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Introduction


This brief
study will look at the overall data acquisition process (Capturing
Data, Signal conditioning, Data transmission, Data conversion and
Information processing) as well as focusing in on a few important
fine details, predominately Analogue to Digital and Digital to
Analogue conversion.


Included at the
end of each chapter are research and study tasks making this book
suitable for both personal and group study.


Basic
electronic (Analogue and Digital) and computer programming
understanding is assumed.


Back to
Contents


[image: tmp_5510ef59f85a9a23a9e90ac241e0f59e_z6HwsR_html_m5eab9ffa.jpg]

Data Acquisition
Overview


With the advent
of automation and subsequent electronics in the manufacturing
industry, the field of “Process monitoring and control” came to the
front.


In its basic
from it could simply be the monitoring and identification of a
state. For example, monitoring the state of a switch and turning a
light on or off accordingly.
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Figure 1 – Data
acquisition flow.


In a more
advanced “closed-loop” situation it could involve multiple sensor
inputs, complex computer logic and decision making software with
feedback providing automated adjustments to the original
process.


The block
diagram below shows the typical sequence of a Data Acquisition
system (DAQ) with active feedback.
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Figure 2 – DAQ Active
Feedback.


The sequences
in more detail are:


A) Process. Refers to the actual activity that
is occurring. This could include things such as furnace control,
robotics, waste disposal etc. The Process will likely contain
internal transducers monitoring the process activities which in
turn feedback to set-point controllers which adjust the process as
required. This closed loop system is not totally isolated though
and can be overridden or adjusted by the computer controlled DAQ
system.


B) Transducers. Monitor the activities of the
process and take readings and results of such activities. This
could include temperature readings, position, speed, frequency,
radiation etc.


A sensor is any
transducer that can convert a real world variable such as
luminance, radiation, chromaticity, altitude and electromagnetism
into a signal suitable for logic processing. This signal is
typically electrical in nature although logic/information could
also be represented by mechanical or other means such as
pneumatic.


Sensors come in
all shapes and sizes and play an important role in any Data
Acquisition system. More recently with the advent of
miniaturization in electronics, sensors are coming with basic
built-in signal conditioning capabilities.


C) Signal Conditioning. As transducers vary in
construction and operation, signal conditioning is required to
translate the readings taken by the transducers into consistent and
reliable information. This would involve filtering out unwanted
noise, signal amplification, signal isolation, signal conversion
and such.


D) Data Acquisition. This process involves
converting the strong & clear signal from the signal
conditioning unit into a suitable protocol or format that the
processing logic will be able to understand & operate upon.
This normally involves A/D conversion and setting of appropriate
TTL levels.


The Data
Acquisition System function is usually accomplished by a plug-in
DAQ board that slots into computers PCI or USB slot, although
standalone boxes that communicate to computer networks via ethernet
or wireless are also available.


The main
function of this logic is to accept the signals coming from the
field, converts them to a computer friendly format (analogue to
digital) and passes them onto the computer via the bus. Because
more than one signal may be arriving from the field, the DAQ
functionality would also include a multiplexer.


E) Process Control. This step is typically
computer based logic. The logic analyses the data and makes
decisions based upon the software provided.


Computers of
today are advanced enough to handle the various tasks and duties
required at a rate fast enough for even the most complex of Process
control systems. The computer can be linked to a network of other
computers for communication to other systems, or used as a stand
alone system.


The universal
nature of computers make them suited to controlling alarms, mass
storage devices, output peripherals such as printers and multiple
inputs such as from operator consoles in the field. The obvious
component that is also essential for operation is the Process
Control software, such as National Instruments LabVIEW.


F) Feedback / Data Output System. True DAQ
systems also provide facilities for feedback into the Process.
Without the feedback it simply becomes a process monitoring system
rather than a process control system. This logic would normally sit
on the same card as the DAQ system. Its main function is to relay
the signals the computer wishes to pass onto the
process.


As DAQ and
process control logic is typically performed in a digital format,
any signals that are supplied in an analogue form need to be
converted, hence the inclusion Analogue to Digital Converters
(ADC’s). As more than one sensor input is usually expected, the
inclusion of a multiplexer is required.


The feedback /
Data Output System follows the same method but in reverse –
De-multiplexer feeding the appropriate number of Digital to
Analogue Converters (DAC’s). Note: Some of the feedback information
may not need to be converted into an analogue form and could be
supplied back to the process untouched.
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Figure 3 – Multiplexer
& De-multiplexer applications..


TASK 1: Describe two applications of a Data
Acquisition System you are aware of..
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What Are We
Measuring


Data
acquisition systems are used extensively throughout industry to
measure various quantities used within process control systems.
These quantities can include many different types such as:


- Temperature. Measured in Degrees Celsius,
Degrees Fahrenheit or Kelvin. It is a measurement the atomic energy
of a material. The more energy the particle has, the quicker the
elements of that particle are moving resulting in greater heat
content.


- Frequency. Measured in Hertz (Hz) but more
commonly in the units Kilohertz (kHz) or Megahertz (MHz). Hertz
basically means cycles per second. For example a computer gamer
pressing a controller button 10 times a second has his finger
operating at 10 Hz. Eventually his finger will Hurtz!


- Time. The unit of time that is used varies
depending on the type of measurement taking place. If the process
is slow such as temperature fluctuations time may be measured in
minutes or hours. If it is a quick quantity such as frequency it
may be measured in smaller units such as seconds or even
milliseconds.


- Voltage/current. These common electrical
quantities are usually measured in their standard unit Volt/Amps or
millivolt/milliamps. Volts refer to the potential energy difference
between two points and amps refer to the amount of electricity
(electrons) that are moving.


- Sound. Sound is measured in power. Decibel
(dB) is a description of the ratio between one sound pressure level
and another. This is a non-linear unit and follows an exponential
curve. i.e. 80dB is more than twice as powerful to the ears as
40dB. The formula is dB = 10 log (p1/p2).


- Humidity. Humidity is the amount of water
vapour in the air and can be described in different ways such as
"relative humidity" which is the term used most often in weather
information meant for the public. Relative humidity is the amount
of water vapour actually in the air divided by the amount of water
vapour the air can hold.


Relative
humidity is expressed as a percentage and can be computed in a
variety of ways. One way is to divide the actual vapour pressure by
the saturation vapour pressure and then multiply by 100 to convert
to a percent. Absolute humidity is the mass of water vapour in a
given volume of air.


- Acceleration. Acceleration is a composite
quantity in that it is made up of two other quantities – speed and
time. Acceleration is a measurement of the change in speed over a
unit of time, giving it the common unit meters per second per
second. This is interpreted as meaning the change in speed (meters
per second) per second.


- Pressure. Pressure is the force acting on a
particular object whether it be gas, liquid or solid. The unit for
pressure is the Pascal (Pa) which is equal to one Newton per square
meter (N/m2 or kg·m−1·s−2).


- Flow. Flow is the rate of movement of an
object, whether it be a gas, liquid or solid.


- Light. Light is technically electromagnetic
radiation. The light we are familiar with is in the frequency range
that we can actually see (400-700×10−9 m). Light can be measured by
numerous means such as energy, frequency, radiosity etc but the
most common form is Radiant Flux which has the unit “Watt”. Light
is currently travelling just under 300 million meters per second,
but experiments indicate it is slowing down.


- RF. Radio frequency is the oscillation range
between 3 kHz to 300GHz. High powered RF can cause damage to the
human body.


- Radiation. Radiation is the movement of
electromagnetic waves. There are different categories of radiation
based on the frequency and source. For example Alpha radiation
consists of Helium-4 nuclei, Beta radiation is energized electrons,
and Neutron radiation are free neutrons. Radiation is typically
measured in electron Volts (eV).


- Wind. Wind is the movement of gas. In its most
common form it relates to the movement of air on the surface or
earth but it can also refer to other gases such as solar wind which
is made up of charged particles from the sun. It is usually
measured in kilometres or miles per hour by devices such as
anemometers.


TASK 2: Cite at least 2 more Quantities not
already mentioned, along with a brief description?
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Capturing Data


Each of these
quantities mentioned need some kind of sensor to measure the
quantity. Obviously with the range already mentioned above there
will be a vast array of sensors available. Four example quantities
are listed below along with common sensors used to measure their
levels.


1)
Temperature


- Thermometers. Relies on the expansion of a
liquid, usually mercury, in a scaled tube. The liquid in glass
thermometer was developed in the 1630s but at the time a universal
standard of temperature did not exist. Each scientist had his own
scale divisions often based on different reference points. Two
standards were developed by Daniel Gabriel Fahrenheit (1686-1736)
and Anders Celsius (1701-1744).


- Thermocouple. Based on the principle that if
two dissimilar metals are joined (forming a cold junction) a
predictable voltage (Seebeck) will be generated that relates to the
difference in temperature between the measuring and reference
junctions.


The voltage
rise with temperature is non-linear and is calculated by Dv=Dt x
Seebeck Coefficient. These are the most commonly used sensors
within industry because of their cheap cost, ease of installation,
no need for external excitation and wide temperature range.


- Integrated circuit. The LM35 series IC is a
p-n junction integrated-circuit temperature sensor whose output
voltage is linearly proportional to the Celsius temperature. They
provide accuracies of ±¾°C over a -55 to +150°C temperature range
(limited due to silicon IC nature).


The LM35's low
output impedance and linear output make interfacing to readout or
control circuitry especially easy. It can be used with single power
supplies, or with plus and minus supplies. As it draws only 60 µA
from its supply it has very low self-heating, less than 0.1°C.


2) Flow


- Venturi (differential pressure). Fluid (water,
air, gas) flowing through a Venturi tube from one end to another
results in the velocity increasing and pressure dropping. The drop
in pressure can be measured at these points. Performing basic
calculations on the difference results in the flow rate being
discovered.


- Vernier Propeller (electromagnetic). The
vernier flow rate sensor measures the velocity of flowing water or
other high viscosity liquid. When placed in the stream the liquid
flows against the blades of an impeller causing it to turn. The
faster the flow, the faster the impeller turns.


A bar magnet
rotating with the impeller triggers a reed switch with each half
rotation. The reed switch sends a pulse to the signal conditioning
circuitry where the pulse is converted into a voltage that is
proportional to speed of rotation and hence the flow rate.


- Ultrasonic. Operates on the principle of
transit time differences. An acoustic signal (ultrasonic) is
transmitted from one sensor to another. This can be either in the
direction of flow or against the direction of flow. The time
(transit) that the signal requires to arrive at the receiver is
then measured. The difference in the transit time is directly
proportional to the velocity of flow for a given fluid.


3) Speed


- Radar. Operates by transmitting radio waves at
certain frequencies. A portion of the beam reflects from the target
and returns to the radar. If the target is moving, a measurable
change in frequency occurs (Doppler shift). The radar converts this
shift and determines target speed.


- Laser. Laser speed guns transmit short bursts
of invisible light which bounce off a target vehicle and return to
the laser gun. The laser's biggest selling point is its narrow beam
-only about 1 meter wide at 330 meters, providing very accurate
target identification (In comparison radar’s beam is about 80
meters wide at 330 meters).


- Speedometer. The speed indication of an
analogue speedometer works on the magnetic principle. It includes a
revolving permanent magnet driven by the cable connected to the
transmission. The cable is connected to a gear at the transmission
which is designed for a specific model, tire size and rear axle
ratio.


The magnet sets
up a rotating magnetic field which exerts a pull on the speed cup
making it revolve in the same direction. The movement of the speed
cup is slowed and held steady by a spring attached to the spindle
of the speed cup.


The speed cup
comes to rest where the magnetic drag is just balanced by the
retarding force created by the spring. As the speed of the
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