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Sensors? Transducer?

A device which converts one form ol energy to another
American National Standards Institute

X . . . . When input is a physical quantity and output electrical — Sensor
— A device which provides a usable output in response to a specified measurand ek payncalq ) P >

When input is electrical and output a physical quantity — Actuator

Input Signal Output Signal
ppy Sensor — \ c.g. Piezoelectric:

. » > Wi o
Sensors Actuators Force -> vollage

A sensor acquires a physical quantity and converts it into a signal Physical Electrical Voltage-> Force

. A . . . hysica - -
suitable for processing (e.g. optical, electrical, mechanical) parmeter Input
* Nowadays common sensors convert measurement of physical !
. . . = 1J| 1
phenomena into an electrical signal Ml Ulemsound!
* Active element of a sensor is called a transducer eea EUSICA Microphone, L caker
MepBUHHMIi nepeTBOpIOBaY Output Output Microphone, Loud Speaket
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Commonly Detectable Phenomena

. Biological

. Chemical

. Electric

. Electromagnetic

. Heat/Temperature

. Magnetic

. Mechanical motion (displacement, velocity,
acceleration, etc.)

. Optical

. Radioactivity

Common Conversion Methods

* Physical

—thermo-electric, thermo-elastic, thermo-magnetic, thermo-optic
—photo-electric, photo-elastic, photo-magnetic,

—electro-elastic, electro-magnetic

—magneto-electric

* Chemical
—chemical transport, physical transformation, electro-chemical

« Biological
—biological transformation, physical transformation

Commonly Measured Quantities

[oET 1114%

Acoustic Wave (amplitude, phase, polarization), Spectrum, Wave
Velocity

Biological & Chemical Fluid Concentrations (Gas or Liquid)

Electric Charge, Voltage, Current, Electric Field (amplitude, phase,
polarization), Conductivity, Permittivity

Magnetic Magnetic Field (amplitude, phase, polarization), Flux,
Permeability

Optical Refractive Index, Reflectivity, Absorption

Thermal Temperature, Flux, Specific Heat, Thermal Thermal
Conductivity

Mechanical Position, Velocity, Acceleration, Force, Strain, Stress,

Pressure, Torque

Physical Principles: Examples

* Amperes’s Law

— A current carrying conductor in a magnetic field experiences a force (e.g.
galvanometer)

* Curie-Weiss Law

— There is a transition temperature at which ferromagnetic materials exhibit
paramagnetic behavior

» Faraday’s Law of Induction

— A coil resist a change in magnetic field by generating an opposing
voltage/current (e.g. transformer)

* Photoconductive Effect

— When light strikes certain semiconductor materials, the resistance of the
material decreases (e.g. photoresistor)

Choosing a Sensor

Environmental Factors Economic Factors  Sensor Characteristics
Temperature range Cost Sensitivity

Humidity effects Availability Range

Corrosion Lifetime Stability

Size Repeatability
Overrange protection Linearity
Susceptibility to EM interferences Error

Ruggedness Response time

Power consumption Frequency response

Self-test capability

Need for Sensors
* Sensors are pervasive. They are embedded in our
bodies, automobiles, airplanes, cellular telephones,
radios, chemical plants, industrial plants and countless
other applications.

» Without the use of sensors, there would be no
automation !!

— Imagine having to manually routine operations




22.09.2020

General purpose of sensors

When we defined the notion “System” we meant electronic (or electric)
system.

However Input and Output quantities can be nonelectrical quantities. In
majority of cases...

Sensor (BumiptoBanbHMiIN NnepeTBoploBaY, Aatunk) converts different
nonelectrical signals into electrical. Also: transducer.

There can be Input transducer and Output transducer.

Examples:

— A microphone converts oscillations of pressure (mechanical signal) into voltage
— an input transducer (SENSOR)

— A direct current motor converts voltage of the direct current into mechanical

. Resistive

Motion Sensors — * e
* Monitor location of various parts in a system )
— absolute/relative position
— angular/relative displacement
— proximity
— acceleration
 Principle of operation

— Magnetic, resistive, capacitance, inductive, eddy current,
etc. Potentiometer

Shalt swch CrepxeHy
ea \
onopa p\?\?w !M/.‘( pyuKa)

Primary Secondary

’ ] ”
force — an output transducer (ACTUATOR) " =i | -
« Normally input transducer — is a low power device (e.g. 10) while output | = . <V -
transducer can be high power (W, kW). But it is not a rule, e.g. MEMS - | o 3
s A Optoisolator
Microelectromechanical systems. i |
LVDT Displacement Sensor
Structure of a system with sensors Structure of a system with sensors
* Moreover, we can also find a sensor in the feedback loop, e.g. tachometer in Electronic feedback system
the speed control system. Feedback
Electronic part [«<— transducer
(sensor)
* One can represent a system that consists of electronic part and sensors:
Input Input Output
—>1{ transducer Electronic part > transducer
Output
(sensor) (actuator)

Electronic open-loop system (without a feedback)

Input Input Output Output
—>| transducer |——>{ Electronicpart |—>| transducer |—>
(sensor) (actuator)

* Asensor in the feedback loop. Such sensor is similar to an input sensor.

* Note: When we are talking about electric signals or parameters, we are not limited
by voltage or current intensity. A system can have a sensor, which converts
geometric angle into the phase shift, or a change of temperature into the change of
resistance that then will be transformed into voltage, etc.

* Almost any physical property of a material that changes in
response to some excitation can be used to produce a sensor
— widely used sensors include those that are:
* resistive
* inductive
* capacitive
piezoelectric
* photoresistive
* elastic
* thermal.
— in this lecture we will look at several examples

Describing Sensor Performance

* Range
— maximum and minimum values that can be measured
* Resolution or discrimination
— smallest discernible change in the measured value
e Error
— difference between the measured and actual values
* random errors
. systematic errors
* Accuracy, inaccuracy, uncertainty
— accuracy is a measure of the maximum expected error
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* Precision

— a measure of the lack of random errors (scatter)

' Actus] value ;
* e/ Readings pr i
X
X
- - %
X o
X
(1) Low precisian, ) High precisian, (<) High precisian,
low accuracy o accuracy igh accurasy

¢ Linearity
— maximum deviation from a ‘straight-line’ response
— normally expressed as a percentage of the full-scale value
* Sensitivity
— a measure of the change produced at the output for a given change
in the quantity being measured

Temperature sensors

* Resistive thermometers

— typical devices use platinum wire (such a device is called a platinum
resistance thermometers or PRT)

— linear but has poor sensitivity

Y

P

A typical PRT element A sheathed PRT (Platinum resistance thermometer)

* Thermistors
— use materials with a high thermal coefficient of resistance
— sensitive but highly non-linear

]

A typical disc thermisto il A threaded thermisi

* pn junctions
— a semiconductor device with the
properties of a diode (we will
consider semiconductors and

— inexpensive, linear and easy to use
— limited temperature range (perhaps

Light Sensors

* Photovoltaic

— light falling on a pn-junction
can be used to generate
electricity from light energy
(asin a solar cell)

— small devices used as sensors
are called photodiodes

— fast acting, but the voltage

diodes later) \ 1

-50°C to 150 °C) due to nature of
semiconductor material

pn-junction sensor

produced is not linearly related
to light intensity A typical photodiode
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* Photoconductive

— such devices do not produce
electricity, but simply change
their resistance

— photodiode (as described

earlier) can be used in this way ,//
to produce a linear device /_/

— phototransistors act like oo
photodiodes but with greater o
sensitivity <

— light-dependent resistors (LDRs)
are slow, but respond like the
human eye . )
A light-dependent resistor (LDR)

Force Sensors

* Strain gauge
— stretching in one direction increases the resistance of the device,
while stretching in the other direction has little effect
— can be bonded to a surface to measure strain
— used within load cells and pressure sensors

Direction of sensitivity
—_—

) C—

A strain gauge

Displacement Sensors

* Potentiometers

— resistive potentiometers are one of the most widely used forms of
position sensor

— can be angular or linear

— consists of a length of resistive material with a sliding contact onto
the resistive track

— when used as a position transducer a potential is placed across the
two end terminals, the voltage on the sliding contact is then
proportional to its position

— an inexpensive and easy to use sensor

Inductive proximity sensors
— coil inductance is greatly

affected by the presence of
ferromagnetic materials

— here the proximity of a

ferromagnetic plate is " 4 |

determined by measuring f‘ 4
the inductance of a coil (

— we will look at inductance in

Inductive proximity sensors
later lectures

* Switches

— simplest form of digital displacement sensor

* many forms: lever or push-rod operated microswitches; float switches;
pressure switches; etc.

Micrmuinch

(_L‘
. Q\J Mg st

Suiich

Alimit switch A float switch

Opto-switches

— consist of a light source and a light sensor within a single unit
« 2 common forms are the reflective and slotted types

A reflective opto-switch A slotted opto-switch
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* Absolute position encoders
— a pattern of light and dark strips is printed on to a strip and is
detected by a sensor that moves along it
« the pattern takes the form of a series of lines as shown below
* it is arranged so that the combination is unique at each point
* sensor is an array of photodiodes

* Incremental position encoder
— uses a single line that alternates black/white
* two slightly offset sensors produce outputs as shown below

« detects motion in either direction, pulses are counted to determine absolute
position (which must be initially reset)

* Other counting techniques

— several methods use counting to determine position
* two examples are given below

Inductive sensor Opto-switch sensor

Motion Sensors

* Motion sensors measure quantities such as velocity and
acceleration
— can be obtained by differentiating displacement
— differentiation tends to amplify high-frequency noise
 Alternatively can be measured directly
— some sensors give velocity directly

« e.g. measuring frequency of pulses in the counting techniques described
earlier gives speed rather than position

— some sensors give acceleration directly
« e.g. accelerometers usually measure the force on a mass

Sound Sensors

* Microphones

—a number of forms are available

« e.g. carbon (resistive), capacitive, piezoelectric and
moving-coil microphones

* moving-coil devices use a magnet and a coil attached to a diaphragm — we will

discuss electre === == === oo
Soumd Microphene
weves utpin vdtuge

Sensor Interfacing

* Resistive devices
— can be very simple

* e.g.in a potentiometer, with a fixed voltage across the outer
terminals, the voltage on the third is directly related to position

= where the resistance of the device P o—
changes with the quantity being 2
measured, this change can be []”-
converted into a voltage signal using a T
potential divider — as shown e ~ue

= the output of this arrangement is not = H'

|

linearly related to the change in
resistance
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* Switches

— switch interfacing is also simple
* can use a single resistor as below to produce a voltage output
* all mechanical switches suffer from switch bounce

¥ ]

Capacitive and inductive sensors

— sensors that change their capacitance or inductance in response to
external influences normally require the use of alternating current
(AC) circuitry

— such circuits need not be complicated

— we will consider AC circuits in later lectures

Key Points

* A wide range of sensors is available

* Some sensors produce an output voltage related to the measured quantity and
therefore supply power

« Other devices simply change their physical properties

* Some sensors produce an output that is linearly related to the quantity being
measured, others do not

« Interfacing may be required to produce signals in the correct form

Examples of sensors with their important parameters

(Input transducers)

Transducer type Nature (parameter Voltage, V | Intensity of Output
)of initial source current, A parameter

Thermal converter Temperature 0.5-10* 103 10 DC voltage
(thermocouple)
Photoelectric cell Light 0.5-10° 101 10* DC voltage
Manometer Pressure 0.5-10°5 10" 10 Resistance or
voltage
Tachometer Speed 103 10° 103 DC voltage
Microphone Sound 108 103 10° AC voltage
EM vibration detector Vibration 0.25-10¢ 10?2 10* AC voltage
Inductosyn (angle Angle 10210 103-10 Phase shift
solver)

Typical output transducers (actuators)

Transducer type m Efficiency, % Typical application

Electric motor 1-108 75-95 Control systems
Loudspeaker 1-102 3-10 Sound transmission
systems
Galvanometer 10° - Measuring systems
(total scale)
Electrostatic voltmeter 102 = Measuring systems
(total scale)
Relay (actuator) 10%- 101 - Switching control
systems
CRT 107 102 Measuring and display
systems
Digital micromirror device - Digital Light Processing
(DMD) technology (DLP)

A display device based on of

MEMS technology that uses a
DLP projector DMD

Transducers of a mixed type (input - output)

Strain sensor (Tensopatunk)  Force Change of Measuring resistance force, shift, strain
resistance (mexaniuHa Hanpyra a6o HaTar — mech. stress
or tension)
Force transducer Pressure and Change of Measuring of load, pressure
( i paTunk) ication of i
force (load)
Photoelectric cell Force of light Voltage Source of energy, electro-optical devices
(®oTtoenemenT)
Differential transducer Linear movement Change of Measuring of distance
(audepeHLianbHmit inductance
nepeTBopioBay)
Selsyn Angular Change of AC Switching control systems
displacement voltage
Thermocouple Temperature Voltage
Change of Temperature control systems.
Thermistor 4= resistance
Tachometer Angular speed Voltage Speed control systems — Speed feedback
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Conclusive definitions and discussion

A sensor is a transducer whose purpose is to sense (that is, to detect)
some characteristic of its environs.

It detects events or changes in quantities and provides a corresponding
output, generally as an electrical or optical signal.

For example, a thermocouple converts temperature to an output voltage.

But a mercury-in-glass thermometer is also a sensor; it converts the
measured temperature into expansion and contraction of a liquid which
can be read on a calibrated glass tube.

With advances in micromachinery and easy-to-use microcontroller
platforms, the uses of sensors have expanded beyond the more
traditional fields of temperature, pressure or flow measurement, e.g.
MARG sensors (Magnetic Angular Rate Gravity).

Sensor's sensitivity

A sensor's sensitivity indicates how much the sensor's output changes
when the input quantity being measured changes. For instance, if the
mercury in a thermometer moves 1 cm when the temperature
changes by 1 °C, the sensitivity is 1 cm/°C (it is basically the slope
Dy/Dx assuming a linear characteristic).

Some sensors can also have an impact on what they measure; for
instance, a room temperature thermometer inserted into a hot cup of
liquid cools the liquid while the liquid heats the thermometer.
Sensors need to be designed to have a small effect on what is
measured; making the sensor smaller often improves this and may
introduce other advantages.

Technological progress allows more and more sensors to be
manufactured on a microscopic scale as microsensors using MEMS
technology. In most cases, a microsensor reaches a significantly higher
speed and sensitivity compared with macroscopic approaches.

Sensors. Types of measured quantities and fields

+ 1Acoustic, sound, vibration
2 Automotive, transportation
3 Chemical

4 Electric current, electric potential, magnetic, radio

5 Environment, weather, moisture, humidity

6 Flow, fluid velocity

7 lonizing radiation, subatomic particles

8 Navigation instruments

9 Position, angle, displacement, distance, speed, acceleration
10 Optical, light, imaging, photon
11 Pressure

12 Force, density, level

13 Thermal, heat, temperature
14 Proximity, presence

http://en.wikipedia.org/wiki/List_of_se
nsors#Acoustic.2C_sound.2C_vibration

Acoustic, sound, vibration

Geophone (A geophone is a device that converts ground movement
(displacement) into voltage)

Hydrophone (A hydrophone is a microphone designed to be used underwater
for recording or listening to underwater sound)

Lace Sensor - a guitar pickup (A pickup device is a transducer that captures
mechanical vibrations from stringed instruments such as the electric guitar,
electric bass guitar)

Microphone (A microphone is an acoustic-to-electric transducer or sensor that
converts sound in air into an electrical signal)

Automotive, transportation

Air-fuel ratio meter

Blind spot monitor

Crankshaft position sensor (konituawii san)

Curb feeler, used to warn driver of curbs (curb — Gopatop, oroposa)

Defect detector, used on railroads to detect axle and signal problems in passing trains

Engine coolant temperature sensor, or ECT sensor, used to measure the engine temperature

Hall effect sensor, used to time the speed of wheels and shafts

MAP sensor, Manifold Absolute Pressure, used in regulating fuel metering. (a6conioTHoe Aasnerue 8o ByckHOM
Konnexrope)

Oxygen sensor, used to monitor the amount of oxygen in the exhaust

Parking sensors, used to alert the driver of unseen obstacles during parking maneuvers

Radar gun, used to detect the speed of other objects

Speedometer, used measure the instantaneous speed of a land vehicle

Speed sensor, used to detect the speed of an object

Throttle position sensor, used to monitor the position of the throttle in an internal combustion engine
Tire-pressure monitoring sensor, used to monitor the air pressure inside the tires

Transmission fluid temperature sensor, used to measure the temperature of the transmission fluid
Variable reluctance sensor, used to measure position and speed of moving metal components
Vehicle speed sensor (VSS), used to measure the speed of the vehicle

Water sensor or water-in-fuel sensor, used to indicate the presence of water in fuel

Wheel speed sensor, used for reading the speed of a vehicle's wheel rotation

Characteristics of sensors

* We could see a huge variety of sensors.

« Considering sensors here we focus on the characteristic of
conversion but not on the features of conversion methods

* Atransducer can be considered as a black box with

definite dependence between input and output

quantities.

As usually, we can be interested in accuracy, linearity,

resolution.

« Also, frequency characteristic, noise properties, input and
output impedance, etc.
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Structure of a sensor

* Measuring transducer — BUMiptoBasbHUI
nepeTsoptoBay

* Sensing element — yytaneuit opraH

— Detector — geTekTop (radiation, field, & particles)
— Receiver - npuitmay

— Probe - 30Hg,

— Gage head — BumiptoBanbHa ronoska

* In general case a sensor can consist of several

transducers
Fy [P
= Mpt f — Npi I ™ Mpt
vikiMonaILm cxema darinsa: Tpl, Mpl, Npd Npeahpa B Teri;
F) — BXOTHAS §HITIPICCKIR BeTie g . F MIPOMEEVTON S drire-
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Types of sensor classificatio

Classification based on a type of
the input & output signals

Mper
i

| Heanextpmiesku neammm
I HEWEKTPIICCKIe

| Hemexrpisieck
B BRI

I

A physical principle of operation
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Some physical effects that are used in sensors
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Some physical effects that are used in sensors
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