Series Editor Fatos Xhala

Intelligent Edge Computing
for Cyber Physical Applications

Edited by D. Jude Homanth, B. B. Gupia,
Mohaned Elhodarry and Swati Viay Shnde



Academic Press is an imprint of Elsevier

125 London Wall, London EC2Y sAS, United Kingdomn

525 B Street, Suite 1650, San Diego, CA 92101, United States

50 Hampshire Street, sth Floor, Cambridge, MA 02139, United States

The Boulevard, Langford Lane, Kidlington, Oxford OXs 1GB, United Kingdom

Copyright © 2023 Elsevier Inc, All rights reserved,

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, incfuding photocopying, recording, or any information storage and retrieval system, withoul permission
in writing from the publisher. Details on how to seek permissien, further information abaut the Publisher’s
permissions policies and our arrangements with organizations such as the Copyright Clearance Center and the
Copyright Licensing Agency, can be found at our website: www.elsevier.com/permissions,

This book and the individual contributions contained in it are protected under copyright by the Publisher {other than
as may be noted herein).

MATLAB" is a trademark of The MathWorks, Inc. and is used with permission. The MathWorks does not warrant
the accuracy of the text or exercises in this book. This book’s use or discussion of MATLAB™ software or related
products does not constitute endersement or sponsorship by The MathWorks of a particular pedagogical approach
or particular use of the MATLABY software.

Notices
Knowledge and best practice in this field are constantly changing. As new research and experience broaden our
understanding, changes in research methods, professional practices, or medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using any
information, methods, compounds, or experiments described herein, In using such information or methods they
should be mindful of their own safety and the safety of others, including parties for whom they have a professional
responsibility,

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability

for any injury and/or damage to persons or property as a matter of products liability, negligence or otherwise, or
from any use or operation of any methods, products, instructions, or ideas contained in the material herein.

ISBN: 978-0-323-99412-5

For Information on all Academic Press publications
visit our website at https://www.elsevier.com/books-and-journals

Publisher: Mara Conner

Editorial Project Manager: Emily Thomsan
Production Project Monager: Swapna Srinivasan
Cover Designer: Miles Hitchen

Typeset by MPS Limited, Chennai, India

i Working rogether
’ { o graw libranes in
s PR developing countries



Highlight


Contents

LT O O TNMOES S cumexes swses sovuseavavexsmomsotvaveds puvrtorsssvueabyrsaves ssbbbRa sV SR SO runas fwwed spmueybvmabis vidus aduny O gAY xiii
CHAPTER 1 Introduction to different computing paradigms:
cloud computing, fog computing, and edge computing...................... 1
Swati Vijay Shinde, D. Jude Hemanth and Mohamed Elhoseny
L IO O s 0 A U S T S S e AR S s B v 1
1.2 Computing paradigms: cloud, fog, and edge computing
1 Clond O i N s N i A S s s S Rty
L] A O G i e O R s R A o S iy 5
1.3.2 Advantages of cloud computing ...,
1.3.3 Drawbacks of cloud computing ...
D B S0 L T 0 1T Ry VO L L oL L e WA SRR O VR T
1.4.1 Fog computing architeCIUIE ........c.c.oiiiuiiiiiiiiieeiiienic et et st eeassseasebeebenens 7
1.4.2 Security issues in fO2 COMPULING......ccoeriiersireirsss s es s ssaseses 8
1.5 EdZC COMPULINE. oottt ittt ettt eb ettt eb et s et en bbb 9
1.5.1 Architecture of edge COMPUIINE ..ot e eeee e senns 9
1.5.2 Advantages of edge COMPULING ..vvvvveeiiimnsimmsiisss e eessessssissssnn 11
1.5.3 Drawbacks of edge cOmMPULING .......ccooiiieiiiniiiniisir e saencsienees 12
1.5.4 Security in edge COMPUINE ..vviervrrirmsrirmmsssmmmesesssissssirsereesssosssssmmssss 12
1.5.5 Use cases of edge COMPULING .....ccccovecuiinnniinmiiiimmisiiinsinssnssssionisssisasaisssnsaises 13
1.6 Challenges of edge COMPUTING. ... .cceviiariremrmcienaneeriaeesenesessaesensessenesesassesaenssessasacse 15
VT COREIINEION o, cesinssiasicoiasanssdsanss ssmadins aveisssiassowsnu s oTeaosa T4 5R543 5555735003 53BE3 145 58 05 ERUHNRHAUNTS 15
R O OIS st e S S oo N S S e R T S B T o O i S s a0d 15
CHAPTER 2 Supervised machine learning techniques to protect loT
healthcare environment against cyberattacks ......................c......... 17
Sanaa Kaddoura, Amal E|l Arid and Auday Al-Dulaimy
T O O G N S N S N S R 17
2 B O e e S A e e s 19
2:2.1 INEINEL OF thiNES OVEIVICW  siiiiirsiariovvoses saacesssssssontssronssasdanssantossontonsorsdatssaessnt 19
2:2:2: Internet: of medical thRES .c.oiiiiimicioisslisssisainniiirinisissinissbansbiusmsilomissssatisns 20
2.2.3 Cyberattacks in healthCare SYSIEMS oo 20
2.3 Problems in healthCare SYSEEIMS c..iiriiiiiieiiiecisces s cecasees et eaess e eieseneneseseneieen 21
2.4 Recent research in cybersecurity and health informatics. ..o 22
2.4.1 ToT sccurity in health informatics using machine learning .....covvecviievnnn 23
24.2 loT security and COVID-19 pandemic ..........c.cooioiomiconcnricceceeecieneens 24
2.5 Supervised machine learning techniques in detecting malicious
behavior in health iIRfOrMAtICS oo 25



Vi Contents

2.6
2.7

CHAPTER 3

3.1
3.2

3.3

34

CHAPTER 4

4.1

4.2

4.3

44

2.5:1. Datasets eXperimental PESUIS ... .cc.iqemsepeicrossmiossasasessssons csoisasroisysessussssasstonssoss 26
22 IASCISSIOM.: oxxcons s i a5 s ansasaaiay smems sEnn doNasia st gta s g3 C3sasTaT s AN 28

Challenges and réSearch areas ........ouievirimssirsssmssssmsasrmrsssssasiarssssiosssns e 30
Conclusion

REFCTOICEOR: i i iss 5608 is b s b oGNS T o ri0 R T P AR PN B sSSP e 31
Design of a novel privacy preservation based cyber

security system framework for secure medical data

transactions in cloud STOrage ..............cccooevvvreiecviesisecesreseessenians 35
S.K.B. Sangeetha, K. Veningston, Vanlin Sathya and R. Kanthavel
SYSTENNTNOBEE v vnanicsassass seonrisvessssmionisasstsecoasemmindes assnmans ransbasniNaesdsARA A R sndsmararn asses 36
3.2.1 Objective and function of proposed model .........ccooooiciiiicciicnnieerenen 36
37  SANIRE AU PIOCCSS: i viosiusaaususarisnsinsssasisiosiossssvsnyissisnssisesniesonasinsassissasissnnssss 37
3:2.3  OptMal - Key BONOTAMON.  i::. ciouiuiissassssussssrsssivess sssgassnssis (iszeiopsdnssasssassasesirorssio 38
324 RESLOTANON POCESE 100 qonervissiesssess sunusssanassssssssssassiiosnssesnsssooadisss

3.2.5 Proposed privacy preserved cyber security approach............

Results and: BISCUSSIONS oo niiiiiiaiiinivminas s omsspmesssidssy sssesoidssmisminsyonions
33: 1 B periment Al St i A b s e SN Ak s e
3.3.2 Performance MeIrics .......ccoeveeevenens

O D Y e B R o o e R S S R i 42
R eI G5 T S B itV B s R S s 42
loT-based BIM integrated model for energy and water

management in SMart ROMES .................c.cccoovciiiiicicciece e 45
Mervin Ealiyas Mathews, Anandu E. Shaji, N. Anand,
A. Diana Andrushia, Siew Choo Chin and Eva Lubloy

I O O o R T B S e R e B o A T S S R R o oSy 45
A.1: ) R eESeATCI O B Ve i s s s i G S R R R G asiiaons 47
B R RN & T N N B N e NS UGt N SR S AR a7
4:21 Sustainable Il ra s e e i s R S SR as sl 48
4,2.2 Building information mOJElng . ...oovviimmnineominesmmmmsmssmsssesssmin 48
VIO OIOBY, .. 00 toscs il rwde b bt siddsshrmimssaicsosessoimibn kednsdbbntd $AEL bimmt Biemamn su kot sk so kA4 Mboi b 49
4.3.1 Architectural MOEH ... ieiieieeeeeeieaeree e eee s eeesseeesseess e s sssesrnasessassessnses 49
4,32 STuctural MOGE]. .ot n st enne s 50
4.3.3 ENrgy ANAIVSIS coommiicocoricotiieeeeemiseeesseesseeseanaesenee e sase e st e sre s e e eneeeeneaes 50
RESUIS ANA BESCUSSION..1cvvtiiiisisiis i cesseesisiss e ses s ssnssrmssssmasssessss s srans ssssssssssnsssesenes 52
4.4.1 Window-10-Wall TatO......ccocccciuiiiiianiiccricrenniiis et sas s coscreeasiasastessassssnsasnenasss I
G A2 WINAOW SHAE ... os665051msisuemissonivnssonive sicisminssimmenysbiciasisviisnsiitsvorsonasisnmiiismnnsss Iy
440 BOrding Or IO i caves o cumiasinsaisnnnsvonsasssvansoxisissassi s s o UoRavainasTsauidasaisson 54


Highlight

Highlight

Highlight

Highlight


Contents vii
445 Lighting efficiency, daylight, and accupancy controls.......ccococceiecnccenn. 34
4.4.6° 'Wall:and roof MABTIALS. ... essuissisiiissions ssssisinisn s aissimesp asmasios 56
4.4.7 Sunlight eXposure SIUAY ........criersieriersiirrenermsssassssmmssssmssreresssrasessessassessseses 57
4.4.8 Bi-Directional plumbing SYSIEIM ..o e irenmemsemsieimssisiessmsmsssssmsssasne 39
449 I0T-BIM integration SYSIEM .........c.cceucimimiiracsiensirmssessmmssssamssisisssnssssssensesess 99
4.5 SOMMALS AN COMCIIBIOME e iiism s ssonsisminispaess S 1955 (oo e e ass v o s 64
R T O e R B N R A B B i R 64
CHAPTER 5 Reliable data sharing in medical cyber physical
system using fog COMPULING...........coiveiiiiiciii e 67
Rachana Y. Patil, Arijit Karati, Yogesh Patil and Aparna Bannore
DB | IDTOMUCIION sicisss cosonsisiniss ansiassnsiinsnissosiisiagonsisdoss risaiabesssnssisassasas snmsies etssasaniisingsins 67
B R T B 68
5.3 COMPIEXLY. BESUMMPUIDINS s vmey rosssviosssaorsnssionsss 65 55w vdi smay s yoadowsm IR GRS 69
5.4 Formal model of proposed IBPSC-MCPC-FC scheme.........cccccovieeeiceriiiniiicnanes 69
5:4.1 - Security defIMTON ias vy wsiiidsssuissumisnasios eisiaisovvessiodeommsspais ciassvsion 70
5.5 Proposed identity based proxy signeryption for MCPS using fog computing ....... 72
A L et A RO I R s s s R i s R e 72
5:5:2 Koy extracton-BlQOrIRI i ..ol iiniiviaiisnmismmesssasissosiosnasdonsssssssisomissonsoonass bbs 73
5.5.3 Warrant generation and delegation algonthm...............oiiin 73
5.5.4 Warrant verification al@Orithm ........ccoooiirnieeiiesiniesssienssisesessesmnsessenssess 73
5.5:5- Proxy:signcryption: slgomthen . (i LSRR 73
5.5.6 Unsigncryption algorithm ...t sses e cem s eeadr s eesatene 74
5.6 Sccurity analysis of the proposed SCREME v.oiiewie oo ons 74
501 Perforniancs BIAIYSIS 1.0 vseressstmmssitomsstcati hassssbmst dbivwtsbssnasd biops brssonattmiss ity is 77
5.7 CONCIUSION 11etrreriremsssseenssreeessssesessesassasssssessssssesssesesssseeasssesesssensssenssessaasssesesssnsassses 81
RETCIOICES ..ttt 81
CHAPTER 6 Secure medical image storage and retrieval for Internet of
medical imaging things using blockchain-enabled edge
(LT ] e B A s PR R A LR et 85
Vijay Jeyakumar, K. Rama Abirami, S. Saraswathi,
R. Senthil Kumaran and Gurucharan Marthi
O T IO O L A D 85
6.1.1 Types of imaging MOdalities ... 87
6.1.2 Picture archiving and communication SYSIEIM....c.o.oeveveeeereeerrreeerremeeeeeeenees 88
6.1.3 Rewricval of medical images in PACS ..o 89
6.1.4 Secure storage MechaniSmS ... ..o 92
6.2 TRIEINE! OF THINES 111evrrivrmeserenseensssrensssssasssesesssenssessesssesenssssrasssarasssemsssseasesesssssenssees 93
6.2.1 Internet of medical thINES ... 93
B E R COMIPMEEITREE. . . ososisass s oD i 4 s 43 a4 s N S A 93



viii Contents

6.3.1 Salient features of edge COMPULING ...t seneens 95
6.3.2 Role of edge computing in healthcare
B BIOCKERRIN ., -vsivesisscsnssssasiisomansovinsssasssasssss sosdunssesssssamias smaismvpssuvsonsions
0.4.1 TransaStion Mld BIOCK ... vosivicesemssivmsivissimsossisevsinepsisossisssossiesmsissssi porsvss
6A4.2 Consensis MECAMISIN ... cciiiiiiiiionisinmssiiioinss ddadessocsss fandoisyansisosaissrnsnssossisss
6453 DAL COMIOUCTS ;i 03505 55005 1505 A e iSRS 045 5 EhES ST b iAo SRR 98
6:4:4 Distributed: admers: s e S R S RS 98
6.5 Medical imaging modalities with the Internet of Things.........ccoooiiinne. 102
6.5.1 Machine to machine commUICALON. .....coiiiiiiicii s 102
6.5.2 3G on the Internet of medical imaging things .........coocenvcverencrenaeninnnas 105
6.5.3 Blockchain and edge computing in IoMIT Lo, 106
6.6 Challenges and opportunities in blockchain-based ToMIT............. 108
BT S UMY A GONCIUBION e e et s s e e 109
RROTETCIICRE  codidsiosissonssiooasidobinesssasassnasasbmmedinsuedssiss ibosssitboois st sbasaasissssiasinsusdasiogiive 109

CHAPTER 7 Lane detection and path prediction in autonomous

vehicle using deep 18arming.............ccooeeevveireeivieereseeeieemieeessneneeenns 111
Renu Kachhoria, Swati Jaiswal, Meghana Lokhande and Jay Rodge
TT INITOUUCTION 11ovtrivinsirisisissessessseseses s essassesesesseeasssanssess s e aes s ene et enesssnssssnnesesens 111
7.1.1 Previous work-related analysis........cocooooerieicniieronicrsse it 112
TR S AIBOCR . ivisins s sovion onssesi ot mems i mhns (R A RSN AT RS AT Sam SR O VAP 113
T2 ResSNeE ATCHILBCINTE i,uuuiissiiiioyissssensisioisssssediiisnaaivasisvanasiississsssasssssuarssasisvsansutinnniiisans 116
T2 Dataset BESCTIPRION: w crrswsvissssmsssssrssrresssmas st s i (ST aoRse Ay srree s A 121
Te3 CONCUISIONG <iccsiuiussisassssnsismsassesssnissnasssssisissnsssssssdasss sweesssasuons sns) (onasossassssass somss 122
RRETOTOIICOR i 33 3803855000 A 3 A A A K P S A s SR 126
CHAPTER 8 Intelligent autopilot fire extinguishing robot............................ 129

M.N. Sumaiya, J, Vineeth, Frashanth Sali,
G.R. Supreeth and R. Supreeth

Bl IO O s s R e s e 129
8.1.1' Need for automatic fire extinguishing robol ..., 129
8.1.2 EXisting Methods.......ooeoeeeeieaeeceeeeeee e eeeceescene e s reseesceseceassennesesmeassenaes 130
8,13 Scope and OBJECHVE 11vviieiieasriisss s ssesssssssssnsssssrsssssssssssssssssssssnnss 131
814 LATOTAtUIS SHTVEY ocouiuviosiiieuiaseraeseeaesaimsssssnessis et siassssssaasssnsssesanasssaessssassessssns 131

8.2 Proposed system: materials and methodology. ..o 134
8:2:1 BIOCK QAP .o peses contiommassassmmnssaansssadaqs massssagasssusassisasdaspnnsysasvas srasagsasasnssnasy 135
8.2.2 Required SORIWAre .......cccovuecoecicceceeeemenraracnccenanae X s . 136
823 AP0 SOTEWEHDE . wiisenmsxsssiss mmsisvmmivmmnnivssssisiommassisionss eisisssmivesimuvminmynsoss 137

8.3 TDICIIEOTREIO, )..covssiss covaiassins ivssn oo Yeakvsiiymvis 55553 S 0vass Syasioi et 6 AerAVRNYgbidi goyss 137
B3] OBEIACE TETEORION vriiisvscssvwisisnnissmmmivvisiivbans SesvantsFomssreoisvoppaeamn Frasivvagivepsess 137

8.3.2 Temperature, flame, and gas sensor deteCtion ... i 138



84

8.5

CHAPTER 9

9.1
9.2

9.3
9.4

9.5

CHAPTER 10

10.1

10.2

Contents ix

8.3.3 Robot direction CONIIOl .......cccocoviircnmirneieceriicsiessersesenssesassesmsesssensss 139
8.3.4 - Coniponents inVoIVed . ... wiasiisianssiiiciissiossicimisos o ioussaiiatiai i 139
Experimental results and diSCUSSION .....covivevivnmesninssnirnsrmssssssss s s e 144
841 ObSLACIE: BETCCION iviiessisnibiiaiaivienmimviirsnsvissss siabs dons s Namssarasvss soats PR EoaT S 144
8.4.2 Temperature, flame, and gas sensor detection .............cccvecccviencccnnnnnnenes 145
30 SLIR T (%a (7 ) T g T b R S D I e e b LR e ko S L AR R 145
O R MY A B R R B L A L S SR S R s 147
R B BN - S o i R sy R i 148

Applicability of edge computing paradigm for Covid-19

T R e e B N T B (S XYY e B T R O 151
Amit Sadanand Savyanavar and Vijay Ram Ghorpade

INEroduction ...
Personal computing devices. ..o
9.2.1 Smartphones.......ccoooiveiiiviiccaiiunnas
9.2.2 Wearable devices .........ccrevverencnns
O B OINPANEIRIE o iamssssarns 46as 4 0ab s onoi s inas SRS O (a3 43 SPGB U SRl
PrOPOSEA WOEK  .c03y050:00 5003 00e st siuss s ot o s 505s 5oy o2 M o F MRy 154
9.4.1 Experimentation and result analysis ... 156
Clond COTDPITINE L. conuissimsimsssam foumss e s e s i 3558 R B AR svaaih 161
05T IMIACHING ISR = tioiionssionssaivnsens rmoadisss do a5 daunn sibi sREaass bos s PR omonans 161
9.5.2 Decp learning with radiological Images......ccmiiimminn 162
O S O s o A i O B B B S R S ooy 163

Ry B R G B B R L R sl
Ethical appmonal iz o e i i
Patient consent for publication ..........ccocoooeiiiieninienns
Declaration of competing interest .
REFEIBICRS ... . crersomsoorssassssassrsssessonassrornssssassssnvpsnsronssr

Design and implementation of UWB-based cyber-physical

system for indoor localization in an industry environment ............ 167
Shilpa Shyam, Sujitha Juliet Devaraj, Kirubakaran Ezra,

Jeremy Delattre and Geo Kingsly Lynus

OO IO, s 3-ct mneeh i 2 0 s NG 423 iS4 RSN34S S 167
10.1.1 Techniques and technologies in cyber physical-based indoor

POSTHOMING SYSICIMS oovivansiireransrsessmrsssisrsssssssmessssssrsssserssssssssssassssnessss 168
Role of UWB in industry 4.0.......c.coiimiiiiiniicciiinciisiiesiessss e cessiesassssecas 168
10.2:1 Mohve Dehind INi8 WOLK «vvsep s st mmamsyssaviosisimssmesisrsmapesseis assisimmsvmy 169

10:2.2 Problem formulAtIoN ... ... imeciasnssissssissssesss sessisssosssssadassostasnnsssssngaissaniss 170



X Contents

10.3

10.4

10.5
10.6
10.7

CHAPTER 11

11.1
11.2

113
14

11.5
11.6

CHAPTER 12

12.1
12.2
12.3

124
12.5

12.6
12.7

10:2.3  Objective behind this WOTK......cc.cvccsssacacersrosiososmesascinssemasiasamsasaasasasassasnss 170
IVICRROOMDBY ., 7655 v caarsnmsns vadnepeos assui issbins s g TN dasss samea N RN 035 G i 5 SV S 170
1031 TracKINE: OF A8SBIS wivervressivssssvavensssmint sssssisroonbrssssky s ssvassses i dhoas umaaisssveys 170
10:3.2 - ASSCL MONTIODING <ovvrrersasrosisnssassssonsiiovsiisisssiovessssosessaissaasssessivosenssossisrasiivsnsss 173
10.3.3 NLOS error identification and mitigation ...........coocviiiinciesisienasenns 174
DV e O AT ACIOEIIIIC S v ceuioisnosvicrassaniss furse i sibm A s oo s ER3eioy de  o5  OHASYARS 175
JO A OO i e B R e S R S B I S N L o) 175
LA A s A A e L A B e s 175
10.4.3 Decawave DW1000 UWB chip.....cciiiiin 176
d 0.4 M PO OO O s T o R o Ay A R R issvannisi 178
LS R P L s s R Vs N SRl 178
Experimental resuls i R A N R B B G iiaiadis 180
O S A O o s e e S R S iy 182
ChETHCIETISICS SUTIITIATY v.d10ss0ssbicsssitaressshussbingabhsbidddbmads (AABEAL1IALE bIARADI RN Ead bl AnsnAL 100 182
AcknOWIedEEIENL . .............c.occoecereermcecennsee seneeceenesnenasmensassbensassmeasenemsssnsssanasesess 183
ROTCTOICES. ..u0ciiaesssasnsssanesssssnssssanssisnsassnnasssanass sossssassnssssnassssasassansassanasssnsasssosasssassass 183

Application of intelligent edge computing and machine
learning algorithms in MBTI personality prediction ....................... 187

J. Anila Sharon, A. Hepzibah Christinal,
D. Abraham Chandy and Chandrajit Bajaj

TR DE O CRTON s enassunne ssomszimmarnscasesasoats consysnpanseytosns punnegonarasrmsnyNinnges reehhason spassnstonnosshaay 187
E IR AINIOE BUTVEVS. - 1. covcissaqncn osdbeic axp o g3siusadss 344 s b s g3 b DA Eb ko K3V e i g 191
T30 MACHHNE TEBIIMIE: v ccosexrmmuvimmmmersronssriaiohvnssssisnns shsnesrdrsadymisas savs iFapssnesssbissass 191
11.2.2 Cyber-physical systems: Internet of Things ... 194
MOUCY: AFCIIIBEING: ; ovcisrssiome orssn s odeissssaissios s seniressissine 5o s osv EE S oS F Y S 194
Nater S S TINOUOMIS ;oo iiaanic muisyeradsinuans sanss s4assness s s KOASHESIHaR VA REa U AR SRR TRRGRO 195
11.4.1 :Mode): doVelOPIMENE: . c:qouuiicaciasissinatios v aaRusiuiassinass o s gtz 195
ReSUMS; AN QISCUSSION svi:sivivs csivissaassrssss svasesresvarimsss soesh s asess v uapaapansuvsssobas sovase 207
Conclusion and Tuture: WORKE: o e s i ey s T ooyt 213
B I O, s s S R T A BB I 213
e N s i s N e U v et e s e S e i 215
Techniques applied to increase soil fertility in smart
AGIICUIRUTE ... e ea e se 217
Jyoti B. Deone, Rahat Khan Afreen and Viraj R. Jadhao
B RO AT s eunysvues sexapyryrasntsatss sanrhrsoascusNpas 1y Aanr s R lg A et ya Y ESmhY YRy pdn o s 217
Related work 217
Different approaches for improving soil fertility ... 218
123, 1 Precimnon JUrImINE ;, cuuiassessissssasssvasaorigisrissnsisssssaobeiesoasesiassaissoesissdossnansinsusass 218
b A O T LT 1y )] R L T —— 218
Contents xi
Government programs to promote organic farming in India ..o, 219
12.4.1 Nuclear technology ..ot nenn 219
I N O Ol BN v siemr s remssenmnms st s Kty v b Y S ma s by SN BN SR RS Y Sy AP BY T AT TR RO 220
125:1 DatoSet OoECtION: oo rrsarrs cemrisrnsesrnmmrsermensvamess sasvasevenssiqamarniaasasses rommmervunasi 220
Model comparision and evaluation ... ..o ccsaceeecess 229
L T T T TR 226



CHAPTER

loT-based BIM integrated model for
energy and water management in
smart homes

Mervin Ealiyas Mathews', Anandu E. Shaji®, N. Anand®, A. Diana Andrushia®,

Siew Choo Chin® and Eva Lubloy®

'L&T Edurech, Larsen and Toubro Limited, Chennai, Tamil Nadu, India "Dc-pmrmmr of Civil Engineering, Mar
Baselios Christian College of Engineering and Technology, Kuttikanam, Kerala, India *Departmens of Civii
Engineering, Karunya Institute of Technology and Sciences, Coimbatore, Tamil Nadw, India *Department of
Electronics & Communication Engineering, Karunva Institute of Technology and Sciences, Coimbatore, Tarm! Nadu,
India ‘I)e-parrmem of Cival Engineering, College of Engineering, Universiti Malavsia Pahang, Pekan, Pahang,
Malaysia "I)r'/mmm’uz of Consiruction Materials and Engineering Geology, Budapest University of Technology and

Economics, Budapest, Hungary

4.1 Introduction

Smart home is a concept that mainly focuses on enhancing the comfort of occupants and facilitating
household activities [1]. Smart homes can be improved with Information and Communication
Technologies (ICT) to provide the user with context-aware automated or assistive services in the
form of ambient intelligence, remote home control. or home automation. The idea of “smart”
homes is to integrate smartness into homes to guarantee residents’ convenience. safety. and security
while conserving energy. The smart home is commonly addressed as a smart house, home automa-
tion. intelligent home, adaptive home, or warehouse [2].

The first definition of a smart home was provided by Lutolf [3] in 1992, The idea of a smart
home is the integration of different services in a home by using a common communication system,
This system provides an economical, secure, comfortable, and cnergy-efficient operation of the
home. which includes a high degree of intelligent functionality and flexibility. It also uses internet-
connected devices to enable the remote monitoring and management of appliances and systems,
such as lighting and heating.

Energy and water management are the key elements in a smart home, and a smart home func-
tions o reduce energy consumption and manage water in and around the home effectively,
According to Lashkari et al. [1], energy consumption has increased due to the rising population and
expanding economy. With the improved quality of life. energy consumption will continue to
increase, and the increment rates are expected to continue. High energy consumption will lead to
high emissions of greenhouse gasses (GHG), which has a serious impact on the global environment,
In 2004, the building energy usage in the European Union (EU) was 37% of the final energy, which
is higher than other sectors such as industries (28%) and transport (32%). Unlike other sectors,

Intelligent Edge Computing for Cyber Physical Applications. DOL bitps:i/dolorg/ 10 L016/MSTE - A23.5494 1 2. £ 00009-§
Copryright D 2003 Elseviex 1nc. All rights deservold 45


Highlight

Highlight

Highlight


|
46 Chapter 4 loT-based BIM integrated model

there are various atiractive opportunities for buildings 1o reduce energy consumption to have lower
costs and higher returns, Meanwhile, energy consumption in the residential sector in the year 2007
represented 21% of the total US demand. After the initial increase from 17% to 20% from the year
1950 to 1960, the amount has remained between 19% and 22% to date [4]. A huge amount of
home energy is consumed ineffectively. It is reported that residential buildings are responsible for
409% of global power consumption |[5]. The poor technology of energy management systems is the
main cause of energy waste in homes.

Sustainable development goals (SDG) aim to ensure affordable, reliable, and sustainable modern
cnergy for all occupants, Sustainable development requirements and the significant increase in
energy costs necessitate the reduction in energy consumption without compromising on the comfort
of the consumers. Integration of intelligent management systems in buildings will lead to less con-
sumption of energy and save cost at the same time. The concept of smart homes has therefore
received overwhelming attention in the last decade due to its potential in providing comfort to the
occupants along with energy management.

On the other hand, the water industry is facing new challenges in managing sustainable urbun
water systems. External factors such as the impact of climate change, drought, and population
growth in urban centers have increased the responsibility to adopt more sustainable management of
the water sector [6]. Some of the main challenges in water management include cost coverage,
monitoring of nonrevenue water (NRW), and knowledge of customers” demand for fairness in reve-
nue |7]. It is important to have proper water management due to the growth in population and con-
centration of water needs. It is therefore necessary to use advanced technologies and the adoption
of more robust management maodels to meet water demands [8].

Water stress has become a major issue due to the scarcity of freshwater reserves in different
regions of the world. In 2025, it is estimated that almost half of the urban population will live in
the water-stressed area as this precious source is becoming scarce rapidly [9—12], According (o
studies, a possible solution to avoid a worldwide water crisis is by adopting water management and
control systems based on automated solutions such as the loT. The integration of the loT methods
is considered one of the best possible solutions that would enable the maintenance of a sustainable
and cost-eftective water supply [10,13—15]. Some of the advantages of water management in smart
homes integrated with IoT technology include a better understanding of the water system, detection
of leaks, conservation, and monitoring of walter quality [16].

In the past three decades, a revolutionary approach like BIM has been developing in the field of
construction and design. Xu et al. [17] defined BIM as “a model-based process of generating and
managing coordinated and consistent building data that facilitates the accomplishment of estab-
lished sustainable goals.” This signifies that BIM has reached a level to facilitate high-level analy-
sis as well as evaluations for buildings. These can be performed through techniques such as
acoustic analysis, carbon emission, construction and demolition, wasle management, operational
energy, and water use. Additionally, BIM could be expressed in a 3D model of multidisciplinary
data for various analyses [18]. The innovative development of BIM could provide opportunities to
support green buildings through the application of high-tech programs or devices such as the loT
and smart devices.

In the context of smart homes, 10T refers to the nature of the interconnection of sensing and
actuating devices and the ability to share information through a unified framework that could
develop a common operating picture to enable innovative applications [19]. The IoT is an






