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ABSTRACT

Open Automated Demand Response (OpenADR) has been developed as a standard protocol to provide
intelligent demand response services for utility companies and demand response operators. In the residential
space, demand response technology is being used to increase energy efficiency while increasing user satisfaction
with the concept of intelligent energy consumption rather than simple power saving. However, demand response
services to residential areas are expanding. In the residential space, many users and IoT devices are connected in
a point-to-multipoint manner. Therefore, existing OpenADR 2.0b messaging protocol, HTTP / XML based data
modeling and unicast message transmission are not appropriate. In this paper, we propose a lightweight demand
response protocol by using Broker which is based on multicast message transmission method in Smart Energy
IoT environment, implement multicast based demand response Message Queuing Telemetry Transport (MQTT)

protocol and compare the performance to that of OpenADR protocol.
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Fig. 11. OpenADR architecture based on HTTP / XML
and OpenADR architecture based on MQTT / JSON
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Table 2. Payload of XML and JSON Format.

Format Payload Data

<nsl: oadrPayload
xmlns:nsl
="http://openadr.org/oadr-2.0b/2012/07"
xmlns:ns?2
="http://docs.oasis-open.org/ns/energyinterop/201110"

xmlns:nsl4
="urn:un:unece:uncefact:codelist:standard:5:
IS042173A:2010-04-07">

<nsl:oadrSignedObject> 499
XML <nsl:oadrResponse ns2:schemaVersion="2.0b"> b
<ns2:eiResponse> = = -——-————————————————— (a) ytes
<ns2:responseCode>200</ns2:responseCode> ---- (b)

<ns2:responseDescription>0K
</ns2:responseDescription>

<ns3:requestID></ns3:requestID> -------—-—-—---- (c)
</ns2:eiResponse> =  ———-—---——————-——————————o (a)
<ns2:venID>cc085337</ns2:venID>  -————-————————- (d)

</nsl:oadrResponse>
</nsl:oadrSignedObject>
</nsl:oadrPayload>

JSON {"Service":"eiResponse", "responseCode":200, "requestID":null, "venID":"cc085337" } 75
(a) (b) (c) (d) bytes
Data Mapping
entity XML JSON

. <ns2:eiResponse>.... . X
Service (a) . P “Service”:“eiResponse”
</ns2:eiResponse>

<ns2:responseCode>200
Response Code (b) P “responseCode”:200
</ns2:responseCode>

Request ID (c) <ns3irequestiD> “requestID”:null
q </ns3:requestID> q '

<ns2:venlD>cc085337

VEN ID (d) Db “venID”:*cc085337”
B =R AlRRRe R 371 Avte] e Fell 3 dlole7} F5so] vpehdr] wstell spAle] Sxrt
WA Aluke]ent Adgsha #43ich ezlvke e Zeth Zell vls) Alsk shke
JSON 7]ke] Hlole] 2aled & vig-& Aol 5
2.3 42F OpenADR2.0b2| JSON == 3 A>3} ¥ Fzolr). ISON.OZ AAE dlole] &
oFl smrflell s el R ARE S wege) sl B Frels] whitel] AZS PR 2
g3 Exlo] 7153 Ak wAX| S $3F CoAP ©]& o} A7F Bate Zwelld] He] £ws) whach wak
ato] ol I#] ToT &HAell ek Zede] anhs = =207 2 aghe] gk 7] wlie] AllA o R
RS sk vlal THEHIEE CoAPUSON 71 gojo) stor she gepo 2 ola) whe sby S8
Hb OpenADR2.0b ~ZEFo] HTTP/XML 7|4t zhevhe Aol Slek w3t AA|oh wide) =5 2
OpenADR2.0b Xt} vloJe] Edf] folu} A5 &1 31.917] Wl dlole] FAJo] Mt} gHoR S
of] ?Hgk o] e] sigdek o1l = elA) 3 247 ToT sl 7k 7o) AR et s w T2} g
73 dleTe] el Payload wlatdt Aol Alek 2 o)) wjiol hgape] vie wlele) Aol A3
2] Poll MAA]i= VENe| 7202 4=9ukg- oful 317 ol thdS Zhr)
E7} 9)=A] VINIA Aoz wlA#]o]w VIN©]
Sikg oES} olE W Sanke oM wA%] A &
s SHeE uERAl ®d B =tedxx
MQTT/JSON 7]} OpenADR 2.0b= CoAP/JSON7] 31 AsEH
1k OpenADR2.0b'%} 22 wlo]e] wele)g wigirl B ARL 3 A 20kE F oA 10T 37
XML ggo] golstar A sliHs} #Afe] 7Fs3t TR 22 148} Pt ~nkE olUR] [oT 404
the Aol slevt =ash ez <l 8] & VIN-S Linux Ubuntu PCollA] Al8)=]m ofii=] Al4-
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Fig. 14. Architecture of Smart Energy IoT Environment
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EPRI AlollA 373} 9l S E 4B o]83)e] Al
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Table 3. Experiment Environment
HTTP/XML MQTT/ISON
VTN VEN VTN VEN
Intel Core Atheros Intel Core Atheros
PC | CPU i5-4200M AR9132 5-4200M AR9132
S 2.50GHz 400MHz 2.50GHz 400MHz
RAM 4GB 64MB 4GB 64MB
Operating | Ubuntu 14.04 Ubuntu 14.04
OpenWRT OpenWRT
System LTS LTS
Language Jruby C++ Java C

T2 15, Ad 37
Fig. 15. Test Environment

n°"
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4.9 24 9% 9 24wy
ab

le 4. M easurement list and methods

o H
e

List of measurement Methods of measuring

Data Traffic based Analyze and Compare the quantity of Detail the
on the number of Event response that send Event to All VEN which
VEN are connected to VTN

Event Response Analyze and Compare the Event response time that
Time based on the | send Event to All VEN which are connected to

number of VEN VIN
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OpenADR2.0b =2 &EZ¥ MQTT/JSON Z]
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response time, Data traffic T 7] d5ollA] vl 2
A8k

3.1.1 VEN 7Zliso|l m& Event Response

Time H|

R =foll4] HTTP/XMLZ} MQTT/ISON H}2]9]
Unicast WA12] dlo]e] B3} oJulE g5t A7k
B 3k MQTT Multicast 7]%+] Lightweight <=
SRk ZREF| AF H 7]|E WA Fe] vlaE ¢
3] MQTT Unicast, Multicast ¥4]-2 ¥]2L £4 311
t}h A WA v FE-S VENS| 7ol whE Event
Response Timeo|t}. X Alglollx] VINS VINe|A|
14 ¥ 2E VENE°|A DistributeEvent ™ A|X]E
Unicast W3] = Multicast HA|X] A< vpxo =z
st ool gk SHOR EE VENOZHE
CreatedEventE W2 A7) &43lin) 19 16
2 Multicast MAA] A5 A1) izt Wl A7 F29-
2} Wireshark® |1 Unicast B3], Multicast B3] 2%
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JSON dle]s] weledg usir).

a7 182 5 7] WAl2] Event Response Timeell

12| 16. Event Response Time &4 17+
Fig. 16. Measuring Section of Event Response Time

(a)DistributeEvent (b)CreatedEvent

Distribute Event{ CreatedEvent
"Responsedescription":String,
"EndTime":integer,
"RequestID": String,
"StartTime":integer,
"Service":"String,

"EndYMD": integer,
"Response": integer, "OptType": String,
"Value":double, "Value": double,
"OptType": String, }
"StartYMD": integer,
"EventID":integer,
"ModificationNumber": integer,
"TargetVEN": String

)

{

“EMAID": String,
"VENID": String
"Version": integer,
"Response": integer,
"RequestID": String

12l 17. DistributeEvent, CreatedEvent WA]*]2] JSON d|
EELE

Fig. 17. Modeling JSON data for DistributeEvent,
CreatedEvent message
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