1

ENCYCLOPEDIA OF
MICROCOMPUTERS
EXECUTIVE
Allen Kent

EDITORS

James G. Williams

UNIVERSITYOF PllTSBURGH
PllTSBURGH. PENNSYLVANIA

ADMINISTRATIVE EDITORS
Rosalind Kent

Carolyn M. Hall

PllTSBURGH. PENNSYLVANIA

VOLUME 4

Computer-Related Applications:
Computational Linguistics to
dBase
MARCEL DEKKER,

INC.

.

Copyright @ 1990 by Marcel Dekker, Inc.

NEW YORK

and BASEL

DATA ACQUISITION SYSTEMS,
MICROCOMPUTER-BASED
INTRODUCTION
Data acquisition
is simply the process of collecting information that describes
a certain situation or physical phenomena.
Most industries
including manufacturers
and producers
of oil, food, energy,
medical, electronics,
steel,
and paper, use microcomputer-based
data acquisition
systems to control production, product quality management,
and research
operations.
There are
two types of data acquisition
systems:
real-time and control systems.
Realtime systems are used to record data and/or control a certain task within
a particular
time frame.
Control systems are used to execute a certain task
when the input data meet a specified criterion.
A typical application for a real-time data acquisition
system would be
the testing of qoncrete cylinders
to ensure conformance
with construction
specifications.
The cylinders
are loaded in axial compression
and the applied
load and axial deformation are recorded every second using a data acquisition system.
The recorded
data are used to determine the maximum compressive strength
and the associated
deformation for comparison with the specifications.
An example of a control system is the filling of cereal boxes.
The
boxes are moved along a conveyor belt and filled by a hopper to a preset
weight of cereal.
When the conveyor belt moves a new box under the hopper,
the data acquisition
system monitors the weight of the box and controls the
hopper valve and movement of the conveyor.
Another common application
of a control system is the household thermostat,
which turns on and off a
heating or cooling element at certain temperatures.
Data can be acquired using a variety of techniques
ranging from a
pencil and a piece of paper to space-age
telemetry systems.
However, the
widespread
use of microcomputers
over the past 5 years has brought drastic
changes in data acquisition
systems.
Microcomputers
offer very rapid sampling rates (500,000 samples/second),
reliability,
flexibility,
accuracy,
and
require fewer monitoring personnel.
Once data are obtained,
microcomputers
allow extensive
data reduction,
storage,
display,
report preparation,
and
communication capabilities.
Before the advent of microcomputers,
data acquisition
systems usually
consisted
of data loggers or analog recorders.
These devices were popular
because most data signals (temperature,
pressure,
flow, speed, and intensity)
are in an analog format and could be read directly.
However, the analog
recorders
could only be programmed
for a limited number of data channels
and data analysis techniques.
Since microcomputers
can only read digital
signals, it was not until the development
of an inexpensive
translator
which
could convert an analog signal to a digital signal, that microcomputers
were
used extensively
in data acquisition
systems.
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HARDWARE

The basic components of a data acquisition
system are shown in Figure 1.
The physical input is a physical quantity
(for example, temperature,
weight,
displacement,
pressure,
or quantity of flow) that is to be measured.
This
inpu t is referred
to as the" measurand. " A transducer
or sensor is used
to measure the measurand and usually has a signal-conditioning
device associated with it.
Transducers
transmit analog signals continuously
through
data channels to a multiplexer.
The multiplexer
selects which transducer
is
sampled at a particular
time and directs the proper analog signal to the
analog to digital (A/D) converter.
The microcomputer
controls the multiplexer and receives the digital data from the A /D converter.
The computer
processes
the data and sends it to an output device (mass storage,
video
screen,
printer,
graphics,
plotter,
modem, etc.) or uses it to control the
response
of another device.
Subsequent
sections will describe each component of a data acquisition
system in detail.
Transducers
An electronic transducer
into an electrical signal,

device converts
a physical response
which is proportional
to the quantity

Physical

or phenomena
of the meas-

Input

Tr ansducer(s)/Sensor(s)

Signal Conditioning

Multiplexer

Analog/Digital

Converter

Microcomputer

Control/Output
FIGURE 1 Schematic

Device(s)

diagram

of data acquisition

system.
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urand.
Several types of transducers
are available,
including thermocouples,
strain gauges,
pressure
gauges, and various displacement
sensors.
These
transducers
measure temperature,
force, pressure,
and displacement,
respectively, and are available in a wide range of capacities and sensitivities.
In
general,
the larger the range of capacity the lower the sensitivity
of the
transducer.
The relationship
between physical input and electronic response,
for
example, force and voltage, is expressed
using a calibration
curve.
The
calibration
is determined
by applying a known force to the transducer
and
measuring the resultant
voltage.
Usually the calibration
curve is linear over
a suitable range and a calibration
constant can be determined
from the slope
of the line.
Once the calibration
constant or sensitivity
has been established
the physical input (e. g., force) can be readily calculated from the output
voltage.
Figure 2 shows a typical calibration
curve for a force transducer.
The calibration
constant for the transducer
is O. 065 millivolts lIb and the
zero value is 1. 4 millivolts (mV).
Transducers
usually do not read zero mV
at zero force, and the amount of deviation depends on the construction
of
the device.
The zero value is subtracted
from the subsequent
measurements
to obtain the actual force applied.
For example, the force measured by the
transducer
shown in Figure 2 is calculated from the measured voltage (V)
using the following equation:
Force

(lbs)

= (V

- 1.4 mV)

( 1)

An ideal transducer
will exhibit a response
similar to that shown in
Figure 2. The response
shows complete linearity and no hysteresis
between
the measurand
and the output voltage.
The ability of transducers
to measure the desired physical parameter
and convert it accurately
to an electronic
signal is critical to a data acquisition
system.
Some factors to be considered
when selecting transducers
are listed in Table 1.

40

Calibration Constant.

0.066 mV/lb

ac

'6

III 20
CD
IX
:D

u
:J
"C
(/)
c
III

..
I-

./

100 Ibs

Zero Force'

1.4 mV

10

o

o

100

200

Force

FIGURE 2

Idealized

calibration

300

400

600

Applied. pounds
curve

for

a force

transducer.

600

Data Acquisition

200
TABLE 1 Transducer

A.

Selection

Transducer
input /output
Accuracy
Repeatabili ty
Linearity
Sensitivity
Resolution
Friction
Hysteresis
Threshold/noise
level
Stability
Zero drift
Loss of calibration

C.

with time

Purchase
Availability
and delivery
Any development
necessary
Price

Signal

to be measured)

relation

Overall system
Output characteristics
Size and weight
Power requirements
Accessories
needed
Mounting requirements
Environment
of transducer

D.

Microcomputer-Based

Considerations

Characteristics
of the input variable
Range (maximum and minimum values
Overload protection
Frequency
response

B.

Systems.

location

for operation

Conditioning

Signal conditioning
is used to modify the output from a transducer
to increase the precision of the measurement.
Signal conditioning
is divided into
two categories:
active and passive conditioning.
Active signal conditioning
includes signal amplification and isolation while passive conditioning
includes
voltage division and filtering.
The most important type of signal conditioning
is filtering.
Filtering
is used to separate
desired signals from undesired
signals of "noise."
Noise
can

be

attributed

to a variety

of items

including

radio/TV

interference,

AC

power sources (60 Hz hum), machinery,
long electrical leads, loose connections, poor grounding,
and faulty devices.
Noise distorts the actual signals
and lor causes the signal to fluctuate,
which makes data interpretation
very
difficult.
Electronic filters are employed to exclude the frequency
spectrums
that are contributing
the signal noise.
Isolators are used to separate desired signals from unwanted signals and
provide equipment protection
against high voltages and ground-loop
interrup-
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tion.
Several types of isolators are available and they are chosen based on
the voltage and signals that need to be isolated.
Provided all devices are fully functional,
the major source of signal
noise is improper grounding
of the signal wires.
All signal wires should be
wrapped in a shielded cable.
The shield or ground should accompany each
signal wire(s) throughout
the system and be grounded at one end.
Connecting
both ends of the shield to a ground can result in significant
error by inducing ground-loop
currents.
Noise can be further
reduced for differential
(:!:) outputs if the AID converter
can read three wires rather than the conventional two wires.
The additional wire is a ground which enables the AID
converter
to read ground between each reading and thus provide a sink to
drain any residual voltage or noise.
Most AID converters
can only process voltages ranging from 1 to 10
volts.
Transducer
signals that are less than one volt need to be amplified.
It is essential that the amplifier have a power supply that provides a constant output with minimal noise.
If the power supply is "noisy,"
the
desired and undesired
signals will be amplified simultaneously,
producing
data that is very difficult to interpret.
If the transducer
signal is greater
than 10 volts, the signal must be divided using resistors
to scale the
voltages down to the acceptable
range.
In summary, proper signal conditioning
is extremely important to the
acquisition
of high-quality
data.
The capabilities
of existing signal-conditioning equipment are limited and it is anticipated
that additional research
and
development
will be conducted in this area.
Specifically,
the development
of better signal filters and noise rejection devices should be stressed.
These
new devices could be incorporated
directly into the A ID converter.
This
would significantly
improve the accuracy of the conversions.
Multiplexer
The multiplexer
(MUX) or scanner is a switching device that allows two or
more transducers
to be read by one amplifier and one analog to digital converter.
Generally,
the multiplexer
is controlled by microcomputer
software
which switches control from one data channel to another at specified times
or specified inputs.
A diagram illustrating
the multiplexer
system is shown
in Figure 3. The advantage
of the multiplexer
is that the user does not
have to purchase
multiple AID converters
if multiple transducers
are to
be monitored.
Analog

to Digital

Converter

The A ID converter
is a binary encoder,
that converts
the transducer
output into the corresponding
binary value which can be processed
by a digital
computer.
Once the signal has been converted,
it is less susceptible
to
degradation
by noise.
Therefore,
it is extremely important to convert the
signal in as close proximity to the transducer
as possible and transmit a
digital signal throughout
the remainder of the system.
The precision of the analog to digital conversion
is a function of the
number of bits available and the range of input voltage.
The resolution of
A ID converters
can range from 8 to 16 bits, with 12 being the practical
minimum for most data acquisition
applications.
The resolution
of AID converters
can be calculated using Eq. (2).
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Multiplexer
Input
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Transducerls)
1
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3
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4

4
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n

FIGURE 3

Schematic

diagram

of a multiplexer.

V

Resolution

=~

(2)

2n
where
Vfs
n

= full-scale

= number

voltage
of bits

range

Using Eq. (2), the resolution
of a 12-bit converter
connected to a transducer
with a full range of 10 volts (:!: 5 V) would be 0.0024 volts.
A 16-bit converter would give a resolution of 0.00015 volts.
In general,
increasing
the
resolution
increases
the cost and decreases
the speed of the AID converter.
Therefore,
the requirements
of the converter
should be considered
carefully.
The A ID converter
can interface
with a microcomputer
by direct connection to the computers internal bus, or through the external communication
channels such as the RS-232, RS-422, or the IEEE-488.
The advantages
of
the internal A ID converter
include high speed, low cost, and smaller size.
The speed is significantly
faster because the data does not have to travel
through the slower external communication channels.
The cost is also reduced because the internal converter
does not require its own power supply.
The advantages
of the external converters
include the flexibility to configure
any size of data acquisition
system, the ability to move the converter
to a
remote location and transmit a digital signal back to the computer,
and the
ability to connect the converter
to any computer having an external communication channel.
Catalogs featuring
A ID converters
can be obtained from the manufacturers listed in the references
[2-5].
The converters
are readily available
and range in price from hundreds
to thousands
of dollars.
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Microcomputer
The microcomputer
controls and directs the flow of data from the transducers
to the final storage and/or display destination.
The computer gives you the
flexibility to decide how this will be done within a wide range of system
parameters.
The major factor affecting data acquisition
is the rate at which
the computer can transfer
data.
The fastest method for collecting data is
to read it directly into the conputer's
random access memory (RAM).
However, the amount of data that can be read is limited by the amount of RAM
available.
The storage of one numerical value requires
8 bytes of RAM.
Therefore,
a microcomputer
with 640 kilobytes of RAM can store approximately 65,000 readings.
However, if the data stored in RAM is not written
to a permanent
storage device, it will be lost when the computer is turned
off.
A slower, but more practical.
method of collecting data is to store it
directly on a permanent
storage device such as a floppy disk, a tape drive.
or a hard disk.
In general.
hard disks have the fastest access time (2565 msec) and the largest storage capacities
[20-150 megabytes
(Mbytes)].
Tape drives have sin:ilar storage capacities but their access times vary from
90 to 100 milliseconds.
and the accessibility
of the stored data is somewhat
limited.
Floppy disks are very popular and inexpensive;
however,
their
access times are approximately
8 to 10 times slower than hard disks and their
storage capacities are currently
limited to 1.44 Mbytes.
Hard disks are
very versatile
and readily available and are recommended for permanent
data
storage.
Unless the microcomputer
is capable of multitasking.
that is. has the
ability to perform simultaneous
operations.
the computer must stop sampling
to write the data to a storage device.
Generally.
data are collected in RAM
and then written to storage at a convenient
time or at a certain input.
The
new microcomputers
based on Intel's 80386 microprocessor
are capable of
multitasking
which allows the simultaneous
acquisition,
processing,
and storage of data without interruption.
For this reason the 80386 microprocessor
will likely become the standard
for data acquisition
systems in the near
future.
Peripheral

Devices

Peripheral
devices are used for data processing
and display.
The most
commonly used peripheral
devices are the video monitor, graphics printer
and plotter.
and a comn:unication device.
The monitor should be capable of
displaying
graphics using a variety of colors.
The printer is essential for
obtaining a hard copy of all or part of the data.
Dot matrix printers
are
inexpensive
($150-750)
and capable of fulfilling most requirements.
However.
if fast report-quality
text and graphics are desired,
a laser printer
($15003000) is recommended.
A graphics plotter ($1000- 2000) can also be used
for report-quality
graphics.
A communications
device such as a modem or
a network interface
are very useful in transferring
data to mainframe computers or other networked
microcomputers.

DATA ACQUISITION

SOFTWARE

The performance
of a data acquisition
system is largely dependent
on the
software controlling
the multiplexer.
A/D converter,
and the output/control
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devices.
The use of microcomputers
in data acquisition
systems has enabled
users to write programs specifically
designed for their own purposes.
The
programs can be easily coded using program languages
such as BASIC, C,
PASCAL, or FORTRAN.
In most cases, manufacturers
provide software with
the data acquisition
system to allow users to immediately install the system.
The software usually consists of a series of utility programs that allow the
user to record the date, time, and the associated
digital inputs.
The
utilities will also allow the data to be stored on a permanent
disk and display the data graphically
on a video screen.
The utilities are very limited
but they allow the user to get the system operational
and determine what
parameters
are important.
Once the system requirements
have been determined a specialized commercial software package can be purchased.
There are two main classes of commercial software packages available
for microcomputer
systems:
program development
tools and function libraries,
and complete integrated
packages.
Program development
tools and function
libraries
are designed to aid users in the coding of their own control software.
The tools and libraries
include routines or "drivers"
that control
the input/output
functions of the multiplexer
and A/D converter.
The
drivers are written in popular program languages
and can be readily incorporated into the users' programs.
The ability to write application-specific
software adds a large degree of flexibility to the data acquisition
system.
Integrated
software packages,
also referred
to as "turnkey"
packages,
range in applications
from simple data collection and storage to specialized
graphics and statistical
reduction.
The packages usually require no programming and are directed toward a specific application.
The packages are
usually menu driven and have on-line help features
which make the system
very easy to use.
Two examples of the integrated
packages include LABTECH
Notebook (c) developed by Laboratory
Technologies
Corporation
[6] and
LOTUS Measure (c) developed by Lotus Development Corporation
[7].
Both
of these packages support multitasking,
real-time data acquisition,
process
control,
graphics display,
continuous
storage of data on disk, and curvefitting routines.
However, these packages do not allow a large degree of
flexibility.
Most forms of data acquisition
software allow data to be stored on permanent storage deivce in the American Standard
Code for Information Interchange (ASCII) format.
This is very significant
because most commercial
spreadsheet
programs can read ASCII files.
This allows users to access
the many capabilities
of a spreadsheet
including data and file manipulation,
publication -quality graphics,
and report generation.
The data manipulation
features
allow the user to easily incorporate
transducer
calibration
factors,
perform unit conversions,
and use statistical
functions
such as average and
standard
deviation.
Spreadsheets
can produce report-quality
graphics
with
a few keystrokes
and can incorporate
the graphics into a word processor
which greatly facilitates report production.
The authors currently
are
using the utility software provided by the A /D converter
manufacturer
to
record and store data on a hard disk, and then are using a spreadsheet
program to process and display the data.
One of the most important features
provided by a spreadsheet
is the
macro programming
language.
Spreadsheet
macros are a set of preprogrammed
commands or keystrokes
that are coded into the spreadsheet
and executed
by the user.
The macro programming
language is a full-featured
language
that supports
the use of subroutines,
iterative looping, conditional logic.
and error trapping.
The macros can be executed in a batch mode or inter-

.
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actively.
The macros are coded by just recording
the keystrokes
you would
use to carry out a specific function.
Macros can perform the calculations
required
to incorporate
the calibration factors,
condense the data to presentation
size, perform statistical
analyses,
and create pUblication-quality
graphics.
The authors are using
macros that prompt the user for the calibration
factor(s)
and the unit conversion factor(s)
and performs these calculations
when the data file is loaded.
Macros can also screen or filter the data file.
A potential problem of
data acquisition
systems is the large amount of data that can be recorded
during a test or operation.
Data acquisition
systems can be programmed
to
record 500,000 measurements
per second, resulting
in data sets that are
extremely large.
The authors are using a macro consisting
of a series of
conditional
statements
to delete readings
that are not significantly
different
from previous readings.
The requirements
of the conditional statements
are
controlled to ensure data is not deleted during the critical parts of the test
or operation.
This process reduces the data file to a n:anageable size which
facilitates
the processing
and plotting of the data.
In the near future,
it is anticipated
that a significant
amount of research will be devoted to developing better data collection software.
Data
collection software should be able to intelligently
decide what data are significant and disregard
the rest.
This will greatly reduce the amount of
storage required
and facilitate the data manipulation
and the presentation
processes.

SUMMARY
During the past five years,
microcomputer-based
data acquisition
systems
have been supplanting
analog recorders
and manual forms of data acquisition
at an astonishing
pace.
The microcomputer-based
systems provide a more
complete and reliable set of measurements
than the previous
recording
techniques and can operate for extended
periods of time without supervision.
These systems are very flexible and can be easily programmed
to monitor
a variety of operations.
The main component of a microcomputer-based
data acquisition
system is
an analog to digital converter,
which translates
the outputs from a transducer
or sensor to a binary value which can be read by the computer.
Once recorded,
the data can be processed
and displayed
graphically
or can be used
to control the operations
of other devices.
The data is processed
using
software written by the user, comrr.ercial data acquisition
software packages,
or a commercial spreadsheet
prograrr..
In light of the benefits provided by microcomputer-based
data acquisition systems,
it is anticipated
that their acceptance
will continue to grow in
the public and private sectors.
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