1501322 Electronics and Electric Drives
Course Description:
Basic dc circuit analysis; Theory, applications, and circuit implementation of electronic devices
such as diode, transistor, and opamp; Basic electronic circuits such as amplifiers, converters,
filters, relay drivers; Principle of power electronics; Industrial equipment and sensors*.
(*modified in the framework of an Erasmus + project: Asean Factori 4.0 Across South East
Asian Nations: From Automation and Control Training to the Overall Roll-out of Industry 4.0
609854-EPP-1-2019-1-FR-EPPKA2-CBHE-JP)

Learning outcome:
1. Students can discuss the content of electronic engineering.
2. Students can analyze the behavior of electronic components.
3. Students understand the function of industrial equipment and sensors.

Lecturer:

Assoc. Prof. Punnarumol Temdee, Ph.D.
Asst. Prof. Roungsan Chaisricharoen, Ph.D.
Asst. Prof. Santichai Wicha, Ph.D.

Lect. Chayapol Kamyod, Ph.D.

Credit: 3(3-0)
Lecture: 45 Hours (9 hours of modified content)

Assessments:

Attendance 10%

HW/CW 20%

Midterm 25%

Final 25%

Project 20%

Lecture (seminar):

Content Hours

DC analysis of RLC circuits 12
Electronic devices and applications 12
Power electronic 12
Industrial components* 3
Industrial equipment* 3
Industrial sensors* 3

(*modified in the framework of an Erasmus + project: Asean Factori 4.0 Across South East
Asian Nations: From Automation and Control Training to the Overall Roll-out of Industry 4.0
609854-EPP-1-2019-1-FR-EPPKA2-CBHE-JP)
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Agenda

Industrial 4.0

Industrial Processes
Standard IEC 61508/ 61511
Industrial Components
Industrial Equipment

Industrial Sensor
Smart sensor/intelligence sensor with embedded components
Applications
Security function
Diagnostic -> improve global availability of the system

Sensor network/collaboration/ sharing information->again improve
global availability
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Industrial Evolution

3. Industrial revolution
Through the use of electronics
and IT further progression in
autonomous production

2. Industrial revolution
Introducing mass production
lines powered by electric
energy

1. Industrial revolution
Introducing mechanical
production machines powered
by water and steam

Industry 1.0 Industry 2.0 Industry 3.0
End of the Beginning of the Beginning of the
18th century. 20th century 70th

4. Industrial revolution
Based on cyber-physical-
systems

Level of complexity

Industry 4.0

Today

Source: DFKI/Bauer IAO
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»
Cyber Physical Systems

~Computation

A cyber-physical system (CPS) is a system of collaborating computational
elements controlling physical entities. CPS are physical and engineered
systems whose operations are monitored, coordinated, controlled and
integrated by a computing and communication core. They allow us to add

capabilities to physical systems by merging computing and communication with
physical processes.
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Presenter
Presentation Notes
CPS benefits: 
• Safer and more efficient systems 
• Reduce the cost of building and operating the systems 
• Build complex systems that provide new capabilities
• Reduced cost of computation, networking, and sensing 
• Enables national or global scale CPS’s


https://blogs.sap.com/wp-content/uploads/2015/06/2_736747.png

Today’s Factory

Rigidly sequenced car manufacture
on a production line

Workstation 1 Workstation 2 Workstation 3 Workstation 4
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Source: Hewlett-Packard 2013
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https://blogs.sap.com/wp-content/uploads/2015/06/3_736763.png

Tomorrow’'s Factory

Decoupled, fully flexible and highly
integrated manufacturing systems
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Source: Hewlett-Packard 2013
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UGA

Université
Grenoble Alpes

An example
SCADA: Supervisory Control And Data Acquisition

HMI:
Human- Remote
Machine m supervision
Interface o .
Local TCP/IP network 2 Important aspects:
supervision Control
aasBeSeat  Control Safet
Ty 1 .,_-I Ex : trajectory y
Local A L AL € Safety PLC
control
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CIM Pyramid

Fieldbus Network

CAN, FIP, DeviceNet,

\ Interbus,Profibus...

Computer-integrated manufacturing (CIM)
Describe the complete automation of manufacturing processes
Several network layers
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http://www.cc-link.org/ca_img/ro_fa01.jpg

Université

Centralized Control Architecture

Central Computer
(Mainframe)

Group Group Group
Control Control Control

LN ALV S
00000 00000 00000

v
Sensors, Actors plant

PLCs

Classical, hierarchical, centralised architecture.
The central computer only monitors and forwards commands to the PLCs
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Decentralized Control System (DCS)

— |

control bus
I |
controlle controlle controlle controlle
e m ETﬁi ETﬁi
[ 000 000 000 0060 060 600 000 000 000 000 000 6006
plant

All controllers can communicate as peers (without going through a central
master), restricted only by throughput and modularity considerations.
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Supervision

___________________________

Factory server

Lm Supervision

(Ol

Job managemen: [ 1 .

Productions

permanent dialogue Machine parameters | ||
With robots —— LE" — -

Superyision | ySupervision

Pi )t
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Dependability

RAMS : Reliability, Availability, Maintainability, Safety

Fiabilité : s
Disponibilité
RELIABILITY
Capacity to remain AVAILABILITY
infallible throughout Capacity to ensure the
the task complete task . ;
Sdreté de
Maintenabilite fonctionnement
MAINTAINABILITY DEPENDABILITY
Capacity to rem.a |.n in-or Confidence in the system
return to the original state to ensure its mission
- Accidental risks (design error, without risk
) . operational errors...)
Sécurité ... - Cyber-security vulnerabilities
SECURITY
Aptitude of a system to SAFETY

Capacity to avoid risk (to
people, to property, to
the environment)

achieve its function... under
the normal conditions
specified in the instruction
manual
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Functional Safety

IEC 64513 0000 IEC 61131-6
Nuclear Sector Programmable
\ / Controllers
EN 50128 IEC 61800-5-2
Railway ———— IEC 61508 e Variable
Applications Speed Drives
IEC 61511 ISO 26262 IEC 62061
Process Industry Automotive Machinery
Avionics Machinery Medical Home
D0178, D0254 ISO 13849 IEC 60601 IEC 60730
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Safety Integrated Level (SIL)

Problems:

- SIL of a component

- SIL of physical
architecture

- SIL of a functional
architecture

- SIL of a computer and
network-based architecture

Page 16

Generic standard IEC-61508/IEC-61511

Functional safety of electrical/electronic/programmable
electronic safety-related systems

SIL (Safety Integrated Level)

Prescriptions of a security system and corresponding SIL levels

Demand operation Continuous operation
Average probability of A
SIL failure on demand (PFD) Eailure rate
Failure rate per year per hour
SIL4 10* < PFDavg < 10 108< A <10°
SIL3 10 < PFDavg < 104 107<1 <108
SIL2 102 < PFDavg < 1073 106 <A <107
SIL1 101 < PFDavg < 1072 10°< A< 10"

16 - IMT
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Industrial
types

HEAVY MANUFACTURING
FABRICATED METAL
PRODUCTS

PLASTIC & RUBBER
PRODUCTS

DATA
CENTERS

HOUSING, BUILDING
PRODUCTS, & FURNITURE

DISTRIBUTION &
WAREHOUSING

TRANSPORTATION SYSTEMS

SEMICONDUCTORS &  NON-GOV'T & GOV'T
COMPUTORS INFRASTRUCTURES




Industrial Components

Industrial components are parts, tools, and equipment utilized
in manufacturing and production. These parts ensure industrial
machines and systems run smoothly. Components might be as
simple as screws and nuts or as complicated as gears and
motors. These components affect industrial machinery
performance and longevity, thus quality and durability are
essential.
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Industrial Components Examples

Bearings: Reduce friction between moving parts.

Valves: Control the flow of liquids or gases.

Motors: Convert electrical energy into mechanical energy.
Pumps: Move liquids or gases from one place to another.
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Industrial Equipment

Industrial equipment includes heavy-duty machinery used
In production, manufacturing, and construction. Durable
and efficient, this equipment handles large-scale
operations. This equipment needs regular maintenance to

work well to prevent breakdowns.
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Examples:

Milling Machines: Used to shape metals and other solid
materials.

Cranes: Used for lifting and moving heavy objects.
Forklifts: Used in warehouses to lift and transport goods.

Conveyors: Used to move materials from one part of a
production facility to another.
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Robotics

End 1970s 2020s: Many dimensions
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Robotics

Training an Industrial
Robot Using Al

Page 26



Computer Vision in
Robotics and Industrial
Applications

Dominik Sankowski*
.:l_a_;ek Nowakowski

Robotics & Visions

Vision-guided robotics

2D-Vision
3D-Vision
Radars
Lasers
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Robotics

Industrial Robots in Extreme Conditions
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Robotics

Autonomous
trans-pallet
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Robotic preparation of parts orders Automated part picking (bulk items) Simplified guidance of a
on the assembly line . B . - Universal Robots robot

e

Picking up raw components for
assembly

Locating parts in boxes
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Robotics

COBOT

Industrial
Collaborative
Robot
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Industrial Sensors

Industrial sensors detect and respond to environmental
iInput. The input could be light, heat, motion, moisture,
pressure, or other environmental occurrences. Signals are
transformed to human-readable representations at the
sensor or transferred electronically through a network for

reading or processing.
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Examples:

Temperature Sensors: Measure the amount of heat

energy or coldness that is generated by an object or
system.

Proximity Sensors: Detect the presence or absence of an
object or its relative position.

Pressure Sensors: Measure the force exerted by a liquid
or gas.

Motion Sensors: Detect movement in a certain area.
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Introduction

Industrial robot requires
sensory feedback to:

Locate randomly placed object;
Allow for variations in shape of objects;

Protect against dangerous and
unexpected situations. Especially if the
robot must work close to humans:

Allow “intelligent” recovery form error
conditions;

Perform quality control.

The main objective of
incorporating sensors in robotic
system is to enable robots to
work in nonstructural and
random environments.

Sensors will make robots more
intelligent. But the associated
robotic software must have the
ability to receive data from the
sensors and to process the
necessary real time information
and commands needed for the
decision making.



What is Sensing ?

Collect information about the world Sensor - an Each sensor is based on a
electrical/mechanical/chemical device transduction principle - conversion of
that maps an environmental attribute energy from one form to another

to a quantitative measurement



Transduction to electronics

THERMISTOR: ELECTROCHEMICAL: PHOTOCURRENT: LIGHT PYROELECTRIC: THERMAL
TEMPERATURE-TO- CHEMISTRY-TO-VOLTAGE INTENSITY-TO-CURRENT RADIATION-TO-VOLTAGE
RESISTANCE

HUMIDITY: HUMIDITY-TO- LENGTH (LVDT: LINEAR MICROPHONE: SOUND
CAPACITANCE VARIABLE DIFFERENTIAL PRESSURE-TO-<ANYTHING>
TRANSFORMERS) :

POSITION-TO-INDUCTANCE



Human sensing and organs

Vision: eyes (optics, light)

Hearing: ears (acoustics, sound)
Touch: skin (mechanics, heat)

Odor: nose (vapor-phase chemistry)

Taste: tongue (liquid-phase chemistry)




Extended ranges and modalities

Vision outside the RGB spectrum

e Infrared Camera, see at night

Active vision

e Radar and optical (laser) range measurement

Hearing outside the 20 Hz — 20 kHz range

e Ultrasonic range measurement

Chemical analysis beyond taste and smell

Radiation: a, b, g-rays, neutrons, etc




Electromagnetic Spectrum

Visible Spectrum
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Presenter
Presentation Notes
An electromagnetic wave, although it carries no mass, does carry energy. It also has momentum, and can exert pressure (known as radiation pressure). The reason tails of comets point away from the Sun is the radiation pressure exerted on the tail by the light (and other forms of radiation) from the Sun. 
The energy carried by an electromagnetic wave is proportional to the frequency of the wave. The wavelength and frequency of the wave are connected via the speed of light: 
                                                                        C=fl
Electromagnetic waves are split into different categories based on their frequency (or, equivalently, on their wavelength). In other words, we split up the electromagnetic spectrum based on frequency. Visible light, for example, ranges from violet to red. Violet light has a wavelength of 400 nm, and a frequency of 7.5 x 1014 Hz. Red light has a wavelength of 700 nm, and a frequency of 4.3 x 1014 Hz. Any electromagnetic wave with a frequency (or wavelength) between those extremes can be seen by humans. 
Visible light makes up a very small part of the full electromagnetic spectrum. Electromagnetic waves that are of higher energy than visible light (higher frequency, shorter wavelength) include ultraviolet light, X-rays, and gamma rays. Lower energy waves (lower frequency, longer wavelength) include infrared light, microwaves, and radio and television waves.
Shortest Wavelengths \ Highest Frequency: Gamma rays are radiation from nuclear decay, when a nucleus changes from an excited energy state to a lower energy state. Gamma rays are typically waves of frequencies greater than 1019 Hz. They have high energies (greater than 104 eV per photon) and extremely short wavelengths (less than 10-14 m). Gamma rays can penetrate nearly all materials and are therefore difficult to detect. Gamma rays have mostly been detected in the activities in space such as the Crab Nebula and the Vela Pulsar. The highest frequency of gamma rays that have been detected is 1030Hz measured from diffuse gamma ray emissions.
Longest Wavelength \ Lowest Frequency: Several textbooks cite the frequency of the lowest electromagnetic waves on the order of 102 Hertz (Hz) and such waves are classified as Extremely Low Frequency (ELF). However, it has been discovered that the frequency of the lowest electromagnetic waves is on the order of the 10-3 Hz (millihertz or mHz) and are known as micropulsations. Micropulsations or geomagnetic pulsations are responses to changes in the magnetosphere. The magnetosphere is a cavity in the solar wind, which is the result of the geomagnetic field (earth's magnetic field) impeding the direct entry of the ionized gas (plasma) of the solar wind into the cavity. Micropulsations were first observed and published by Balfour Steward in 1861. He described pulsations with frequencies ranging from 3 mHz to 30 mHz. Today, geomagnetic pulsations cover the frequency range from 1 mHz to 1 Hz. Pulsations are divided into two classes, continuous and irregular, each of which are further divided according to the period of the pulsations.

Crab Nebula- nebula=galaxy, cloudlike masses of gases or dust among the stars
Vela Pulsar
micropulsations


From analog to digital and from smart to intelligent...

» Digital sensors and actuators
= A/D Interfaces, processing units, delays...
= Software, implementation

» « Smart » sensors and actuators
 Embedded intelligence, local decision

» Analog sensors and actuators

= Hardware and analytical Redundancies
» « Classiques" studies of dependability

» « Intelligents » sensors and actuators
= Communicating Interface
= Diagnosic, monitoring, checking, embedded decision

= Instrument contributing of the global « intelligence » of the
system p)

» Intelligence vs. Complexity => consequences on Dependability


Presenter
Presentation Notes
Lorsque l’on s’intéresse aux caractéristiques cyber-physiques du réseau électrique, deux événements sont intéressants à considérer.
1. Le premier est connu comme le blackout nord américain de 2003. En quelques mots, voilà ce qui s’est passé : Un capteur défectueux a été re-calibré mais l’outil de monitoring associé a été oublié et n’a pas été redémarré. En parallèle de cela, un bug informatique dans le système d’alarmes a privé les opérateurs de tout changement d’état du système pendant près d’une heure. Cette combinaison d’incidents à provoqué une réaction en chaîne et finalement ce grand blackout.
2. Le second événement que je souhaite mentionner est plus proche de nous, dans l’espace comme dans le temps. En 2015, des attaquants ont réussi à pénétrer le réseau d’entreprise de 3 fournisseurs d’électricité ukrainiens et de là à atteindre le système de contrôle du réseau électrique. Le 15 décembre 2015, ils ont ainsi pu déconnecter plusieurs portions du réseau électrique ukrainien de façon coordonnée. Un malware a été utilisé pour saccager les OS de certains équipements, obligeant ainsi les opérateurs à passer en mode manuel. La panne électrique qui s’est ensuivi a touché 225 000 clients pendant quelques heures. Ses conséquences se sont faites sentir pendant plusieurs semaines après l’événement.

Ces deux événements permettent d’illustrer 
d‘une part, à quel point la fiabilité, la disponibilité et la sûreté du réseau électrique reposent sur l’intégrité de son infrastructure de communication
et d’autre part que la numérisation galopante du réseau électrique, et des systèmes de contrôle industriels en général, introduit de nouvelles vulnérabilités.

En effet, cette numérisation des systèmes d’automatisation et de contrôle industriels est en cours depuis quelques décennies maintenant, et ce quel que soit le domaine industriel.  On trouvait originellement des réseaux isolés opérant des protocoles propriétaires, assurant ainsi la sécurité par isolement et obscurité. Cette sécurité intrinsèque n’existe plus désormais car la tendance est aux réseaux globaux (pour avoir accès à distance, systèmes distribués) et à l’utilisation de protocoles standardisés (comme réponse à la complexité grandissante des technologies et une aspiration pour l’interopérabilité).




Var [2] ADXL202/[15] Vo
ADXLZ10
ST[3] “sopvew [ ¥t

T2[ 3 Ao [90] Xour
Ne ] (%] Your
com[T] Ay [8] e

Gas Sensor

KC = NO CONNECT

Accelerometer Gyro

Pendulum Resistive
Tilt Sensors

Gieger-Muller
Radiation Sensor

Pyroelectric Detector

Resistive Bend Sensors

CDS Cell

Digital Infrared Ranging Resistive Light Sensor

’ ; .l g E E Pressure Switch :

} Miniature Polaroid Sensor

[DSida view Touch Switch
L Mechanical Tilt Sensors 3 ;

2
a
1
IR Pin IR Sensor w/lens q,
Diode
Thyristor )
1N J I = Magnetic Sensor
T ? j B (nimi_ i T Polaroid Sensor Board
/ i Hall Effect
IR Reflection = Magnetic Reed Switch Magnetic Field
; IR Amplifier Sensor Sensors

Sensor
IRDA Transceiver

ik

]

IR Modulator

Lite-On IR Radio Shack Receiver ~ Solar Cell
Remote Receiver Remote Receiver

i

. Compass . .
Compass P Piezo Ultrasonic Transducers



Sensors used in robot navigation

Resistive sensors

* bend sensors,
potentiometer, resistive
photocells, ...

Ultrasonic Distance
Sensor

Laser ra nge sensors

Tactile sensors

e contact switch, bumpers...

Inertial Sensors
(measure the second
derivatives of position)

 Accelerometer, Gyroscopes,

Vision

Infrared sensors

e Reflective, proximity,
distance sensors...

Orientation Sensors

e Compass, Inclinometer

Global Positioning
System




Classification of
Sensors

Internal state (proprioception) v.s.
external state (exteroceptive)

» feedback of robot internal
parameters, e.g. battery level,
wheel position, joint angle, etc,

e observation of environments,
objects
Active v.s. non-active
e emitting energy into the
environment, e.g., radar, sonar
e passively receive energy to
make observation, e.g., camera
Contact v.s. non-contact
Visual v.s. non-visual
* vision-based sensing, image
processing, video camera




Sensor
Selection/Sensing
Taxonomy

. There are many different types of robot sensors available and there
are many different parameter measured by these sensors.

. The application process, should be carried out in a top down
manner, starting with task requirements, and going through several
levels of analysis, eventually leading to the selection of a specific
device.

. A taxonomy for sensing to aid this process consists of five levels of
refinement leading to sensor selection:

1. Specification of task requirements :eg localization,
slippage detection, size confirmation, inspection,
defect testing.

Choice of modality :eg,vision, force, tactile

Specification on sensor attributes :eg,output,
complexity, discrete or continuous variable, imaging
or non-imaging, local or global

4, Specification of operational parameters :eg size,
accuracy, cost

5. Selection of mechanism :eg switching devices,
inductive sensors, CCD vision imaging




Some tasks
requirements
features:

Insertion Assembly Detection of
Monitoring Verification Reject Parts

Check Location &
Gripper/Tool Orientation of
Operation Parts

Recognition of Assembly Test
Part Types Operations

Workspace Check Correct Analysis of
Intrusion Manipulation of §l Spatial Relations
Detection Parts Between Parts




Some typical sensor
operational data:
Ultrasonics

Resistive Effects
Capacitive Efects
Piezo-Electric Effects
Visible Light Imaging
Photo-Electric & Infrared
Mechanical Switching
Inductive Effects
Thermal Effects

Hall Effect

Primary physical mechanisms
employed in sensors:

Cost

Range

Accuracy

Repeatability

Power Requirements
Output Signal Specification
Processing Requirements
Sensitivity

Reliability

Weight

Size



PROXIMITY AND
RANGE SENSORS




RONMITY & RANGE

It is a technique of
detecting the presence or
absence of an object with

electronic noncontact
Sensors.

Commonly available
proximity sensors are:

e 1. Photoelectric/optical sensors

Typical application of
proximity sensors includes:

e U Object detection
e Y Collision avoidance
e Y Object verification & counting

2. Inductive proximity
Sensors

e 3. Capacitive proximity sensors
e 4. Ultrasonic proximity sensors



Resistive Sensors

Bend Sensors

* Resistance = 10k to 35k

* As the strip is bent, resistance increases Resistive Bend Sensor

Potentiometers

» Can be used as position sensors for
sliding mechanisms or rotating shafts

 Easy to find, easy to mount

Light Sensor (Photocell) !
» Good for detecting direction/presence of Photocell

light R is small when brightly
* Non-linear resistance illuminated

 Slow response to light changes



Applications

Sensor

= Measure bend of a joint

/77777

= Wall Following/Collision «— Sensors
. 0 O
Detection /
O O

/7777

= Weight Sensor Sensor

4

e




Inputs for Resistive Sensors

Voltage divider:

V V'S V'S
You have two resisters, one R1IZ 2 L
IS fixed and the other Vsense
varies, R2$h| 51 W
as well as a constant = === A/D converter
voltage R _
V,,=—=+—V micro
R +R,
T Vv
< = Binary Digital 1/0
Threshold
§ Comparator:
1 If voltage at + Is greater than

= at -, digital high out



Infrared Sensors

Intensity
based infrared

Modulated
Infrared

Infrared
Ranging

Reflective sensors
Easy to implement
susceptible to ambient light

Proximity sensors
Requires modulated IR signal

Insensitive to ambient light

Distance sensors
Short range distance measurement
Impervious to ambient light, color and reflectivity of object



Intensity Based Infrared

5

h

VRN
\_/
=t w%.;

A

« Easy to implement (few components)
» Works very well in controlled environments

« Sensitive to ambient light

Break-Beam sensor

Reflective Sensor

Increase in ambient light
raises DC bias

4
e

time K///,

time

voltage

voltage




IR Reflective Sensors

e Reflective Sensor:
e Emitter IR LED + detector photodiode/phototransistor
* Phototransistor: the more light reaching the phototransistor, the more
current passes through it
* A beam of light is reflected off a surface and into a detector

e Light usually in infrared spectrum, IR light is invisible

Transmitter LED —— Receiver Photo-Diode

\ or Photo-Transistor

e Applications:
e Object detection,
e Line following, Wall tracking
e Optical encoder (Break-Beam sensor)

e Drawbacks:
e Susceptible to ambient lighting
* Provide sheath to insulate the device from outside lighting

e Susceptible to reflectivity of objects
e Susceptible to the distance between sensor and the object

55



Modulated Infrared

e Modulation and Demodulation
e Flashing a light source at a particular frequency

 Demodulator is tuned to the specific frequency of light flashes.
(32kHz~45kHz)

* Flashes of light can be detected even if they are very week
e Less susceptible to ambient lighting and reflectivity of objects
e Used in most IR remote control units, proximity sensors

25 psec/eycle
(40 kHz)

LED Off

Negative true
logic:

Sv

IR
Demodulator
Output

Ov

No
Detect

Detect = Ov

No detect = 5v



IR Proximity Sensors

amplifier  bandpass filter integrator
\ limiter demodulatO// comparator
\ / __7/ w
\ \ 7 7
\ \ o/ /%/ _ I
<7 A —r
— ::: 1 Voo
a

* Proximity Sensors_:_

e Requires a modulated IR LED, a detector module with built-in modulation
decoder

e Current through the IR LED should be limited: adding a series resistor in LED
driver circuit

* Detection range: varies with different objects (shiny white card vs. dull black
object)

* Insensitive to ambient light

e Applications:
* Rough distance measurement
e Obstacle avoidance
* Wall following, line following



IR Distance Sensors

e Basic principle of operation:

* IR emitter + focusing lens + position-sensitive detector

Fig. 1 Distance Measuring Output vs.
Distance to Reflective Object

Light Spot
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Lens

cdcd Light
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Location of the spot on the detector
corresponds to the distance to the target
surface, Optics to covert horizontal distance to

vertical distance



IR Distance Sensors

e Sharp GP2D02 IR Ranger
e Distance range: 10cm (4") ~ 80cm (30").
 Moderately reliable for distance measurement
 Immune to ambient light
e Impervious to color and reflectivity of object

* Applications: distance measurement, wall following, ...




Range Finder

* Time of Flight

 The measured pulses typically come form ultrasonic,
RF and optical energy sources.
e D=v*t
* D =round-trip distance
* v = speed of wave propagation
e t =elapsed time

2 1

e Sound = 0.3 meters/msec

e RF/light = 0.3 meters / ns (Very difficult to measure
short distances 1-100 meters)



Ultrasonic Sensors

e Basic principle of operation:
e Emit a quick burst of ultrasound (50kHz), (human hearing: 20Hz to 20kHz)

 Measure the elapsed time until the receiver indicates that an echo is
detected.

 Determine how far away the nearest object is from the sensor

Generate

Chirp Transmitter
e

- D — V * t Circuit
D = round-trip distance
v = speed of propagation(340 m/s)
t = elapsed time

Echo

Received Receiver
——

Bat, dOlphln, Circuit




o Beam Angle

A5

sl 16 0 B @

a0

Sensor Specification

Ultrasonic

Sensors

Raam Al
|

Sensor Model, angle = 15 degrees

Ranging is accurate but bearing has a 30 degree
uncertainty. The object can be located anywhere in the
arc.

Typical ranges are of the order of several centimeters to
30 meters.

Another problem is the propagation time. The ultrasonic
signal will take 200 msec to travel 60 meters. ( 30
meters roundtrip @ 340 m/s )



Ultrasonic Sensors

e Polaroid ultrasonic ranging system
* |t was developed for auto-focus of cameras.
e Range: 6 inches to 35 feet

~_ Ultrasonic
4 transducer

Transducer Ringing:
= transmitter + receiver @  Electronic board

50 KHz \

= Residual vibrations or
ringing may be interpreted
as the echo signal

= Blanking signal to block
any return signals for the
first 2.38ms after
transmission

http://www.acroname.com/robotics/infO/articles/sonar/s:é'nar.html i



Operation with Polaroid Ultrasonic

The Electronic board supplied has the following I/0
INIT : trigger the sensor, ( 16 pulses are transmitted )
BLANKING : goes high to avoid detection of own signal
ECHO : echo was detected.
BINH : goes high to end the blanking (reduce blanking time <

2.38 ms)
BLNK : to be generated if multiple echo is required
IMTT J -
THAMNSST :I"-.IT]JII”IJ 16 Pukzes
SLINK |_|

aMH

|
BLAN KM (IR TI—| I

ECHO




Ultrasonic Sensors

* Applications:
e Distance Measurement

 Mapping: Rotating proximity scans (maps the proximity of
objects surrounding the robot)

] —— H
i A i Doorway .. a
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i chair

Scan moving from left to right

Scanning at an angle of 15° apart can achieve best results



Noise |ssues
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Laser Ranger Finder

Range 2-500 meters

Resolution : 10 mm

Field of view : 100 - 180 degrees
Angular resolution : 0.25 degrees

8.9
ﬁ
Scan time : 13 - 40 msec.

These lasers are more immune to Dust and Fog

s

,-#?.’f" ol

http://www.sick.de/de/products/categories/safety/



ROEOMSTON,

Vision is the most powerful robot
sensory capabilities. Enables a
robot to have a sophisticated

sensing mechanism that allows it

to respond to its environment in

intelligent and flexible manner.

Therefore machine vision is the
most complex sensor type.

vision may
process of extracting,

characterizing, and interpreting
information from images of a
three-dimensional world. This

process, also known as machine or

computer vision may be
subdivided into six principle areas.
These are:

Sensing : the process that yields
visual image

Preprocessing : deals with
techniques such as noise reduction
and enhancement of details

Description: deals with that
Segmentation : the process that computation of features for
partitions an image into objects of Eamrd example size or shape, suitable for
interest differentiating one type of objects
from another.

Recognition: the process that
identifies these objects (for
example wrench, bolt, engine
block, etc.)

Interpretation: assigns meaning to

an ensemble of recognized
objects.

70



IMAGING COMPONENTS

 The imaging component, the “eye” or sensor, is the first link in
the vision chain. Numerous sensors may be used to observe the
world. There are four type of vision sensors or imaging
components:

e 1. Point sensors

capable of measuring light only at a single point in space. These
sensor using coupled with a light source (such as LED) and used
as a noncontact ‘feeler’

It also may be used to create a higher — dimensions set of vision
Information by scanning across a field of view by using
mechanisms such as orthogonal set of scanning mirrors



dn = near sensing limit

df = far sensing limit

Point Out Of
Sensing Limit

Noncontact feeler-point sensor



[Huminator

. and
Point Sensor
Incident Ray Y‘ | ﬁ
{to Object's Surface) ‘
o~ ——

Honzontal
Scanning Mirror

\/ Vertical Scanning Mirror

Image scanning using a point sensor
and oscillating deflecting mirrors



2. Line Sensor

* Line sensors are one-dimensional
devices used to collect vision
information from a real scene in the
real world.

* The sensor most frequently used is a
“line array” of photodiodes or
charger-couple-device components. i . U

ITITTTY

e |t operatesin a similar manner to
analog shift register, producing
sequential, synchronized output of
electrical signals, corresponding to
the light intensity falling on an

integrated light-collecting cell. Circular and cross configurations
of light sensors

LITTILT



L. v

An automated robot sorting
system using
a line scan camera to generate
two-dimensional images.

Conveyor Bek Travel - e

e Line array may be used to image scene. E.g. by fixing the position of a straight-line
sensor and moving an object orthogonally to the orientation of the array, one may
scan the entire object of interest.



3. Planar Sensor

e A two dimensional configuration of the line-scan concept. Two generic
types of these sensors generally in use today are scanning
photomultipliers and solid-state sensors.

* Photomultipliers are represented by television cameras, the most
common of which is the vidicon tube, which essentially an optical-to-
electrical signal converter.

* |n addition to vidicon tubes, several types of solid-state cameras are
available. Many applications require the solid-state sensors because of
weight and noise factor (solid-state arrays are less noisy but more
expensive). This is important when mounting a camera near or on the
end-effector of a robot.



4. Volume Sensor

e A sensor that provide three- Light .

: . : : Sour Imaging Plane
dimensional information. The e (Line Array)
sensor may obtain the N’ d
information by using the ¢
directional laser or acoustic | or A

range finders.

cr”
B
Object of ;
Height B
A

Schematic representation
of a triangulation range finder



IMAGE REPRESENTATION

 From the diagram below. F(x,y) is used to denote the two-dimensional
image out of a television camera or other imaging device.

e “x” and “y” denote the spatial coordinates (image plane)

e “f” at any point (x,y) is proportional to the brightness (intensity) of the
image at that point.

* In form suitable for computer processing, an image function f(x,y) must
be digitized both spatially and in amplitude (intensity). Digitization of
the spatial coordinates (x,y) will be known as image sampling, while
amplitude digitization is known as intensity or grey-level quantization.

e The array of (N, M) rows and columns, where each sample is sampled
uniformly, and also quantized in intensity is known as a digital image.
Each element in the array is called image element, picture element (or
pixel).



Effects of reducing sampling grid size.

a)
b)

C)

512x512.
256x256.
128x128.
64x64.
32x32.
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[ .)A

Effect produced by reducing the number of intensity levels while maintaining the

spatial resolution constant at 512x512. The 256-, 128- and 64-levels are of
acceptable quality.

a) 256, b) 128, c) 64, d) 32, e) 16, f) 8, g) 4, and h) 2 levels



ILLUMINATION TECHNIQUES

* |lllumination of a scene is an important factor that often affects the
complexity of vision algorithms.

A well designed lighting system illuminates a scene so that the
complexity of the resulting image is minimised, while the information
required for object detection and extraction is enhanced.

e Arbitrary lighting of the environment is often not acceptable because it
can result in low contras images, specular reflections, shadows and
extraneous details.

* There are 4 main illumination techniques for a robot work space :



ILLUMINATION TECHNIQUES

1. DIFFUSE-LIGHTING

This technique is for smooth, regular
surface object. It is used where surface
characteristic are important.

* Example: s

Camara

Diffusing Swiace

Cbecr

Shado w7
A Light Source

Diffuse-lighting technique




ILLUMINATION TECHNIQUES

2. BACKLIGHTING

e Produce black and white image.
This technique suited for
applications in which silhouettes of
object are sufficient for
recognition or other
measurement.

e Example:

Backlighting technique




ILLUMINATION TECHNIQUES

3. STRUCTURED LIGHTING

Consist of projecting points, stripes,
grids onto work surface.

This lighting technique has 2
important advantages:

. It establishes a known light pattern on
the work space and disturbances of
this indicate the presence of an object,
thus simplifying the object detection
problems.

. By analysing the way which the light
pattern distorted, it is possible to gain
insight into three-dimensional
characteristics of the object.

Cainera

" - Ronchi Grating

S

i
o
-~

/

-

Sripea showing
parl comtur

_-'-f.:;‘.ullimatcd Source
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(a) Top view of two light planes

3. STRUCTURED LIGHTING (cont.)  intersecting ina line sight

e The following figure illustrates the
structured lighting technique using two
light planes projected from different :
directions, but converging on a single S
stripe on the surface. The two light e
sources guarantee that the object will
break the light stripe only when it is
directly below the camera.

Light Planz N Light Jource

e This technique is suitable for moving (2)
object.
) Line Scan
* Note: “The line scan camera sees only Ligh Souree gc’”“ Lo source

the line on which the two light planes

converge, but two-dimension

information can be accumulated as the

object move past the camera” obje

Light Plane

'

(b) Object will be seen by the camera only (b)
When it interrupts both light planes



I
ILLUMINATION TECHNIQUES

4. DIRECTIONAL LIGHTING

This method is used to inspection of object
surfaces.

Defects on the surface such as scratches
be detected by using a highly directed li
beam (such as laser beam) and measuri
amount of scatter . | Camera

U Light Source
@

Rough Surface
Object

Directional lighting technique



ROBOT VISION SYSTEM

There are several commercial packages that can be bought for vision processing work.
A typical hardware configuration is shown below.

Based on the technique used, the robotic vision systems can be grouped into the
following major types:

Binary vision systems 4.Structured light vision systems
Gray-level vision systems 5.Character recognition vision systems

Ad hoc special-ourpose vision svstems

Monmitor

FRAME-GRABBER

DiA

Converter

AD

Converter

Image Frame
Slore

Vision system hardware . o
Dise
Computer "Hw
Signal Paths \ ey
Digital Console
s \ideo




MISCELLANEOUS
SENSORS



Potentiometer

Potentiometer transducers can be
used to measure both linear and
angular displacement

Resstive Element

\

lo [nput Shrlﬂ;cr/:
2 o \ ‘n"np-l:l' —;__ 2
Er T ‘ + °+
k¥ 8, T 8, Vs (output)
J .-
3
(a) (b)

(@) Potentiometer

(b) (b) Schematic diagram of the potentiometer
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Linear Variable Differential Transformer (LVDT)

LDVT is a robust and precise 5==or|~dnn'l Primary &con:
device which produce a voltage e e et st maemante
. s, l:;r/'ff/ -‘;? Prard }'1 ¥ .
output proportional to the Monon @%%W%W%
displacement of a ferrous L"'j - >l f o J
armature for measurement of | /;' A \
. . . nput Sha ah e T 1% - e
robot joints or end-effectors. It is i Clssssssll ssissslsssssdl
much expensive but outperforms
the potentiometer transducer. Insulating Forn _@J
v v
DiiTerence
Voltage
Crutput
V]_ - V:

Linear Variable Differential Transformer (LVDT)



Force & Torque Sensors

Force transducers are often based ol
displacement principles. There
various type force and torque
transducer available commercially

Table ¢

Compression
Spring

BN Patform \'\‘.N\\Q\Xx ﬁm%&%\\\\%\“\m\k\

R RN

A force-measuring device based on
a compression spring and LDVT.
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Strain Gages

"\

Proving Ring

u

TENSION

This figure illustrate a tension load cell.
It can be used to measure the force
required to pick up heavy load in industry



Force & Torque Sensors

FORCE

* Force can be measured using
piezoelectric principle.

* Figure shows a load washer
type piezoelectric force
transducer. It is designed to
measure axial forces. It is
preloaded when
manufactured and can
measure both tensile and
compressive forces.




Force & Torque Sensors

Qe

% (o
<V

Qutput Connectors

Measured using piezoelectric
principle.

Figure shows a three-
component dynamometer
type piezoelectric force
transducer that measures
three orthogonal components
of force.



Inertial Sensors

e Gyroscopes

e Measure the rate of rotation independent of the coordinate
frame

e Common applications:
e Heading sensors, Full Inertial Navigation systems (INS)

e Accelerometers

 Measure accelerations with respect to an inertial frame

e Common applications:
e Tilt sensor in static applications, Vibration Analysis, Full INS Systems



Accelerometers

 They measure the inertia force generated when a
mass is affected by a change in velocity.

e This force may change
 The tension of a string
e The deflection of a beam
 The vibrating frequency of a mass



Accelerometer

e Main elements of an accelerometer:
1. Mass 2. Suspension mechanism 3. Sensing element

Senstive
anls

High quality accelerometers include a servo loop to improve the linearity of the
Sensor.



Gyroscopes

1 ratc
J .
A * These devices return a signal
proportional to the rotational
velocity.

e There is a large variety of
gyroscopes that are based on

) (f) — je (f) df different principles



Global Positioning System (GPS)

24 satellites (+several spares)

broadcast tlr{llet tldgntllty, orbital ek o oy g o e
parameters (latitude, longitude, e
altitude) \\\

U

< Monitor User segment
stations

Space Segment

4 http://www.cnde.iastate.edu/staff/swormley/gps/gps.html
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Noise Issues

e Real sensors are noisy

e Origins: natural phenomena + less-than-ideal
engineering

e Consequences: limited accuracy and precision of
measurements

* Filtering:
e software: averaging, signal processing algorithm
* hardware tricky: capacitor
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Questions

What are the defining features of Industry 4.0, and how
does it differ from the previous industrial revolutions?

Describe the role of a cyber-physical system (CPS) in
Industry 4.0.

How does a decentralized control system (DCS) improve
Industrial operations compared to a centralized control
architecture?

What is the Safety Integrated Level (SIL), and why is it
Important in the context of Industry 4.07?

Explain the concept of 'smart sensors' in industrial
applications and how they contribute to the objectives of
Industry 4.0.
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