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Syllabus

Industrial Automation & Control

MODULE-I (7 HOURS)
Introduction to process dynamics, its type and classifications. Control actions and controller tuning: Basic control
actions-on/off, P, P+l, P+1+D, floating control, pneumatic and electronic controllers, controller tuning.

MODULE-II (7 HOURS)

Introduction to PLC, PAC, DCS and SCADA. IEDs, RTUs, HMI, Smart Sensors and Actuators. Communication Networks
for PLC. The Instrument Lists of PLC and HMI. System Architecture, Programming languages of PLC, Relay logic and
Ladder logic, Ladder Diagram Elements.

MODULE-III (9 HOURS)
Computer controlled processes: PLC based control of different types of processes such as liquid level system and flow
control, open-and-closed chamber pressure control, temperature control, different types of heat exchangers.

MODULE-IV (9 HOURS)

Physical Ladder Diagram and Programmable Ladder Diagram. Case Studies: frost free refrigerator / freezer system;
composite discrete / continuous control; conveyor system; oven system; elevator system; uniformly heated liquid
control system, and hydro-phonic system.

MODULE-V (7 HOURS)

Advances in Automation: Programmable Automation Controllers. NI my-DAQ, my-RIO, c-RIO, and ELVIS. IEEE 802.11 /
15 Standards, IEEE 1451.5 Std. Role of Internet of Things and Cyber Physical System in Industry Automation, MQTT
protocol.




Text and Reference Books

Recommended Text Books:
1. Peter D. Harriot, “Process Control”, Tata McGraw-Hill, New Delhi, 2009.

2. Liptak, H. “Process Control: Instruments Engineer’s Handbook”, Butterwirth
Heinemann, 1995.

3. Curtis D. Johnson, “Process Control and Industrial Technology”, Pearson
India, 8th ed., 2012.

Reference Books:

*  Norman A Anderson, “Instrumentation for Process Measurement and
Control”, CRC Press, 2018.

*  B. Wayne Bequette, “Process Control — Modeling, Design, and Simulation”,
Pearson India, 2015.

* John W. Webbs, “Programmable Logic Controllers — Principals and
Applications”, fifth Edition, Pearson India /PHI (Old edition), 2012.



Other Important References

Reference Sites:

1. NPTEL, The National Programme on Technology Enhanced Learning
(NPTEL): https://nptel.ac.in/

2. MIT OpenCourseWare : https://ocw.mit.edu/index.htm




Course Qutcomes

Upon successful completion of this course, you (students) will be able to

Understand the basic principles and importance of process control applications

using automation.
eors - Enlist the required instrumentation, knowledge of the P&ID, the

Instrumentation Lists, and final elements to ensure that well-tuned control is

achieved.
00kl Demonstrate the student’s ability to pursue a career in electrical engineering,

control systems, automation platforms through a diverse range of theoretical

skills and practical experience of real time applications.
eor= Plan, design, install, operate, control and maintain different process and

automated applications using PLCs/PACs. Further, PLC / PAC algorithm using

Ladder Logic Diagram or equivalent languages while handling a plant process.
00k | Implement an automation platform such as PACs and loT while handling a

plant process.
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Introduction

Cluster Component % out of 100
1. Test 1 & Test 2 05+05=10
2. Mid-Sem Exam 30
3. End-Sem Exam 50
4. Assignments 05
5. Teacher’s / internal (tutorial / case studies) 05

assessment or Attendance
Total 100

Note: * Exams can be of subjective and/or objective type.




Programmable Automation Controllers
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= Sensor networking: Wired and Wireless

Wired Network Protocols Wireless Network Protocols
e RS-232 * WLAN: DSSS, FHSS — ISM band
e RS-485 * Wi—Fi (IEEE 802.11)
* Modbus: RTU and ASCIl modes ¢ Bluetooth (IEEE 802.15.1)
* Foundation Fieldbus e Zigbee (IEEE 802.15.4)
* Profibus / Profinet  WiMAX (IEEE 802.16¢)
* CAN  MBWA (IEEE 802.20)
e Ethernet/IP  WRAN (IEEE 802.15.1)
 HART * Wireless HART (IEEE 802.15.1)/ ISA 100.11a
* LAN * |[EEE 1451.4/.5

Technology (Standard/ Protocol)

Copyright © Dr. Gyan Ranjan Biswal



Urban/ Industrial Measurement

¢ System architecture of communication/ sensor networks

= Low latency or end-to-end delay

= Long battery life or low power consumption
= High network reliability

= High data security

= Low BW

¢ Specifications of a smart sensor
= Sensitivity
= Low power consumption
= High Q-factor
= Dielectric constant
= |[mpedance function
= Dissipation factor etc...

v" Current Research on loT Enabled Smart Sensors

VSSUT, Burla Indust TR SR HERRACORr) Dr. Gyan Ranjan Biswal



Wireless Network
Protocols

VSSUT, Burla Industrial Automation & Control Dr. Gyan Ranjan Biswal



WLAN

A’Cl‘*’ﬁ*“d"afk' Cg_ NLAMN e LA

\/6 E’-—‘”'*7 % feor  deploy mand-
s) Neo madic, 8. mobile, aceess:
k Ca b Aveapor ke )
on— pend- bl cifrel cuithend- -fm/? e b
r—<hile o Mw..a St ers . |
@ r\um"l, b - o e Lield  durres

('~ eacees Thic Loceten,

VSSUT, Burla Indugtrial Autgmatign & Gontrol Dr. Gyan Ranjan Biswal



™ ﬂtjum } $5cet

& rD o {ee t:.-.-ﬁ-|7 ﬂ.a R o BL im benfenve

@) fp"-]!_ﬁ Itcm"i-? ;:-10;‘4%}-- I Af—ga\_:éq_rh‘nqﬂ
i E-Jﬁ':"'-"‘j 'z.""’.ﬁfrpllvU

— vr--a7 he cbic X= irﬁkl Ha {f‘amw] bt h—

ol ate |
- g & eedideedill ndescaphiig
L | e

@ P ete !fff-m'f? &a.e“mﬁ—— jmfm--\a

VSSUT, Burla Indugtrial Autgmatign & Gontrol Dr. Gyan Ranjan Biswal



WLAN Ta.c‘-h-:..lua.q'ta .

—_——

Mledia «  Lapeind | % COLEH

e i T, S

o qu;-ﬂunﬂbﬂ _ Tl')v-tqﬁ_ jru_l-uh ‘ru_\;}
I ; Hn.-ml-._'l b [LL'I.--& Lﬁh‘i‘

VSSUT, Burla Indugtrial Autgmatign & Gontrol Dr. Gyan Ranjan Biswal



e TALAN., —> (D rebiied o Mkz*ﬁha‘kmm*
@ allewn  ewv L_E:E Covmr,

bio Y0 =30 me
@:\ C‘I\‘::-Jn:-..:ﬂ:_:- 'l'“-'-'u-a,d_ 'LJ".H

5 = L& T e~ a6~ 58 mo

£ .o
@ Datey rrefe Y Lacs fl""'“l"’""f’"“

PR ey S
)= e g (o s

o *-.,,re,n-7 Lonite d c*.__pphe_d—i::-,.

VSSUT, Burla Indugtrial Autgmatign & Gontrol Dr. Gyan Ranjan Biswal



s v LA
_____ﬁﬁgd

e
T e

@ b 6o - _

@ o Deates netke W lo ~ 2o M™Mhgs-

3 ®ats ::ur__ctm.:w G \,ixz_fw-— ™
N ooafere S acnd 7 ijel ;

& HWL’:BLH

iﬂ — Jﬁb"'."""‘i.

- ngtaJ Erf_-hhm F,..\.-J LPIH

7 )

@ P‘f‘f—‘ll. [+ FP“"('] grn.mé' j{u. i ~H *55)
D q) iveed JC_FPL._{_,-..&..L— Hi 2 ( D=3 5)

VSSUT, Burla Indugtrial Autgmatign & Gontrol Dr. Gyan Ranjan Biswal



et .| 9, €030
ks T e

Ot Comiias O Corna it 2 Muﬂﬂvﬂr

____jl'-ut’ bopirg T he 5‘*--*—-\, ke;n\—a ([ FH) v

Aﬂﬂr‘-‘-_ i_-"n = [15'!...:.,&_41:‘. nl—ﬂﬂéhﬂ, Vo S nn BN,

VSSUT, Burla Indugtrial Autgmatign & Gontrol Dr. Gyan Ranjan Biswal



(Y Dgss b

Pedte, vetr = long Whes

gp‘.H— ececl, bilk C’} h7 Sate, e G

no-hil !rf-zl v Coklel & 'rsua_e_ﬂ"u rr e md e

ju[uu-'._:.e_ ' = :
i TR D e Cofth Hu  dads @M
oz ; ' ————— : r. ) I
*‘-‘/Ffl—«. FH SS hs  doe othe b cosue~.
— R e

VSSUT, Burla Indugtrial Autgmatign & Gontrol Dr. Gyan Ranjan Biswal

Yan Ranjan



x ., T ST DBeds

i

| | : .
o7 U Thadinbtsl filedthe (8 Medses]

| \ . )
‘:{_ l._-iL 'I:-Er*"‘-h"L_‘_Fb—tx__ h Eorcd
e e—— - _ S
e 170
@ oo Mz e A aveend geca MW

D ¢4 jatm CHa bed Q4 — 2T GHA

D, .o Cmuﬂ._"}n:-—ua T = jt:’: G

2 {f}r‘lg’t-—l-ﬂ-— OC':-QF i e T\T’]G.,hc___[_aj Crrnam™

VSSUT, Burla Indugtrial Autgmatign & Gontrol Dr. Gyan Ranjan Biswal



s 1 WWIRE Wwsss  NMe Tyvaoeni Pﬂu‘racal__

—

| ov e
Tt ¢ s .EDJ Y 5-} Sl endy e P/“-* Yoo

ﬁ_ 7 w; — F‘\ 'F'— LR = -'-

Lo nam e sl

[ gi{_.,c_*ﬁ-oi“nq?h:— feee 'feg.15-.1 Y
3. Eighee O cocp | Bep sy o
Wi Max "TN feee gefd.lc

i

Mews g5 reee  ger.ge

4
8

- g \NOLAN 7..,- fece 0. 22 |
B Wi e EREESSEIRNS '/(_'I‘—Jﬂri“."-“ﬂ))

VSSUT, Burla Indugtrial Autgmatign & Gontrol Dr. Gyan Ranjan Biswal



= Wireless HART — Industrial / Robust environment applications
= Zigbee - Smooth / soft environment
= Wi — Fi —commercial applications

Inside Control Room

= Bluetooth — Computer to peripheral at room / office / mobile

= Wi-Max — commercial offices for business monitoring

Copyright © Dr. Gyan Ranjan Biswal



Wi — Fi

(IEEE 802.11)
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Note:

= Wi-Fi only supports star topology.
= Comparing OFDM with FHSS ,the data security is not as high as FHSS.

= While using OFDM Data-rate is high i.e. Data Rate ->1/Data security.

« 802.11b(1999)
Physical Layer: 2.4 GHz-Using DSSS, allows data rate = 5.5, 11 Mbps
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Zigbee (IEEE 802.15.4)

[ —

Zia,bw_/ Teel 802 45-4

e
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¢ Standard technology developed exclusively for measurement and control
applications.
* Two protocols: Ethernet and MAC
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Some Other Points

Needs Attention
Wireless Sensor Network

Three components:
1. Wireless Sensor Nodes

2. Base Station-meant to collect data from all the nodes
3. PC/Controller

Wireless Sensor Nodes

BUS PCOR
STATION CONTROLLER

TN
N

Copyright © Dr. Gyan Ranjan Biswal



Wireless Sensor Node

1. Smart Sensor
2. Microcontroller
3. Wireless Transducer
4. Batteries (non Chargeable batteries of 1-10 years
5. Wireless sensor node is also called a “Note”
VSSUT, Burla Indugtrial Autgmatign & Gontrol Dr. Gyan Ranjan Biswal



Smart Sensor + IEEE 1451 Interface

Smart
cERBOr — STIM = NCAP
l | l K bl
5 NCAP: Network capable
IEEE 1451-Compliant Appl. Protocol
Advantages Disadvantage
< No SC required % Needs STIM & NCAP

+ Flexibility of network protocol

VSSUT, Burla Industrial Automation & Control Dr. Gyan Ranjan Biswal



Some of Recent Updates

¢ |EEE 1451 Standard

1. It standardizes the interface of smart transducers (sensors and/or

actuators).
2. Smart transducers must have internal data sheets (specification on

electronic datasheet) called TEDS.
3. Any standard of any output should be compatible with existing networks.

Copyright © Dr. Gyan Ranjan Biswal
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Title of IEEE 1451

= Standard for Smart Transducer Interface for Sensors and Actuators

(i.e. How to interface ??? for sensor and actuators both)

Copyright © Dr. Gyan Ranjan Biswal



Overall Picture of IEEE 1451

Network Capable

|

|

|

Device Level Network I
Application Processor ~&——+—®  Smart Tranducer

|

|

|

(NCAP)
Network Dependent Network Independent
Interface Interface(1451 Compliant)
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1451.1 : Provide object model
(when every function of processor is treated as object i.e. both side
interface + software itself)

Copyright © Dr. Gyan Ranjan Biswal



1451.2: Example: Typical 99% application (here, it has digital interface)

Processor

-—-—1451.2 e

Copyright © Dr. Gyan Ranjan Biswal



Example: IEEE 1451.3 ( Multi Drop Distribution)
All S.T.s are distributed in a pant not located at one place

A/Digital Bus Interface
AN

S.T.
 —
> s
This side any one
rotocol at one time <:> Processor <:>
 C— S.T.
: : S.T.

Transducer Bus (Multi Drop Bus Topology)

Copyright © Dr. Gyan Ranjan Biswal



** Let we have a S.T. with Analog Output (1451.4) , again for point to
point communication only.

Analog
Processor < e >, Smart
v "I Transducer(S.T.
1451.4 (5T)

Note: If we have Analog + Digital interface (mix mode interface), point to
point communication application together, then requires IEEE 1451.4

Copyright © Dr. Gyan Ranjan Biswal
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Details:
IEEE 1451.2(1997) : Subtitle is: “ Transducer to Microprocessor Communication

Protocols and TEDS formats”

It deals with the interfacing of physically concentrated transducers i.e. specified
to point to point communication i.e. all S.T. are at one point and processor at

another point.
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Specification:

Smart Transducer Interface Module (STIM)
STIM to processor communication Interface
Formats of TEDS

TEDS is Read Only Memory (EEPROM)

W N e
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Digital

Interface
D/ D
Processor I 1< > B STIM
E 10 wire TII E
Interface
Tranducer
Independent
Interface
|[EEE 1451.2

As all STs are located at one place, and there are 10 wires, obviously not
used for long distance i.e. used of Short Distance Communication.

Copyright © Dr. Gyan Ranjan Biswal



7 — ADC SSA
- {——> DAC STA
Processor[ <:> IID —>

F ) e— DI SSD
— DO STD

 C— TEDS

NV
1451.2

SSA —Smart Sensor with Analog Output
STA- Smart Sensor with Analog Input
SSD- Smart Sensor with Digital Output
STD- Smart Sensor with Digital Input
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Functionality:

DIF to 10 wire interface

ADC from SSA to DIF (Control Signal)
DAC from DIF to STA (Control Signal)
Similarly for Dl and DO

W e
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Benefit: 1451.3 is designed for long distances as meant for distributed
system, and that is why 2/4 wire are given.
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IEEE 1451.4 (2004) : Subtitle: “Mixed Mode Communication Protocols
and TEDS Formats”

1. Itis used for interfacing these STs, have both Analog and Digital data.
2. Meant for only point to point, any Analog transducer is placed at location
only and only for physical concentrated.

Copyright © Dr. Gyan Ranjan Biswal



s ((+ms)
"w 1T p -
‘J\\"‘ \ V&gl Time
1 . T'v_#lw-""
I = : . s T)
2ont | |Je—] TEPS )
Laivesy
(Hinea s 3
Mede. |
Cpnhu-:tej'i")
[t e :7 . —
CREAERE L4 5 fl '
L 1 I' H‘-M—- 'Qﬁ”"’\'l:; F i ' = 1 -*. ‘ Am(‘_’h s

) @'d.‘}'z\ Coam be r)'n.rr.n-—-I L7 ‘ Izﬁrumu\f ll'b._n-obt._
- Phe o _elw 5 el - o o v c.i—rf”lﬁbinlﬂ__”—
Q- . )_‘L L otvans | CeN e ‘-:A7 : ﬂl—-—.-].;’ _,,H;’: .
V)

VSSUT, Burla Indugtrial Autgmatiqn & Gontrol Dr. Gyan Ranjan Biswal




VSSUT, Burla Indugtrial Autgmatign & Gontrol Dr. Gyan Ranjan Biswal



' ¥ o gk : . =i " 2 ;
% [é(-},{f; ’ QS' ' X = Y%H{’LL gin \b\\v‘r_‘tn C-vrmm_':.;;h”

e - = )
( Teeq (45).§ - 3AF) Potrcels and TEPS Feormeds

[+ covew %—w W(ﬁ;ﬂq¢

E Scope . ,
behoseen ST H fwetssn.
(b)- - 2SS | i/ 1
Ov—m:”"'" e | 4 s
- | e STIr
? S A(HH;&
: %5’ x/, s - fnelu
e s L)
la51, 9

~



s |[EEE 1451.6 : Subtitle : “High Speed CAN open —Based Transducer
Network Interface for Intrinsically Sade and Non-Intrinsically Safe
Application”

s* |[EEE 1451.7: Subtitle : “Transducers to Radio Frequency ldentification
(RFID) System Communication Protocols and TEDS Formats”
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Smart Sensor + IEEE 1451 Interface

Smart
cERBOr — STIM = NCAP
l | l K bl
5 NCAP: Network capable
IEEE 1451-Compliant Appl. Protocol
Advantages Disadvantage
< No SC required % Needs STIM & NCAP

+ Flexibility of network protocol
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Wired Network Protocols
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Ethernet (IEEE 802.3)
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HART

Highway Addressable Remote Transducer
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Smart Sensor + IEEE 1451 Interface

Smart
CERBOT — STIM = NCAP
l | K bl
= NCAP: Network capable
IEEE 1451-Compliant Appl. Protocol
Advantages Disadvantage
%+ No SC required < Needs STIM & NCAP

% Flexibility of network protocol
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Introduction

Now-a-days, priority is always given to the renewable energy sources to fulfill our major
stacks of power needs; immediate after the sources those generate the least carbon
footprints, are considered at the second priority in the ladder of power generation.
Roof-top mounted solar PV based distributed generation (DG) concepts are also gaining
more and more popularity.

DG concepts provide an opportunity to a consumer to convert themselves as the
PROSUMER, that is, PROducing or generating power as well as CONSUMing the power as
per their need and availability of surplus power.

Now aforementioned concepts need highly complex and robust mechanism to implement
at ground reality. Thus, we need a smarter electrical grid that can help us to make it
possible, called “The Smart Grid”.

Communication Engineering and Information Technology are the must to closely tied-up
with conventional Power Systems Engineering to either establish a new Smart Grid OR to
turn up a conventional grid into the Smart Grid.

Realization and implementation of Internet-of-Things (loT) is recognized as the cyber-
physical system. It is one of the most feasible but the most complex applications of loT
concept on ground reality.



What is Internet of Things?

\/

% Internet + Things
e What is Internet?
— Network of Networks
— Each network is a collection of items
— Each item has information
e What are the “Things”?
— Any Physical object
— Sensor and Actuators are embedded or attached

— Has some measurable parameters




e Some examples:

— loT in Energy — Smart plug, Smart meters, Energy Management
Systems

— loT in Industry — Predictive Maintenance

— loT in agriculture — Precision Agriculture

— loT for civil infrastructure — Structural Health Monitoring
— 1oT in Healthcare — Elderly Monitoring System




loT System Architecture

Application
g
Application _

loT Architecture — { J

Network/Gateway

i { =
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loT System Architecture

e Any loT system consists of the following parts:

— Physical Layer - Sensor and actuators with Embedded processing units
e Sensors- Physical parameters to electrical

— For example: Temperature sensors, Pressure sensor, Microphone
e Actuators — Electrical signals to action

— For example : Relay, Electronic flow valves, Speakers

e Embedded processing units — To process the incoming electrical signal and to send out
electrical signals

— For example : Arduino, Node MCU, Raspberry Pi

— Communication Layer

e Channel for flow of data from one point to another
— For example : Cellular Network

— Application Layer - Data collection, Visualization and Analysis Architecture




Communication Layer

== ~ L

T o o o i A R AT A A R R
—o

Physical Layer
Application Layer
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Components of an loT enabled Sensors

Sensor

— Analog

— Digital

— MEMS/NEMS sensors
Signal Conditioning Circuit

— ADC

— DAC

— Instrumentation Amplifiers
Microprocessor/Microcontroller

— For local processing of sensor data
Local Storage (optional)
Communication support

— For transmission of data to centralized gateway or directly to the internet




Benefits and Constraints

Benefits:

Can operate as a standalone device in case of partial
system/communication failure

Real time collection and analysis of data

Partially offload the computation load from the gateway and application
layer enabling faster and accurate processing

Constraints:

The system components need to be highly compact

The power consumption of the sensor and the peripherals must be very
low to enable continuous and efficient functioning

Sensor placement, connectivity and fault tolerance need to be highly
optimized




How to make loT Environments Intelligent?

Any loT environment comprises scores of networked, resource-constrained and
intensive, and embedded systems (digital objects, connected devices, and
virtualized / containerized infra). The charter is to make them intelligent
individually as well as collectively.

The Internet of Agents (loA) for empowering each digital object to be adaptive,
articulate, reactive, and cognitive through mapping an software agent for each of
the participating digital objects.

The concept of Digital Twin / virtual object is also maturing and stabilizing.

The proven and potential loT data analytics at edge/fog and cloud levels is the
prominent and dominant aspect for knowledge discovery and dissemination

The application of artificial intelligence (Al) technologies (machine and deep
learning algorithms, computer vision, natural language processing, video
processing, etc. ) leads to the realization of smarter systems, services and
solutions.



loT Realization Technologies

The Realization technologies are maturing (Miniaturization, Instrumentation,
Connectivity, remote programmability / service-enablement / APIs, sensing, vision,
perception, analysis, knowledge-engineering, Decision-enablement, etc.)

A flurry of edge technologies (sensors, stickers, specks, smart dust, codes, chips,
controllers, LEDs, tags, actuators, etc.)

Ultra-high bandwidth communication technologies (wired as well as wireless (4G,
5@, etc.))

Low-cost, power and range communication standards: LoRa, LoRaWAN, NB-loT,
802.11x Wi-Fi, Bluetooth Smart, ZigBee, Thread, NFC, 6LowPAN, Sigfox, Neul, etc.
Powerful network topologies, Internet gateways, integration and orchestration
frameworks, and transport protocols (MQTT, UPnP, CoAP, XMPP, REST, OPC, etc.) for
communicating data and event messages.

A variety of loT application enablement platforms (AEPs) with application building,
deployment and delivery, data and process integration, application performance
management, security, orchestration, and messaging capabilities.

Event Processing and Streaming Engines are for event message capture, ingestion,
processing, etc.

Edge / Fog Analytics through Edge Clouds.

loT Gateways, platforms, middleware solutions, databases, and applications on cloud
environments.



loT Connectivity Options

Multi-Sensor Fusion — Heterogeneous, multifaceted, and distributed sensors talk to one
another to create sensor mesh to solve complicated problems.

Sensor to Cloud (S2C) Integration — Cyber Physical Systems (CPS) will emerge at the
intersection of the physical and virtual / cyber worlds.

Device to Device (D2D) Integration — With the device ecosystem is on the rise, the D2D
integration is important.

Device to Enterprise (D2E) Integration - In order to have remote and real-time monitoring,
management, repair, and maintenance, and for enabling decision-support and expert
systems, ground-level heterogeneous devices have to be synchronized with control-level
enterprise packages such as ERP, SCM, CRM, KM etc.

Device to Cloud (D2C) Integration - As most of the enterprise systems are moving to clouds,
device to cloud (D2C) connectivity is gaining importance.

Cloud to Cloud (C2C) Integration — Disparate, distributed and decentralised clouds are
getting connected to provide better prospects.

Mobile Edge Computing (MEC), Cloudlets and Edge Cloud Formation through the clustering
of heterogeneous edge / fog devices.



The Smart Plugs

Gyan Ranjan Biswal and Soumya Debasis Das, “loT Driven Smart Plug for Speed Control of High
Current-rated Household Appliances,” Indian Patent Application No.: 202111011525 A, Filing Date:
Mar. 18, 2021; Publication Date: Apr. 09, 2021




loT Driven Smart Plug for Speed Control of High Current-rated

Household Appliances

* The invention relates to the design and development of a novel Smart
Plug which is designed to remotely control the speed of high power-high
current consuming electronic domestic appliances using low-cost

communication protocol.




The main objective of the DC motor speed control using PWM is to take a

signal representing the required speed, and to drive a motor at that speed.
* Pulse width modulation

* |GBT triggering sections

* DC power supply

e rectifier circuit through diode or thyristor
* Opto-coupler, Timer IC, and IGBT
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Duty Cycle vs Armature Current
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Current Research on loT

loT Network Design and Architecture
* |[oT-enabled home networks
* |oT and SMART cities

Context-awareness and Location-awareness

Self adaptive services

*Context-aware models and protocols

* Context-aware services - transportation system, buildings, roads,
water supply, environment and healthcare.

* Energy-efficient networks

loT Services and Applications

Architectures of loT services

* Tools and technologies for loT services

* Energy optimization in loT

* Modeling and simulation of loT applications




Current Research on loT

SMART Environment

* Smart cloud and loT

* Smart homes and cities

e Adaptive user interfaces for smart applications
* Interconnection of smart devices (things)

* Dynamic urban communications

* Indoor communications

* SMART healthcare and assisted living

* SMART transportation and vehicles

* MART phones applications and services




Current Research on loT

Energy Efficiency

* Energy efficient service provisioning
* Energy efficient resource utilization
 Data storage and processing

* Energy-efficient networking

* SMART devices and tools

* Energy metrics and benchmarks

* Energy-aware hardware.
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