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ABSTRACT

This paper studies on realtime Demand Response(DR) mechanism for improving energy efficiency in smart
home and home appliance-based Energy Internet of Things(EIoT) environment while preserving quality of
experience for energy producer and consumer. The objective of this paper is the design and implementation of
real-time DR protocol using Constrained Application Protocol(CoAP) / JSON based Observe capability in order to
provide real-time energy management of smart home and appliances in EIoT. At first, this paper studies on Open
Automated Demand Response(OpenADR) mechanism and shows the necessary of real-time interactive demand
response and energy management services in EIoT environment. Next, this paper designs OpenADR push
mechanism using CoAP Observe capability. Finally, this paper implements and compares the push and pull
mechanisms to verify the advantages of the proposed push mechanism in terms of performance and efficiency in

real-time environment.
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Fig. 5. Process Movement of CoAP Observe

o}2](Notification) 22 A4l 2 4 o). 28] 5=
250 oigk HRE FHE= Observe Process o A]
olt}. Clientellx] A¥lelA]l GETHERe] wlAA =
Observe S $33}0] RegistrationS- SaJ3ic}. o] % 2
w0l Bg Ju7} update =3S ) WY ® ARE F
714l 24 gle] Serverell4] Clientol| Al Fls- ok

2.2 AMARE oIS AHIAE 25t CoAP Observe

7|2t Push mechanism A4

2.2.1 CoAP 7ldte| MAR} =QuIg Z2EZo| JiQ

=8-S CoAP 7|Hke] frankg Zregls A
AZE Fankge] JhsElEE EAE ZREZo|L
CoAP 7|MFe] AAIZF oNkg T2 2 AX7E A
B~E ¢l8 7129 Pull mechanism™ 2]o| Push
mechanismS- 57} 248t} Push mechanism-2 7|
9] 4= 9HFS- registration 4ol Observe $-=34
o] 7151}, Observe registration T4 Sefo]ed
E7F Aue] 3 Sl ARE S5E 71 Pull
mechanismol|x] S5¥ A}le] AAld wf 1A
polling MIAIA& &3l A1e] A& izl A&
Push mechanismol|4]+= Observe update 255 8-
3 Mz} FEfoldEdlA 5E% 2Rl Al Wiz}
= AXZReR d#Erhk Observe  SEIH43
Observe update - v}2- 3.2.17} 3.2.2 Aol 24|
3] 7]%3ick

2.2.2 Observe 7|52 0|&$t Push mechan-

ism A7

2.2.2.1 CoAP Observe S-=Z3}4
Observe 52342 19 6 2l 18 69 (a)9}
Zro] 2duk# 4l OpenADR2.0b VINZ} VEN2| 523}

8- v} ¥ CoAP Observe 3412 AH8-317] ]34

534

VN VN
cowp coap 3 con>
sonver Gt sorvr Gt

J% 6. 7]¥ Registration A7} Observes EA3}5h7] ¢
3 37} Registration ¥4

Fig. 6. Original Registration Process and Added Registra-
tion Process for activating Observe

18 62] (b)oF 3ol 7]Ee] TEIAC T 55
A& ARE 37 5532 HA VEN(CoAP
Client)®] VTIN(CoAP Server )¢l|7] CON 3 Eefe]
AR5 o]g3le] FaukE Aol el ks
oWl E 2= 52313, VINS VENo|A ACK ]
A7 He2 S wARE Blck

2.2.2.2 CoAP Observe Update 14

Observe update 2H4-> 13 7 2t} 23 79 (a)
9} #bo] dukAel OpenADR2.0b VIN3} VEN<2
Pull mechanism®] oJdlE A 2 AHzE 3+
polling update Z}o]c}. o] kAo VEN+= 714
3l polling HIAAE &-4-3le] 2l A%l oMl E
7} deA #elgkh VINS oldlEr} gle o
polling #|A[A]el] gt S22 Distribute Event M|
ARE At oMEZE §le A9 ACK R
Hullch 23] 729] (b)+£ Observe update IH o2 5
=5 oWl E7} ¥bAIs}t 7J9- VTN©] Distribute Event
E 3% VENOIAl 54 2t} sll% VEN-2 Created
EventZ 33k}

VIN VEN VIN VEN
o cone o Cap
Sener Clont Sener cuant

oudPullg

oudResponse()

oudPollg

2| 7. Pull 3} Push mechanism®] WA|A] Z2% v|w
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E 3. XML JSON 99| Distribute Event Payload
Table 3. Payload of Distribute Event XML and JSON
format

Format Payload Data

<?xml version="1.0" encoding="UTF-8"
standalone="yes"?>
<nsl:oadrPayload
xmlns:nsl="http://openadr.org/oadr-2.0b/20
12/07"
xmlns:ns2="http://docs.ocasis-open.org/ns/e
nergyinterop/201110"
xmlns:ns3="http://docs.oasis-open.org/ns/e
nergyinterop/201110/payloads"”
xmlns:nsd="urn:ietf:params:xml:ns:icalenda
r-2.0">
<nsl:oadrSignedObject>
<nsl:oadrDistributeEvent
ns2:schemaVersion="2.0b">

<ns2:eiResponse>
<ns2:responseCode>200</ns2:responseCode>

<ns2:responseDescription>0K</ns2:responseD
escription>
<ns3:requestID>2e4327de62e02151b0f2</ns3:r
equestID>

</ns2:eiResponse>

<ns3:requestID>2b3dddfd214b55be2bde</ns3:r
equestID>

<ns2:vtnID>EPRI_VIN</ns2:vtnID>
<nsl:oadrEvent> <ns2:eiEvent>
<ns2:eventDescriptor>

<ns2:eventID>cadb39168ed73352b0£f8</ns2:eve
ntID>

<ns2:modificationNumber>0</ns2:modificatio
XML nNumber> 995
: bytes
<ns2:modificationReason>

</ns2:modificationReason>
<ns2:priority>0</ns2:priority>
<ns2:eiMarketContext>

<ns5:marketContext>
</ns2:eiMarketContext>

<ns2:createdDateTime>2017-02-09T06:41:17.0
00z </ns2:createdDateTime>

<ns2:eventStatus>far</ns2:eventStatus>

<ns2:testEvent>false</ns2:testEvent>
<ns2:vtnComment>

</ns2:vtnComment> </ns2:eventDescriptor>
<ns2:eiActivePeriod>

<ns4:properties>

<ns4:components> </ns2:eiActivePeriod>

<ns2:eiEventSignals>

<ns2:eiTarget>

<ns2:venID>cc0853370e25e04d58e3</ns2:venlD
>

</ns2:eiTarget></ns2:eiEvent>
<nsl:oadrResponseRequired>
</nsl:oadrEvent>
</nsl:oadrDistributeEvent>
</nsl:oadrSignedObject>
</nsl:oadrPayload>

{"Responsedescription":"MIR", "EndTime":"16
20", "RequestID":1,"StartTime":"1619", "Serv
ice":"oadrDistributeEvent", "EndYMD":"20170
JSON 516", "Response":100, "Value":100, "OptType": 313bytes
"optIn","StartYMD":"20170516", "EventID":1,
"ModificationNumber":0,
"TargetVEN":MIR_VEN1"}

25 JSON HRAl o 2 dlo]e] mellg]ste] A3}
Rqom o A= & 33 3} & 3% owlEr) Ay
739 A7} ¥ += Distribute Event ®A|X|2] of|o]
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m 4
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g8 agit). z EMA/VENS -4 25712
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Fig. 8. Energy IoT Architecture
E 4. AY 3
Table 4. Experiment Environment
HTTP/XML CoAP/JSON
VIN VEN VIN VEN
Atheros
Intel Core Atheros AR9132 Intel Core
pc | CPU h oy AR9132
i7-6700HQ 400MHz i7-6700HQ 100MHa
Spec
RAM 4GB 64MB 4GB 64MB
Operating Ubuntu 14.04 Ubuntu 16.04
OpenWRT OpenWRT
System RTS RTS
Language JRuby C++ Java C
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Fig. 9. Experiment Environment

© 2% HTTP/XML¥} CoAP/JSON Pull mechanism
< ¥|wEky o5 Z¥E BiEkOZ CoAP/JSON Pull
mechanism¥} CoAP/JSON Push mechanism< H]%.
Asledck

o7|M= Aol gk W8-S 7hE] Aluiick
7|Me Aol g WE-S 7S] Al

O}

3.2 A ALzl 3 Ao

B Ao ASE A A e v 7
t} 7t ZEEFo| w}E VEN-2 5 Z2EeZS A
Ash= VINe|| 12%w VINI} VEN2] 48 o
r/].g] o:]7:1£ 7Ll:r;}‘ /\1%—].0__ VTNQ]] ./I:{g].l: VEN 3]
NeE 17, 370, 97N, 20 = =2 uksEsiel 7+
VEN-2 VINeA A< 3 5 2] 58 3] & dF
2] KEEP ALIVE HA|A| & Poll HA|A| S F7]- &
AH4ghcl, VINo| ARAlolA] o124 % VENES}
Polling "A|A]& 2= =% 3h12] VENe| s}
o] Alg-skol| T3l o]ull EE- uhAS} A Distribute Event
HARAE Btk o] wf o[l E= Pull #4]3} Push
wrlog o] Fozlrl.  ode]  BAS &
HTTP/XML %99 OpenADR2.0b Z=2EZ3}
CoAP/JISON %71¢] OpenADR2.0b ZR2EZLS % 5
o} zro] dole] BT, oJWlE ST F 7}A] &
Fol|4] u]aL EAslgic) o] S ulEke ® CoAP/JSON
7]8ke] Pull mechanism¥} Push mechanism= ¢ A
3} FLsHA dlole] B, olHlE AL F 7}
2| gFollA] 53]l AA SAsta Hdhs vla
A8l

i

E L. AY 24 35 2 34

Table 5. List of measurement and the methods of
measuring
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List of

Methods of measuring
measurement

Event Response
Time based on the | that send Event to All VEN which are connected
number of VEN to VIN

Analyze and Compare the Event response time

Data Traffic based Analyze and Compare the quantity of Data til the
on the number of Event response that send Event to All VEN which
VEN are connected to VIN
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Fig. 12. Event Response Time measuring section
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Fig. 14. Data Traffic measuring section
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