These include the
cperator console where the programs ave entered and through which
commands can be given to initiate specific actions such as calou-
lstions and date oubtputs by the cowpuber. The console usually hsas
a CRT/kevboard and a tvpewriter unit for input and output. The

octher storage devices arve magnetic tape ebe.
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1.6.13 SIGRAL CORDITIONER : These equipments are used to match
the input requirement for the converter with the elecirical
output available from transducer or direct. The sidnal condition-—
ing equipment way be required to linear processes like amplifi-
cation, abtenuastion, cowmparison, integdration and differentiation.
They are slso regquired to do non-linear process like wmodulation,
demodulation, sampling, filterindg, clipping etc. Separste signal
conditioning is required for separate chammel.
i.8.14 COMPUTER : Computer works as suxiliary equipwment in  the
syostem. The development in the field of minicompubter have oom—
pletely revolutionized the field of logging. They provide much
higher scanning speeds, wmore sophisticated scaling, dreaster
mamber of operating functions in addition to on  line control
facilities. Minicouwputers & microcompubers are extensively used
in " Process Control Instrumentation 7.

The computer works as a central element in the system,
A1l control and sutomstic operstion of DAS is done by the com

puter through the necessary prograwmaing.

1.6.15 WOBKING OF THE SYSTEM : A block disgram of multichannel
DAS having single A/D converter preceded by a8 mltiplexer is
shown in fig. (1.1}, The individual analog signals from plant are
applied dirvectly or after signal conditioning to the wmultiplex-
er. For the chamnnel selection computer sends the address wvis
sddress— decoder Lo the multiplexer, which will comnect s partic-
ular input channel depending upon the decoder address. Here

instrumentation amplifier adjust its cutput with the input range
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of  the A/D converter. The ocutput of the amplifier through wmalti-
plexer is connected to the 5/H circuit. When the computer exe-
cutes the sample command, the control logic gives a sample signal

to the 5/B circuit. Be know that in the sample mode the 3/H

cireuit acauire the analog dats or it becomes btransparent to  the
snalog signal. The computer then initiaslize the A/D converter
module and dives a start conversion (SC) signal through control
logic. At the instant of this signal the 5/H circuit does in HOLD
mode, thus there is holding of sawmpled analog signal up to the
next sample pulse,

The 53/ circuit freeze the fast moving signals, so that
the level at a chosen instant can be converted to the didital
form. While getiting the 5C signal the A/D converter starts  its
conversion. When it finishes its conversion process, it sends out
an end of conversion (EOC) pulse. This pulse is read by the
computer ; computer enables the tri-state drivers through the
corbrol  logic and tri-state logic becomes able to transfer the
data on the data bus of the computer. The digital representstion
of anslog input sidnal is available on the computer data bus,
Computer process on the digital datae and send it to the output
peripherals. FPeripherals are like printers, CRT, or mewory for
storage purpose.

For next chamnel selection computer sends next address
to the maltiplexer and repesats the above mentioned procedure for
#ll selected channels.

Above all procedure is suitable for the plant, if it is

running smoothly. But sometime if the plant is running irregular-
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v then there is necessity to take control action for regulasrity
of  the plant. There is also necessity to take corrective action
in case of emergencies. This can be done by blocks which are
presen?ﬁy at the bottom of the DAS arrengement block disdram.
These are DAC, De-miltiplexer, Amplifier, Actuator, etc,

Above discussed method of data acguisition is relatively
slower than the systewms where 5ample‘&nd hold cutputs or even A/D
converter outputs are maltiplexed, but it has the obvious advan-
tage of having lower cost due to the sharing of a majority of
subsystems. In cases where signal variations are extremely slow,
sufficient scouracy in seassurement can be achieved sven without

the samplie and hold {(B8/H) circuit.

1.7 GSAMPLING

Mot sigonsls of practical interest, such as  speech,
hiclogical signals, ~radar signals, scolar signaels and various
comminication signals such as audic and video signals, are ana-
iog. To process anslog signals by didital wesns signals, it is
first necessary to convert them into digital form i.e. to convert
thew to a sequence of numbers having finite precision.  This
procedure is called A/D conversion, and the corresponding devices
are called A/D converters,

Analog to digitsl conversion is & bwo step process,
These are 1}y BSampling and

23 w@usntization and coding.

Basic parits of an anslog o didital (A/D} converters are given

in the fig. (1.7}, Sampling is the process of the conversion of a

o
e}

conbimious  hiwme signal into a discrete time signal obtained by
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X(n) TN Xa(t)
{
K X(n)=X,(nT)
e
t 012..eesavae 15
T 27 3Teeases.16T= nT
Fig., (1.8 b) Periodic Sampling of an analog signal,



taking "Samples” of the continucus time signal at discrete tine
instants.

Quantizastion is the conversion of a discrete time
continuous  valued signsl into 2 discrete time, discrete valued
{digital) signal. The value of each signal sample is  represented
by a value selected from a finite set of possible values. In the
coding  process  each discrete value i represented by s b-bit
oumber, which may be dencted as Xg(n}. The difference between the
un—quantitized sample X{n) and quantized oubput Kq(n} is called
guantization error.

There are many ways Lo sample an analog signal. But the
"Periacdic or iniform sawmpling” method is most often used in
practice. This iz described the relation

Moi=ka(nTy. ... .. ..... -—-00<n<oo

where X{ni=discrete time sidnals obiained by

"taking samples” of the analod sidnal Xg(t}
every T seconds.

This procedure is shown in fig. (1.8 a & b}. The time interval T
between successive samples is called the ssawmpling pericd or
sample  interval and its reciprocal 1/T7 = Fs is called the sam—
pling rate { samples per secornd ) or the sampling frequency (Hzi.
Periodic sampling establishes a relstionship between the time
variable t & n of comtimuous time & discrete time signals re-
spectively, Indeed, these vaviables are linearly related through
the sampling period T or equivalently, through the sampling rate

Fa = 1/7. as + = nT = n/Fa.

e,
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SAMPLING THEOREM : Given any asnalog signal, how should we
select the sampling pericd T or eguivalently, the sampling
rate Fg 7 To answer this guestion, we must have sone infor-
mation sabout the characteristics of the signal to be san-
pled. In particular, we wist have some general information
concerning the frequency content of the signal. Buch information
is generally available to us. For e.g., we know generally that
the wajior freguency components of a speech signal fall bellow 398
Hz. UOn  the other hand, television signals, in gdeneral ocontain
important frequency components up to 5 MHz., The informstion coon
tent of such sidnals is contained in the smplitude, frequencies
anud  phases of the various frequency components, On  the other
hand, detailed knowledge of the characteristios of such signals
is not available Lo us-prior to cbtaining the signals. In  fact,
the purpose of processing the sidnals is usually to extract this
detailed information. Bowever if we know the maximum frequency

content of the general class of signals {(e.g. the clagss of speech

-

signals, the class of video signals ete, )}, vwe can specify  the

sampling rate necesssary to convert the snalod signals to digital

If 811 the freguency components of analog sidnal arve
represented in sampled form without ambiguity, and hence the
analog sidnal can be reconstructed without distortion from the
sawple values using an appropriaste” interpolation { B/A con-

version b omethod., The appropriaste or ideal interpolstion formala

iz called the * SAMPLING THEOREM .
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PROOF OF THEOREM : 1If the highest frequency contained in an
anslog signal Xa(t) is Fumwax = B and the signal is sampled at a
rate Fs>ZFmax = 2B, then Xa(i} can be exactly recovered from its
samwple values using the interpolation function

g{t)y = sin 2 T Bt / 2 TY Bt NN S

Thus Xa(t) may be expressed as

00
= E Fal{n/Fs) g(t-n/Far ....{(2}

Xa(t}
n=-00
where Xa{n/Fs} = Ja(nT) =X{(n} sre the samples of Xa(tL}.
When the sampling of Xa(t) is done at the minimas sawpling
rate Fs = 2B, the reconstruction formala in eguation (2} becomes
o0 sinZTIB{(Lt-n/ 2B}
Ka{t}) = :E;K&(HJZB} ~~~~~~~~~~~~~~~~~~ e {3}
7= 00 ZYIB(t-n 2B}

The sampling rate Fp =2b=2 Fumax is called the MWYQUIST
RATE.
The NYQUIBT RATE is Fyp = 2 Fmax,

1.8 TYPES OF DAS

There sare wmany different types of DASs in the wmarket,
But according to their aspplications in the industries, these
svstems can be put in the three major catedories.
These are: 1} Handom channel DAS,

11} Farallel conversion DAS, and

111} Multiplexed DAS with memory.

12343
A



i} RANDOM CHANNEL DAS : Fig. (1.9} shows +the functional block
disgram of a random channel DAS. In this type of date scquisition
swotem, for selecting a particular channel, cowmputer addressed 1o
the multiplexer and analog maltiplexer set to the desired chan-
nel. The sample and hold circuit take the desired sidnal from the
wmaltiplexer sand hold it. Analog to digitsl converter digitized
this analog signal. After that resdy sidnal is passed to  the
computer data bus via tri-state bus drivers. If the incoming data
is 12-kit and the data bus is 8-bit, the data words wmust be
broken down into Z-bytes and addressed separately.
ADVANTAGES: Design of this DAS is simple, straightforward, and
comparatively low cosi.
DISADVANTAGE: In this system the compuitery must either enter a
wait mode while data is not ready or it can proceed with assigned
task but repeastedly loocking for a data-ready signal and return
for the dats.

This type of DAS can serve any part of the dsta sacoui-
sition market where the task of computer is light enough enter &
wait mode of data request. Buch a walt period could be as low as

13 to Zﬁ;us. The fast cowmponents that is sawmple and hold circuit
and A/D converter are very expensive., The lower cost systems may
require a wait pericd of 199 to Zﬁﬂ/us before data is available.
However, at the expense of more coumplex software, the computer
could  remain busy during the pericd of data presentationfawcmld

return for the dasta when mode ready availasble.

11} PARALLEIL. CONVERSION DAS : Fig.(1l.12) shows the block disgram
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of parallel conversion DAS. It requires 15 A/D converters, 16—
anti alias filters etce. This type of DAS does not requiriﬁ' the
sample and hold cireuitry. It requires only one sddress decoder,
these gll cutputs of the buffers are given ito the computer data
bus.
This system is based on the relative speed st which

changes oocur in the datayscanning rate can also be  increased

or decreased. The cost of the ASD converters has been reducing,

@

snd now a darys it is econcomically fessible to employ an ASD

5

ot

converter for esch analog input since each A/D  converter
assigned to an individual channel. For that chamnel there is =&
necessity  of faster A/D convertey., The reduced conversion rabe
means that using the lower cost 8/D converters and due to  that
the system oost may not be significantly different from the
random channel DAS.

ADVARTAGES :1} Bimplicity snd immediste dsta access.

2y It provides additional advantage in industrial data sacquisi-
tion systews where many strain gaudes, therumoccouples are distrib-
utesl over lavde plant aresa.

3% The snalod signals are digitized at the source, the digital
transmission of dets Lo the data center can provide enheanced

dmmanity  against line frequency and other grouri-loop interfer—

Q0

nCes.,

1ii)y MOLTIPLEXED DAS WITH MEMORY : The important characteristics
of +this DAS is that it contains a in built mewcry chip. This
memnory  chip is interfaced to the cowputer system in  the memory
sccess  mode without s wailt period. Fig.{(1.11} shows the block

diadram of maltiplexed DAS with uwemory. The restriction on  the
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bandwidth or data throughput rate exist mainly due to operating
times of ADC and 5/H cireuit. These can be overcome by using
sophisticated device available in the market. The miltiplexed DAS
allows the computer to operate in most efficient manner,
ADVANTAGES : i)} The total package cost of this system 1is  lower
than that of the paralilel conversion DAS. The reguired space
power and overall cost per cannel is lower.

11} There is s dedicated on—card EaAM (18%12), the system does
not requiriﬁf a special A/D converter designed with buffered
ocutput latches,

DISADVANTAGES - The accessed datas way be as much as 8989 microsec—
onds old compared to a8 possible 1.4 microseconds with parasllel

conversion,

COMPARISON OF THREER TYPES OF DAS -

S5r. Ro. Parallel Random Multiplexed with
cCONVersion addressed memory
i) 18-AD converter. 1-4/D conv- 1-a/0 converter,
erter.
i1} 16-anti-aliasing- 1-5/H module. 1-8/8 module.
filter.

131i} Control ciroeuits, i-sixteen channel -gixteen chann—
mwiltiplexer. el miltiplexer,

ivi Additionsal power I8—anti-aliasing 18-anti-alising

for extra converters. filters. filters.
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v} Lower data bandwidth. More complex One 18%12 BAM.

control circults.

vi} SBimple software, longer data access HBigh speed datsa
time; possibly access; simple
wore complex software,
software,

From this comparison we can say that DAS designs wmight
configure parallel conversion techniques, especially because of
the increasing trends in reduction of the monclithic ASD con-
verters, The multiplexed DAS with memory is simple in cirvoeunit and
software design.

1.9 SELECTIOR FACTORS OF DAS -

For choosing the data acquisition system selection fea-
tures such as conversion Lime, throughput, mumber of chammels,
srd  some other factors are easy to overspecify. But Qver~spaeeﬁ
DASs cost a lot of money. On the other hand under specified DASs
Aare A1B0 HBOGEY ﬁgsterg bhecasuse they will not do the job. Obvious-
1y, we must have some means for zeroing in on the specification
that are most relevant{pertinent? to the job.

Some  important factors for the selection of the DAS:
iy form of the DAS, 11} interfacing methods, 111} input voltage
rangs, ivy output coding and vi throughput rate and ssawpling
rate,

1} FORM OF THE DAS - The first jcb is to determine the form that
the DAL will take. If we are going to need a rack mounted DAS,

that casn be wmwounted with a wind or microcomputer cabinet. SBuch &
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system would often be cheaper in long run  than building an
egquivalent dats acquisition systewm from one of the other
products. In other cases, however we will want to buy a pre-umsde
printed cirouit board that is designed Lo plug into the microcom—
puter that we have selected or was selected for us. In still
other cases, we will want to buy either an intedrated cirenit or
hvbrid funcition meodule DAS and mount it on a PO board ourselves.
This is the feature that wquld be followed if we had a mﬁgﬁﬁgrﬁ@
computer or one that iz not popular to have atirscied the atten-
tion of the PC board DAS wmskers. We would aslso use this syvesbew if
the DAS was to be remcie or part of ancther instrument or system
and then only the data would be transmitied to the computer,

11} INTERFACING MRTHOD -~ In cases where the DAS is mounted inside
the computer, plugded into the computer bus, then it iz  probably
best to memory map the DAS. In this systen, the 8 to 18 channels
are trested as memory locstions, In some versions, only the
lowest channels need be specified because it uses the memory
address boundary systen., The DADS is locsted exactly st some 4k
boundary in the computer memory space channel panber 1 has  the
address of the boundary selected vwhile the remaining 15 channels
are automaticsally placed in the next 15 wmemory slots above the
boundary.

The second inbterfacing method, used where memory mapping
igs not possible, is to comnnect the DAS to & series of 10 ports.
This would be done in cases vwhere the memory is full or the DAS
is  remcite. It is not usually to good an idea to extend the data
and sddress buses of the microcomputer indefinitéij.

111} INPUT VOLTAGE RANGE ~ If the input voltage rangde is exces-—
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sive, then either ancther DAS must be selected or an  attenuator
provided between the signal source and DAS input channel. If, on
the other hand, signal level is too low for efficient use of the
admissible codes, then we mwist provide an awmplifier for that
channel. In some cases, it will be necessary 1o attenuate some
channels, amplify others, and leave rest alone. This necessity
points up the utility of DASs that contain built-in programaable
gain instrumentation amplifiers. When s channel is selected, then
the proper gain for that channel is also coranked intoe the DAS.
iv) QUTPUT QODING - Belect the outpult code asccording the needs of
the syatem. For exswple, we can use ordinary straidht binary for
unipolar systems., But if the analog signal is bipolar, then we
WIS either apply an offset voltisge that makes it uni-polsr or
provide the coding scheme that will account for the bipolasr input
voltage., There is more than one systew for representing bipolar
data and the one selected depends in parts on how é?ar}y‘need o
kuow the value is the exactly zmero.
v} THROUGHPUT RATE AND SAMPLING RATK - The conversion time,
throughoput rvate and sampling rate are all interrelasted parasme-—
ters.  There are cerviain constraints placed upon the sampling
rate. A well known theorew tells us thst the sample rate must  be
at  least the twice the highest frequency component in the wave-
form. For exsmple, if the Fourier series for the waveform has the
significant Tharmonics” fto 588 Hz, then a thousand samples per
second sampling rate is needed,

Throughput rate and sawpling rate can cost a  lot  of

MOTIEY If, we have a 18 KHz waveforms then it will be necessary



to have sowe very fast DACs. But, if wmost of the parameters in
the sysitem have much lower frequency cowmponent and only one or
two waveforms have a high frequency content, it might be wise to
use a low-rate DAS, and then buy a couple of faster AS/D  convert-
ers  to serve only the high frequency channels. Such a procedure
would usually be cheasper than specifying all 18 (or more) chan-
nels +o have the sawple frequency as needed for the single high

frequency charmel.

i.12 FACTORS REQUIRED FOR THE DAS DESIGH

Mumber of factors are reqguired for designing the data

acguisition system. Some imporitant factors are given below.

1} Sample and hold - The sample and hold is used +to keep the
analog signal constant while the A/D converter iz making the
conversion. This feature is especially needed on the successive
approximation form of data converter. Some systems will use &
series 5/H circuits, one sach for the snalog signals. This can be
done when the conversion time to make all 18 channels into digi-
tal form is too long for the rate of change of the varicus data
signals. This is especially necessary in some scientific experi-
ments, such as might be found in medical lsboratory.

Many of the parasmeters are interrvelated, and in fact it

@
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iz these correlations that the systewn user is seeking., In order

o make sure that correlated dats stays correlsted, it is neces-
seayy Lo sample all lines st the same time and then make various
A/D conversions., This procedure allows to have related snalog

data signals essentially converted at the same time. But this  is



not for free. In some cases, especially where a slow ASD convert-
er is used for the number of analog channels, we ses a phenomensa
called DATA CEEEP or DATA WALEK., It ccours because of the drop in
the sample/hold ocircuits. There is problem with all  capacitor
stored 5/H circuits is the slow discharde of the capacitor during
the store mode. If this drop is sufficiently larde, then we will
find that the data at the last conversion in the wmaltichannel DAS
is not as valid as the first conversion. We can test for CCREEEP
by connecting all  input to the sauwe sidnal source, and  then
sampling. If there is no creep, then A/D conversion process will
vield the saswme binary value for all parallel channels ( +/- 1 LBB

because of normal ASD uncertaintiesd.

2} Requirements of the computer - The microcomputers have certain
advantages over the other elecironic circuit methods is  attested
to buy the fact that so many are sold., The most obvious advantage

15 reduced
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ize, There are so pany advantages of the micorocomput-
er to the designing of the elecironic instrumentation like data
acaquisition system. One principal advantage of computer in DAS is

theat the drift of asnalog circuit is eliminated.

3} Software programming - There are software routines which will
required for the DAS, These routines are compatible with the
hardware programwming angd the other characteristicsn of +the DAS.
The programs may include delays waiting for the ADD to  complete

CONVersS1on,

4} Bardware programming - Data ascauigition system gives wany

0

oplions to Lhoe user for the I1/0 operations. These options include

[ 2
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a} Uni-polarsbipolar operations, by address selection, o}
swplifier gain, 4} differentiasl/single-ended operstion and obh-
ers. They are typically selected by Jumpers or switches between

ping of DAS or by the attachment of resistors as specified in the

specification sheet of the module,

by

5 Overall response time - A DAS does not provide the digital
conversion of data on & selected channel st the instant of the
selecticon  ocours. Bather, there is delay while the multiplexer
acauires the system channel, while amplifier selects 1o the value
ory the channel, and while the A/D converter performs the conver—
sion, This time will be important for the determination of the
maximain sampling rste from the DAS, Here the time may run from
tens of microseconds to hundreds of microseconds, depending o1
the number of bits converted, dains of the samplifiers, eéiﬁéié7
switching speed and how long it takes the computer to process the

value and how many other variable channels to be sampled.

1.11 APPLICATIORS OF DAS

Data acquisition systems are widely used in the larde
fields for a variety of industrial and scientific aress, includ-
ing the aercspace, biomedical and telemetry industries, Here use
of data acouisition system depends upon the application and
intended use of inpuit data to be recorded. According to the user
arplications area mnalog DASs and digital DASs are used separate-
iy, Some time it also necesnsary Lo uae/gfﬁ&na}@g snd digital DAS
for the same applicastion. But todavs moedern electronic DASs  can

perform thousands of measuremwents per second. DAS detect changes



smaller than one part in one willion and respond Lo those changes
less than (17198 ™0 of 5 second.
For understanding purpose DASs sapplications can  be
broasdly c<lassified in the three main categorietj ?here are S0
L

many applications belonging to these categories\are given below

SCIENTIFIC AND EDOCATIONAL APPLICATIORS :
1y In different remobte site meassurements like studies of larde
civil structures, measurements in open fields, remote weather
stations and test in moving vehicles,
11} In m&nuf&cturing)scientific research and development) Educa-
tion and wmilitary aerospace.
1311} Waveform diditizing, signal processing end analysis.
ivy Data scquisition, measurement and many analysis operastions,
IRDUSTRIAL APPLICATIONS :
i}y To wonitor the temperature and pressure of a process and
actuste slarwm when the limits are exceeded.
i1} Applications like

ay QOil, gas and electrical distribution,

b} Power plant control system,

¢} Petroleum and refinery system control,

a3 Chemical process control systems,

e} Humerical machine tool control systems and

£} Medical and instrumentation systems.
BOSINESS APPLICATIONS -
1} Used 1o check the performance on a production line or on &
maintenance facility. The sapriications vary from electronic

component testing such as cspacitor testing +to  large svystem



testing 1like +to check out all of the electronic systems on  an
aircraft.

11} Task on monitoring the temperature in a larde building or on
o1l refinery or the flammable gas concentration in & coal wnine.
Also  in medical field the task as patient monitoring ebo,

31311} Task sz monitoring at meny poinbs, the condition of a proc-
ess  or eguipment, for exawple; s miclesr reactor, asrodynamic
structure, rocket or et or internal combustion engine. In  other
words, use of multichannel DAS i.e., sach point to be wmonitored
mint be measured rapidly, one after the other, in seguence. RBach
measurement in digital form is recorded for lstter sccurate

analyvsis.
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