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ABSTRACT

OpenADR protocol was developed to provide efficient use of energy and intelligent demand resource
management services in a smart grid environment. The OpenADR demand response protocol based on
HTTP/XML is difficult to use in lightweight devices with limited environments in homes and buildings because
of the high overhead of data traffic. Recently, in the smart home energy IoT environment, a lightweight energy
demand response protocol for ultra-lightweight devices is required. In this paper, we propose and evaluate a
lightweight OpenADR 2.0b protocol based MQTT. First, we implement the proposed protocol, and validate the
compatibility with the existing HTTP/XML based OpenADR protocol through the testbed. Next, we analyze a
push-based real-time event delivery mechanism using the publish/subscribe feature of MQTT through the experimental
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evaluation. From experiment results, we validate that the proposed MQTT based OpenADR protocol not only

reduced by 1/3 in terms of data traffic, but also supported a response time within 0.01 seconds regardless of the

number of VENs and polling intervals in real-time event delivery.
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Table 2. JSON format in MQTT EiRegisterparty

oadrQueryRegistration JSON

{ "venID":"VEN1", #requested VENID
"requestID":"OFBC38D7817B", #request identifier
"service”:"oadrQueryRegistration” #Message Type

}

ocadrCreatedPartyRegistration JSON

{
“vtnID":"VIN", #requested VINID
“venID":"VEN1", # responsed VEN ID
"responseCode”:"200", #response code
"responseDescription”:"OK" #description of response code
"requestID":"0FBC38D7817B", #request identifier
“duration”:"PT2S", #requested polling frequency
"service”:"oadrCreatedPartyRegistration”, #Message type
“registration]D":"”, #request identifier
"oadrProfile”: {“oadrProfileName":"OpenADR2.0b",
#type of profile
"oadrTransports”:[{"oadrTransportName”:"MQTT" }]
#type of transport protocol
}

}

oadrCreatePartyRegistration JSON

{
"requestID”:"OFBC38D7817B", #request identifier
“oadrProfileName”:"OpenADR2.0b", #profile name used by VEN
"oadrTransportName”:"MQTT", #transport name used by VEN
"oadrReportOnly”:false, #VEN type (report only or full functional)
“oadrXmlSignature”:false, #xml A}-8-09%- trueffalse
"oadrVenName”:"VEN1", #VEN name
"oadrHttpPullModel”:true #communication mode used by VEN

(pull or push)
“service”:"oadrCreatePartyRegistration” #Message Type

}

1113

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-06 Vol.45 No.06

oadrCreatedPartyRegistrations A|A|3} © Broker
= o]% VEN°ﬂ7ﬂ z-]nl—al‘_qu/q _i —7]_7(40] 9]-25]
c}.

EiRegisterpartyoll S¢17}= ®A|2] Typeol gt
Arme 7 29} ) 7]¥ OpenADR/XML2] dlo]E]
A5 JSONCE F3Zon F7-oZ MQTTE
AAT5 7]4te]7] wlitell HTTPS] 23 (Request)/
SthResponse) TE= BAl AAjolx] thEch
HTTP= ZzloldEe] Ao upe} Anjz} S5g &)
A Adshs Fxo)AW, MQTTE 7|Eder Ze
o]qlEg} Fefo]d EAto]ol| Brokers 53l E4lo] ©]
FolA7] wtell S5 WA FAE Sl = A
Ale] ID7} *3H% Topic o] sl 84 wiA|
2] A% Al AR119] IDE E3Lsledok gtk ol E £
oadrQueryRegistration ™ A|A]2] 79 venIDE F7}
{5].0:] VTNoﬂ/H _0_111— ﬂﬂ/\]?(] ;q_/-: /\] o]ﬁ_ﬁl 2= oh:
% sjolrk =, XMLoIA Bl o] 52 olgale] 7}
v AR o] FH-E kol =], ISONelA= e}
ZA5HA] 2271 witell servicerhs RS keys 7}
3lo] o]ef gk ko= XML ¥l 3 iHd &
S5 sl

2.1.2 EiReport

13 32 HTTP/XML7 |4} OpenADR] EiReport
o]l Hs) VIN©] VENe7] 57142l ReportS .43
o1 VEN®| %7422 Report A ale] Hlskahz
Al g WA E2, ey o] RS
efolojrkz® A Zlelth VINS VENo|A|
oadrCreateReport P|A|X| 5 o] g3l F7]H o2 =}
{19] Aelel B3 Report® ASH] A 8
Ay} o] 5 @O VENo] xpi13 #pele] Al A wE

: =

VN e

Init Process(Report)

@ oadrUpdateReport

Do

oadrUpdateReport

Repetitive

oadrl

M ‘pull_1.pcapng

File Gt View Go Capture Analyze ics Telephony Wireless Tools Help
Am @ = SIS eaan
(1 [t matches repar
Time Source  Destnation Prowmcol  Lengh info
@o.736658  vem v HTTP/XML 728 POST /OpendDR2/Simple/2.0b/EiReport HTTP/1.1
(30-745821 v ven HITR 200 75 HTTP/1.1 200
\&13.863767 VEN1 VTN HTTP/XML 728 POST /OpenADR2/Simple/2.0b/EiReport HTTP/1.1
3.868472  VIN VEN HTTP/XL 75 HTTP/L.1 200
6.988175  VENL VTN HTTP/XUL 728 POST /OpenADR2/Simple/2.8b/EiReport HTTP/1.1
6.991525 Vi vENL HTTR/300L 75 HTTP/1.1 200

12! 3. HTTP/XML OpenADR EiReport 214
Fig. 3. HTTP/XML OpenADR EiReport Process
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Fig. 4. HTTP/XML OpenADR EiReport Process

H 3. MQTT EiReport2] JSON 4]
Table 3. JSON format in MQTT EiReport

oadrUpdateReport JSON

{
"venID":"VEN1", #requested VEN ID
"requestID":"0fbc38d7817b", #request identifier
"service":"oadrUpdateReport”, #Message type
"oadrReport”:[{"duration”:"PT120M", #report duration
"reportRequestID":"AD4C12C14D", #report request identifier
“reportSpecifierID":"E7T6FA6EE91", #report specific id
“reportName”:"TELEMETRY_USAGE", #report name
“createdDateTime":"2020-03-11 11:32:15", #created time of this

report
"oadrReportDescription”:[{rID":"VEN1",
"resourcelD”:"VEN1", #resource identifier
"oadrMinPeriod”:"PT2S", #Energy usage minimum period
"oadrMaxPeriod”:"PT20S", #Energy usage maximum period
"powerAttributes”:[{ "hertz":0.000000, #pulse frequency of power
"voltage”:13.000000, #voltage of power
“"ac":false}] #Is this AC power? (True or False)

1

1

}

oadrUpdatedReport JSON

{
"venID":"VENL", [frequested VEN ID
"responseDescription”:"OK" #description of response code
"requestID":"0fbc38d7817b" /frequest identifier
"service”:"oadrUpdatedReport”, #Message type
"responseCode”:200 #response code

oadrUpdateReport A Xl o} VINe||A] Hyfict
@ VIN ol gt 3522 oadrUpdatedReport
w AR E Hfick

MQTT/JSON7|4F2] OpenADR EiReport A]H]2~
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2.1.3 EiEvent

a8l 5= VENe] oMIES] A {75 Eolui
VTNeo] s=82112] ALg-fe] W3l 915 o[WlE 4l
35 ¥S= HTTP/XML7|H}  OpenADR<2]
EiEvent AJH|2~ P13} wA]2] F2-9-0f] tfsle] o}
olofrkm® AT Zlo|t}. oMlE AlFell= oWlE
A17E, oAk, W8(level, price, power )il Tt A1
7} Z3tE]e] 8 HkE-S o]Ee] ik

MQTT/JISON7]HF] OpenADR EiEvent 48]~ A
2= 13 63} Zth HTTP/XML7|4F EiEvent A{H]
22| Ao} Fdatn] F7bell Brokers A wAA|
= AAgshe Afol7t AR S 2 WA
Typeclli=  EiRegisterparty ~AH]2=9}  FU3H
“service” key2} 7he S5l WAR] FFE T8}
ek

EiEvent A|H]Z~el|A] o]-8-5]= Aol thgh Adw
2 ¥ 498} 7} o37]14 ooadrPoll MAA] = F714
2 VENo| VINellA Ada o[l Er} QA5 Eo]
B vAX|o]t}. oadrDistributeEvent ™ A]A]+&= VIN
o] 8 Hkg- oMIEZ} 9lE wj VENeA Helg~=
H AR 2 “eventSignals* Zkoll oWl Ee] gt A g
% gelala veiFe) wie VINe] Ak olE

7
@ )
vIN viv
@ Poll

@ DistributeEvent

* Event occur

@ CreatedEvent

@ Response

M event_pull_1.peapng

Fle Edt View Go Capture Analyze Statistics Telephony Wireless Tools Help

Am:@ EREBRe==FsE[Eaaal

([ ]htp

Time Source  Destinaon  Protocol  Length Info
(@|4.849686  VENL VTN HTTP/XL 427 POST /OpenADR2/Simple/2.6b/OadrPoll HTTP/1.1
(@)|4.858884 VTN VENL HTTP /XML 1098 HTTP/1.1 200
®|4.940237  VEML  VIN HTTP/XL 1346 POST /OpenADR2/Simple/2.0b/EiEvent HTTP/1.1
@|a.9a5738  VIN VENL HTTP/XHL 1393 HTTP/1.1 260

12| 5. HTTP/XML OpenADR EiEvent ¥}%
Fig. 5. HTTP/XML OpenADR EiEvent Process

‘ VIN ‘ ‘ Broker ‘ VIN

@ Poll

@ Poll

@ DistributeEver Event occur

@ DistributeEvent

(5) CreatedEvent

® CreatedEvent

(D Response
(8 Response

M *oull_event pcapng

Fle Edt Viev Go Capture Andhze Statistics Telephony Wireless Tools Help

dm 20 [DRERe==TsEEaaanm

W [mat

Time Souce  Desinaion  Protocol  Lengh  Info
@|2.696508378 VENL  Broker HoTT 135 Publish Message [/OpenADR/VTN/2.0b/0adrPoll]
@)2.696587925 Broker VTN mQrT 123 Publish Message [/OpenADR/VTN/2.0b/0adrPoll]
3)|2.698619939 VTN Broker mQrT 950 Publish Message [/OpenADR/VEN1/2.8b/EiEvent]
(@|2.698784615 Broker  VEN1 mQrT 962 Publish Message [/OpenADR/VEN1/2.@b/EiEvent]
@iz.wesssne VENL  Broker MQTT 279 Publish Message [/OpenADR/VTN/2.0b/EiEvent]
()|2-706945152 Broker VTN mQrT 267 Publish Message [/OpenADR/VTN/2.0b/EiEvent]
@2 768308663 VTN Broker MQTT 189 Publish Message [/OpenADR/VEN1/2.@b/EiEvent]
(§)/2-708430005 Broker  VENL mQrT 261 Publish Message [/OpenADR/VEN1/2.8b/EdEvent]

12l 6. MQTT/ISON OpenADR EiEvent 4
Fig. 6. MQTT/JSON OpenADR EiEvent Process

7F §1& 9= oadrPoll wAX|el wiEt SHo=
oadrResponse MA|A]E A3t} oadrCreatedEvent
WA Z]olli= OptType #rell Opt-IN = Opt-OUT-S-
ol 8 Hkg oWlEL] o oFEF Ak
oadrResponse W AJA]= oadrPoll A ]l thgt S
= oadrCreatedEvent HA|R|o]] S50 7 d=Ic],

E 4. MQTT EiEvent2] JSON 4]
Table 4. JSON format in MQTT EiEvent

oadrPoll JSON

{
"venID":"VEN1", #requested VEN ID
"service”:"oadrPoll”, #Message type

}

oadrDistributeEvent JSON
{
"vtnID":"VIN",
"requestID":"0fbc38d7817b", #requested VEN ID
"response”:[
{
“responseCode":"200", #response code
"responseDescription”:"OK", #description of response code
"requestID":"0fbc38d7817b” #event identifier
}
],
“event”:[
{
"eventSignals”:[
{
“intervals”:[
{
“duration”:"PT2S", #event signal interval duration
"uid”:"uid", #event user id
"value”:10 #event value
}
1,
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“signalName":"signalName”, #event signal name

“signal Type":"Control Event”, #event signal type (bi direct, level)

"signalID":"signalID", #event signal ID

“currentValue”:"100.0” #current usage value

}

1,

"eventID":"eventID”, #event identifier

"modificationNumber”:"1”, #modification Number(count)

"modificationReason”:"modificationReason”, #modification
reason(event reason)

“priority”:"-1",

"eiMarketContext”:"mirLab”, #market address(market reference)

"createdDateTime”:"Wed Mar 11 11:29:11 KST 2020”, #event
create date & time

"eventStatus”:"eventStatus”, #event status

"testEvent”:"false”, #if event test or not

“vtnComment”:"Event”,

"properties”:“properties”,

“components”:“components”,

“venID":"VEN1",

“dtStart”:"Wed Mar 11 11:38:52 KST 2020", #event start time

"duration”:"PTIM", #event duration

"tolerance”:"tolerance”,

"notification”:"notification”, #notification duration

"rampUp”:"rampUp”, #ramp up duration

"recovery”:"recovery”

}

I8

"service”:"oadrDistributeEvent”, #Message type
"oadrResponseRequired”:" Always” #response mandatory or not

}

oadrCreatedEvent JSON

{
"venID":"VEN1", #responsed VEN ID
"vtnID":"VIN", #requested VIN ID
"responseCode”:200, #response code
“responseDescription”:"OK", #response code
"requestID":"0fbc38d7817b", #request identifier
“eventID":" eventID “, #request identifier
"modificationNumber”:0, #modification number(count)
"optType”:"Opt-IN", #if paticipate event or not
"service”:"oadrCreatedEvent” #Message type

}

oadrResponse JSON

{
"venID":"VEN1", #requested VEN ID
“service”: oadrRegisterReport”, #Message type
"responseDescription”:"OK*, #description of response code
“"responseCode”:200 #response code
“requestID”:” 0fbc38d7817b” #request identifier

2.1.4 EiOpt
3] 72 VENo| ol E 3o 71538k A]718- VIN
o] A4A5}7] $]gF HTTP/XML” |4} OpenADR EiOpt
Au)2s AP} WA 2] Z29-o tjste] ele]ejAk=
2 A Hlolch
VENL ol & Zo]7} 7153F A 7bell= Opt-In, 3
o7} £7Fs & = Opt-Out Fh& AA8to] VINe]|
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(@) oadrCreateQpt

(@ oadrCreatedOpt

A “opt testpeapng

File Edt View Go Capture Analyze Statitics Telephony Wireless Tooks Help

A0 BRBResET IR EQQRE

[ty matches ot

[Time Source Destination Protocol  Lengh  Info
@1.641548 VENL VIN HTTP/XML 561 POST /OpenADR2/Simple/2.6b/Ei0pt HTTP/1.1
@1,648396 VIN VENL HTTP/XHL 1464 HTTP/1.1 200

2! 7. HTTP/XML OpenADR EiEvent 3}
Fig. 7. HTTP/XML OpenADR EiReport Process

A ALZg}. @ oadrCreateOpt WA|X]+= VEN©]
VINe|A| oMl E 3o 7hs AJ7ke AAlskr] 91l A
21, available Fholl 3o 7Fedt AR H 3l
@ oadrCreatedOpt™|A|A]+= oadrCreateOpt =] A| ] ]|
gk S5ko 7 VINe| VENeA deal= wA#]ch

MQTT/ISON7]5}2] OpenADR EiOpt AH]~ A
2= 27 83k k. HTTP/XML7]4ke] EiOpt A3}
o} T3l F7to]| Brokers A wWAAE 453}
= zte]7F EAigel. F7H o= 7h WAA] Typeoll:=
EiRegisterparty AJH]2~2} FU3}A] “service” key<}
e FrEek] WA e skl e S5 vl
A|A] AlS flslA] 2RA1e] ID7) 23 venIDE
key® 3ol valuezhks F7F2 HAISICh EiOpt A
H| o] o] 8= W Aol ik AW 3£ 59} 3k

i G

VIN Broker IV

(D) oadrCreateOpt

(@) oadrCreateOpt,

(3) oadrCreatedOpt

@) oadrCreatedOpt

M opt3peapng
Flle Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help
AR 0 [[RREQexsEFRSEQRQAQH

[ [mat matches opt

Time Source Destination ~ Protocol  Length  Info
(U 249.2368209... VN1 Broker  MQTT 367 Publish Message [/OpenADR/VTN/2.0b/0pt]
(@)249.2369199.. Broker VTN T 367 Publish Message [/OpenADR/VTN/2.8b/0pt]
(3)249.2560884... VT Broker  MQTT 261 Publish Message [/OpenADR/VEN1/2.8b/0pt]
(4)249.2562732... Broker VENL MQrT 261 Publish Message [/OpenADR/VEN1/2.0b/0pt]

12! 8. MQTT/ISON OpenADR EiOpt 214
Fig. 8. MQTT/ISON OpenADR EiOpt Process
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T8 2 24

E 5. MQTT EiOpt2] JSON 4]
Table 5. JSON format in MQTT EiOpt

oadrCreateOpt JSON

{
“venID":"VEN1", #requested VEN ID
"optID":"E44469C3301B", #opt identifier
"optType":"Opt-In", #type of opt
"optReason”:"x-schedule”, #opt reason(e.g. x-schedule)
"requestID”:"0fbc38d7817b", #request identifier
"marketContext”:"marketContext”, #refer market address
"createdDateTime":"2020-03-12 22:41:07", #created time of this

Message
"available”:[ {"dtStart”:"2020-03-14 22:41:07", #opt start time
"duration”:"PT120M" }],
"service":"oadrCreateOpt” #Message type

}

oadrCreatedOpt

{
"optStatus”:" Accept”,
"vtnID":"VIN",
"responseDescription”:200, #description of response code
"requestID":"0fbc38d7817b", #request identifier
"service”:"CreatedOpt”, #Message type
"venID":"VEN1".
"optID":"E44469C3301B", #opt identifier
"responseCode”:200 #response code

2.2 MQTT2| AA/F=E o|8st Push OJHIE
o 7 o Hi}

784 © 2 HTTP/XML”|4F] OpenADR-&
S 29 Pull}A] 2 Z VEN©] WA oadrPoll H|A]
215 o] &allA 8L slof 1ol SHOE VINe|
2 "% oadrDistributeEvent | A|A|S BUWZE 5 ¢l
t}. Polling 5717} A oWl = Wb A4z} vA]%]
A Ao A7t AX 215484 5 AAZE 8t

S AB|2E 0] 83h] ok slx]u MQTT/ISON

24/

4 o)

VEN Broker VIN
@ DistrihuteEve*Event oceur

@ CreatedEvent

@ DistributeEvent

(3) CreatedEvent

(® Response

© Response

M matt_1_push event peapng

file Edt View Go Csptue Analyze Statistis Telephony Wireless Tools Help
an’@ REB_es=FIS5 E§aqan

(W ]mat

Destination
Broker

Time Source
(D [1.513288361 VTN
(@ [1.513521333  Broker VENL
(3 [1.521349875  VENL Broker
@ |1.521501234 Broker VIN
© |1.524804557 VTN Broker
() |1.525001589  Broker VENL

Protacol
T
T
T
T
MQTT
MQTT

Lengh Info
960 Publish Message [/OpenADR/VENL/2.0b/EiEvent]
972 Publish Message [/OpenADR/VEN1/2.0b/EiEvent]
279 Publish Message [/OpenADR/VTN/2.8b/EiEvent]
267 Publish Message [/OpenADR/VTH/2.0b/EiEvent]
189 Publish Message [/OpenADR/VEN1/2.0b/EiEvent]
201 Publish Message [/OpenADR/VEN1/2.0b/EiEvent]

12| 9. MQTT/ISON OpenADR EiEvent PUSH 4
Fig. 9. MQTT/JSON OpenADR EiEvent PUSH Process

714k] OpenADR-& A A/ T-% F-%0]7] o] VIN
o] oadrPoll HAA]S 7|2 & ¢lo] VENOIA
oadrDistributeEvent WA|A]5 A &8l= Push WS-

014 4 Sle Pushi & o] 83}l H)l o]HlE
A AR oA e e Aolrh Fose] 2%
A o] AAZE =8 kg A2~ o]go] 7hsslAl
o 713 9% Push WA o] §51e owlE A 47}
ofe}. o]-§=]= wAlA] 342 7| EiEvent A]R]22]
oadrDistributeEvent, oadrCreatedEvent,

oadrResponse WA|X|9} FUs}r}.
I A 8

Al

el

A $I8E HA 2vtE F oflyA] 10T HAE
= 2 2 3 A2 63 Ak AvtE o
Z] ToT #7014 VIN- Ubuntu 16.047} A5 PC
oA Aefmlw] o] AME- A3 mUEE] 2 71719
A7} 7Fsgt oludA] ] A~ &S 8t
t}. 2092 VEN< 23 103} %3] Ubuntu 16.047}
“1%]%l Raspberry Pioll4] A%t} 7+ Raspberry Pi
= olHA] ToT $HellA] 78 71| elf#] =] o
ol E J3kg Sa3ic) H]L Hs}oﬂ HTTP/XML
S AH8-31= OpenADR2.0b L2 EF-2 EPRI Alol|A]
AFgF  oE 2E 01%6}04 Agdstglen

MQTT/JISON2] VIN-S JAVA, VENS CE 7313}

l>

3L Broker+= Mosquitto version 3.1 Broker& ©]-8-3}
of Agsladet

AR ST 3 73 3ol dHlely] =t &
5 A7k Ak oMlE el 93 1A

2 848 ocadrPoll wAIA|9} ool ThEE -S54l
oadrResponse "|A|X]|, 28|37 AFfARE Hdshs
oadrUpdateReport ™A]A]¢} 552l UpdatedReport

¢

P

¥ 6. AP AlF
Table 6. Experiment environment specification
HTTP/XML MQTT/ISON
Protocol Brok
VTN VEN | VIN VEN
er
ARM Intel Intel | ARM
Intel Core Cortex Core Core | Cortex-
. -A7 #| . i5-420| A7 ¥
PC CPU |i7-7700HQ | _ Zo] i7-7700 oM | =301
Spec 280GHz | g4 ) 81(—)18H 250G| 900
Mhz | Z| Hz Mhz
RAM 32GB 1GB | 32GB | 4GB | 1GB
Operatin,
P & Ubuntu 16.04
System
Language JAVA ‘ C++ ‘ Java ‘ C++‘ C
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RaspberryPi-based HD-EMA testbed
-n* I 1P address: 192.168.1.41-60

a2 10. ==HE]gelE o83k VEN 4333
Fig. 10. VEN experiment environments using Raspberry
Pi

B 748 34 I35
Table 7. Experimental metrics
Ag
: W& =7
R
VTN3} VEN©|
HTTP/XML | Z7|qo8 Zahe
(Pull) oadrPoll,
oadrResponse,
oadrUpdateReport,
oadrUpdatedReport
MQTT/JSON | wjA|x|e] Ezj=le
HlolE] (Pull) 137 24
Egg (Report, Polling 57|
=] 3%)
VEN©| VTN
Fr|Aom 219
A A HE Adsle
MQTT/JSON oF’H SHES A ]”_‘
(Push) oadrUpdateReport,
oadrUpdatedReport
AR S 182 54
(Report 7] 3%)
HTTP | VINoI42] oJWlE
/XML | "BAFE VEN17L
Pull = 2ol
olHlE u MQTT ?ﬂﬂ_‘::i%ﬁ?ﬂ@
217} JISON SHE FAE 179
C A7k 24
oe N MQTT (Pull: Report, Poll
Push | ison | 771 3% .
Push: Report57] 3%)

XA el HhAsl= dleole] EEE A8l
VINe|4 oalEr} AJAd=le] VENe| A=,
oadrCreatedEvent | A]X]7} VINel| s o} vh#]
"0 2 oadrResponse AR S A7) 7FA] 9] A7
= ZAskdrh

a7 113 A S Rl a3le® 2049
VEN©°] VTNe¢l EiRegisiterparty 8]~ A& A=
A% o]Fel VINelM eIz Topology 1]
th

18] 12%= 20tH¢] VEN©] 7|2l Report 84S
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32 11. VIN-VEN20H] <372 Topology
Fig. 11. Topology for VIN-VEN20 connection

32! 12. VENI~20 Reportel] w2 AA| ouf=] A8k
Fig. 12. Total energy consumption according to
VEN1~20 Report

e Foll dA ARk zRle] AleiARE
oadrUpdateReport WA Aol ol VINA A=t3hsd
< o] VINe| Bojg= ZA| ouz] Mg}

v. Al

i

e

X WA 8|S VENSY Il wpE
HTTP/XML OpenADRZ} MQTT/JSON OpenADR
2] dleJe] payload EefiZel th3l 2to|E u]aa}sict.
17 139] (a) HTTP/XML OpenADRe}|4]+= VEN©]
B AZEE VINOA Eolee= A7E A3k,
(b) MQTT/JSON OpenADR2| 7-$-= Brokerol|4]
715 SAslsdc). dlole] Eef¥le] 4% VEN©] VIN
ol ed4=]*] EiRegisterparty "2} 2 Report A4 A

OpenRMTTSON | [

'VE”
L J L

i i
2004 204

(x) HTTP/XML OpenADR

o venzo

(D) MQTT/ISON OpenADR

33 13. VIN-VEN A3 74
Fig. 13. VIN-VEN Experiment Configuration
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gk & At vloleleks S5l vlasisich

X 83 ¥ 14elM B & gl%e] wlm ZH)
HTTP/XML7]4}F OpenADRel| 13| MQTT/ISON7|
"l OpenADR2| dlo[e] Efjzleo] Hul 50% o) &
e Z1& ¥ 4 glvk =3 Push vIAYSS
AHe-3HA =W VENe| VINeA oMlES QA=
oadrPoll A5 A& 4 9lo] HTTP/XML<®} o
H|sle] dloje] Exfjgo] ¢k 11307 Fojuw Aol &
Ql=|gdct ulebd] EloT 37lA 71712 47 Z7)s)
A @ 7% 7]& HTTP/XML7|4+] OpenADR =&
EFS dolee] Egide] FAA S7PE  ole
vhd AlqkE ZR2EFL dlo]e] Egflde] Aol g
9 T’V &S 768 & glrh

I A ¥)aL 32 VENO| 7ol whE ojulE
S5 AlZkelrh i Algella] VENEe] 3% F7|2
VTNel|A| oadrPoll HIAA]E Hujv], VIN-2 53 4]
Hol| ol EE HHAYAA Fh}e] VENelA oHlEE
glsr) ol EE VENSQ] oadrPoll ®|A]Ae] gk
5522 oadrDistributeEvent ™A #]ol] T4 VENe]

E 8. dlole] =g (k8] byte)
Table 8. Data traffic (Unit byte)

VEN
Ao 1 3 9 20
HTTP 108357.6 329499.6 955143.2 2144528
(Pull)
MQTT 47428.8 142280.8 431749.6 950178
(Pull)
MQTT 38995.2 116586.8 351335.6 766688.8
(Push)

Data Traffic

VEN ZH2=

—e—HTTP (Pull) MOTT(Pull) MOTT(Push)

2 14, HTTP/XML, MQTT/JSON OpenADR Data
Traffic B2 2=

Fig. 14. HTTP/XML, MQTT/JSON OpenADR Data
Traffic Comparison Graph

A AEE) o[ WEZE 2 A3l7] 93} oadrPoll WA
AFE] oWlES HH R FEIohE S
oadrReponse AR FA1712] 9] AJ7HS SA31e] H]
ekl %9 2 78 15, 169014 E-13F 5= g9lo] H]
w77} pull WA w] HTTP/XML7 14t OpenADR 2}
MQTT/ISON~7|4F OpenADRE] -$A|%k0] Polling
F719] dFo] A A9 FU3t AL 4l & 5 9ok
SHA|RF Push WHALS ARSsle] ol EE Ul dljell=
VTINellA oadrPoll PIAIX] S 7]5j2]#] ¢k ulz o]
WEE A 4= 9l7] wlFol Pull2] HTTP/XML
¥} v|wsle] VEN 754 Polling 5719l F-3ts}A|
0.01% o= &l =gick o] A= Push W<l

E 9. 8 ubgel] ix] olE S5 &I WAL (9] 2
Table 9. Comparison of event response rates related to
demand response (Unit second)

I("PTUTII; 1562254 | 1568314 | 1570674 | 1584682
l\(dp?,ﬁ)T 1513766 | 1512142 | 1513100 | 1.51433
I(‘;SSTS 000736 | 0007444 | 0.008652 | 0.009501

Pull Event Response Time H| 1

158 ’_._______.____.___._.—-——'—'
156
152
15
148
146
VEN ==

—e—HTTP (Pull) MaTT(Pull)

22 15. PullHe] HTTP, MQTTS] oJ{lE $HAIZF 1
=

Fig. 15. Event response time Graph of HTTP and MQTT
using pull method

= MQTT(PUSH) EVENT RESPONSE TIME H| 3

VEN 283

2| 16. Push¥de] MQTTS] oMIE $ghA|7t 3=

Fig. 16. Event response time graph of MQTT by Push

method
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