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ABSTRACT

An Extended Smart Plug System
Based on SEP Standard

JEJU NATIONAL UNIVERSITY GRADUATE SCHOOL
DEPARTMENT OF COMPUTER ENGINEERING
LEE SEONG JUN

With increasing interest in and expectations for Green IT in saving energy
around the world, a number of studies have been undertaken for developing
technologies or services related to Green IT. For Korea, about 40% of total energy
consumption comprises residential, commercial or public buildings. Accordingly,
Korea has been devoted to developing the convergence technology with IT to
efficiently use energies in buildings because of earnest needs to save energy.

In a number of studies, most research has been focusing on the technology
to minimize standby power consumption caused when an electronic device is
connected to a power outlet but not being used. Smart Plug Technology is
one of the technologies to minimize standby power. Smart Plug Technology
automatically cuts the power supply when an electronic appliance is not used
at home with a communication function providing power consumption
information of the electronic appliance for controlling standby power. With the
development of Smart Plug Technology, many commercialized products have
been launched into the market.

However, Smart Plug in both previous research and available on the market at



present have not been easy to use because of IR-based communication and single—
and three-prong structure. Furthermore, it was difficult to expand the application
of the product because of compatibility issues caused by different protocols.

Thus, this paper proposes a Smart Plug based on SEP (Smart Energy Profile), the
international standard to save energy and minimize standby power consumption at
home and the gateway system to control and monitor the Smart Plug.

In consideration of the inconvenient usage caused by errors or failures of
sensor nodes and communication nodes related to standby power cutoff and
electronic appliances that constantly consume power such as refrigerators, the
Smart Plug in this paper was designed to have two prongs, one for cutting
standby power and the other for continuing power consumption. The Smart
Plug had an embedded data saving function to prevent measured data from
being lost even in the case of a communication failure between the Smart
Plug and gateway. The Smart Plug will retransfer data when communication
is activated after a failure.

To prevent the deadlock of a gateway in the case of any errors caused by
internal system failures or communication failures, the entire system is reset
using a WatchDog Thread in the case of any errors. This study implemented
an approach enabling the Smart Plug Sensor to identify whether it is an error
or not by analyzing the measurement data transferred from the Smart Plug if
the data exceed the measurement scope or a false value is transferred.

In addition, an event classification algorithm was also implemented to control
the standby power by identifying whether a relevant product works or not by
analyzing the power consumption pattern of electronic appliances connected to
the Smart Plug. Finally, a database and web server environment were
implemented inside the gateway to enable the check of power consumption
and control of each Smart Plug by access to the gateway in any place where
internet service is available and web—based monitoring.

In conclusion, this study will help to save energy by minimizing standby

power in a Smart Home.

_Xi_
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[Table 1] Average standby power electronics
[ 1] AAAFE G 7] d g @179 7<9)[3]

Item Standby Power(W) Item Standby Power(W)
Set-top Box 12.27 Electric cooker 3.47
Internet modem 5.95 Computer 2.62
Air conditioning 581 Microwave 2.19
Boiler 5.81 TV 1.27
Audio Speakers 56 Electric mat 0.59
Home Theater 5.1 Mobie Phore charger 0.26
Video 493 Electric fan 0.22
Audio (component) 4.42 Camera Charger 0.22
Router 4.03 Internet phones 0.21
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Home Area Network(HAN) Home Area Network(HAN)
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Power Consumption awer Consumption
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PBower Control ower Control
Smart Plug ES! Application  Smart Plug ESI or Application

[1¥ 1] EMS AW7t gl FxEd 4[6]
[Figure 1] without EMS Server

Home Area Wide Area Home Area Wide Area
Network(HAN] Network(WAN) Network(HAN) Network(WAN)
‘ 3 PmJFr ‘Consumption
c \11 cl s s C

pwer Control
\

P r Consumption

Power Control

Smart Plug ESI EMS Server Application  Smart Plug ESI EMS Server Application

[ 2] EMS AW7F 9= #Zxrnd FLA[6]
[Figure 2] based EMS Serve
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[Table 2]. Compare product commercialization stage standby power outlet
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JUNGWON
Item EASYSAVER | PANASONIC ES
POWERCONTROLS
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2. SEP(Smart Energy Profile)

Zigbee allianceollA= F71 B WY SAoA oA #eE 91l Zigbee
SEPE Txeth HAF HA2 tp&Fg A=Akl o8] whEo]x Zigbee 7IRE
Hurpol2se] Ao o3 ¥ QEH o] 29 tnfo] A
Aeolsta IuH19). Zigbee 2FLE olUX] Z23AL Zighee 7]WHe] of 1A

ol [29 3]3 o] HAN(Home Are Network) ol A oy =] 2]

22 0 Fawes S8 G E= AF U AvE wE duels 7 A

2,
fol
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oX,
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f
o3
ol
ol
N
o
ot

=
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TS AT, 24+ dAAEe 18 AMS-FS IHD(In Home Display)el
Zigbee S22 oz AEste] [HD & X3sk= 7Hg 71710 o #dels
Vs Al s Al tHI9l SEPE 1.x WAz 20 Wdo] EAjgth & =i
A= SEPlx WZAol| 7]Este] A|bst Al2=wle] dis A etaict,

@ ZigBee Smart Energy

ZigBee

e

g mmmmmj
TRy

e S
ZigBee @ ZigBee
e _

- >

Utslaty Company
Programs
(Electric, Gas, Water)

[2¥ 3] Zigbee Smart Energy 73
[Figure 3] Zigbee Smart Energy Profile
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1) SEP 14

[3£ 4]¢} o] SEPOlA =

0x0500¢1

Energy Device®} <
Device Stell WiEo] H7], 7} =
0x0502% IPD(In Premise Device)s= AF&AFe Al o =] 7} An]
T ZAH| A A

ESP+=

AUAE Alsdte
Azt

,

EEE B!

g7le) tivlo] 2%
SEE
ID7}F 0x0501¢]

e ASs=

HiE FHor Ho| Fi

4 o] 3 1
SECERRE

Metering Devicet

AL

()K=
Fs

At Device ID7}F
¢kl Smart
Zigbee
7171 o]t} ID7}

g/]

7171w, ID7}

0x0503%! PCT+= ot W Al2dS Alofsh= Hnbolat, ID7F 0x0504

¢l Load Control Devicex= DR(Demand Response)®t LC(Load Control) ©]

HEZ W

Smrat Energy DeviceE9 #I9-H=Z &2 s

Smart

Prepayment Terminal< 4
5 #18 717]1o15H19][20].

E Z9 1 tnpo] 2~ = Metering Device® 0x0501 IDE Al€3Fal AvlE

Appliance+

2 9=
PR -

qUAE  peles
ML Abg R

2UE e 87

A w0l T

tufo]l 2t} ID7F 0x0008%) Rang Extender= Ut}&

7171o1t}. ID7F 0x05052]

ID7}  0x0506%1

Fol ool wg vg A
oM EFEel web 7 s

il

g HolHE FR5t7] g AlolEdo] Ex Uy A AH|A QIE]FH o]~
ZH]+= Energy Service Portal® 0x0500 IDE A}-& 3%t}
[Table 4] Devices Specified in the Smart Energy Profile
[3£ 4 ] Smart Energy Profile®] o =] A 2][19]
Device Device ID
Generice Range Extender 0x0008
Energy Service Portal(ESP) 0x0500
Metering Device 0x0501
In Premise Display(IDP) 0x0502
Smart Programmable Communicating
0x0503
Energy Thermostat(PCT)
Load Control Device 0x0504
Smart Appliance 0x0505
Prepayment Terminal 0x0506
Reserved 0x0507"0x5FF
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zutE A Alzaglel 4L IA Au-ZEto|dE Uz 7
o AvtE F oM ARgE = 7]EH SEAHE AE SEPE A
e 2H = [ 5]9F o] TEETh

[Table 5] Clusters Used in the Smart Energy Profile
[3 5 ] Smart Energy Profile2 $]3} Zighee Cluster[19]

Cluster Name Cluster 1D
Price 0x0700
Demand Response and Load 0x0701
Smart Metering 0x0702
Energy Messaging 0x0703
Smart Energy Tunneling 0x0704
Prepayment 0x0705

Demand Response and Load Cluster= F-slAlo]E 3 W& ojwlES}

IS

&S 7kl 93 ESPY LCDel wr=A] 23 EE Clustero]
%,

Lo

Metering Cluster
= olwlEsg} Yol

it}
b
o,
Kk
=
il
o
bl
o
o
=
e
b
N
s
2
)
=

(@]

@D

|
Ho

e AAERE Ad9we qgd quAde e a3 a8 9
& WY omE

H7} SEP tnfo] 2o ARG EE= F2 ofyth ol& 59|, Load Control
Device= Demand Response and Load ClusterE 7}A]3l 13l, Metering
ClusterE 7FA 31 QA &t} o]= Load Control Devicedl 4] Metering
Device7t 383 + v d& & F glvkes Lolw, ole 7479 tintol

27} wrEo] Aok & yeRHTHI9][21].
2) SEP d"lolg %4l

(1) SEP 114
SEPl.x 7142 [1¥ 4]¢ #Zo] IEEE 802.154 7]§te] Y ELH S 93
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fEe Aol Z2EZF Zighee PRo Stackel 7|WHale] whso] vk, =
2EZ AFe &2 AF3 MAC A% IEEES02.1549 #9198 Z2E
Zo] Aoy HEYA AF WEHA AFH &8& AFY AAE A%
o8& A9 e ATer TAEHI9]
SEP 1.x
Application

Application Framework
ECC Security

ZigBee APS

ZigBee NWK

802.15.4
MAC/PHY

[2¥ 4] SEP1.x Stack
[Figue 4] Smart Energy Profile
1.x Stack

(2) SEP Network %

ol [28 5, 6, 71 7z HAN, NAN E27o] e Zighee Smart
Network 7+%& K o5 Atk [L¥ 519k o] #EEE A2 HAN
< IHD(In-Home Display)& X3 < don, duyx Aulx 39
(ESP)¥# dA&Este] FsiAlo] x50l AsapAwt, 1o 17g A o

A s 2SeA vl

FH

u

p >

Utility Private HAN (( )) ] Customer

[ utiity

@Wg@dﬁ [ shared

R In Home Display
A | (@) =
Link to Uty
E o \_&"Mﬁﬂm (( ))
Energy Service Q\
AMI Server Interface

Load Control

Device

L

[19 5] FE7 €& A4 HAN [19]
[Figure 5] Utility Private HAN
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(29 613 2ol
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g A Ao B

i

( Utility Private NAN @ B customer R
[ utiiity
Mgy (( )) [ shared
Energy Service
' i (( )) ﬂn‘)ﬁp Interface é
N Link to Uity éﬁ/ En?r;gt:”sair:ioe
Energy Servioe\’bib% (( )) (( ))
AMI Server Interface \ AMI Dats 6
- S ————
g emmeee
& 4
(29 6] F+2e 88 AHE NAN [19]
[Figure 6] Utility Private NAN
[29 7] Zo]l 2 93] AlgH= ESPe =24 A9 Ao
ol

TES AT dyA #e FEE FE&HE 148 HAN UES ZA
AR AFAZA ] Ay JaS =3 sr[19].

1T =

& B
Customer Private HAN with ESI (( )) [J customer
[ Utility
o [ Shared
a&"’"@
duaa‘f/ =y In Home Display
=7
< _ (@) o=
N Link to Ultiity
§ c
— [ usbm“’UsﬂgE
E ropiaen e () (@)
nergy Service &
AMI Server Interface \\\\*:-QTZM Messagos
Home Energy
Management Console Af;i::ce
@

(1% 7] 48 A HANI[19]
[Figure 7] Customer Private HAN

(3) Zigbee Cluster Library

SEP= <A elsk [# 5]¢9F #Zo] ZCL(Zigbee Cluster Library)el #

AE Y 2Ee dFE &&gth SEP/F Adsts FYAH § 2 =a

o A A|tst= Al 7 WS #BAZF A= Metering Clustere}

Demand Response and Load Cluster, Messaging Cluster, Price Cluster
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of dis] A3t Metering Cluster®] 4% 7], 7k, &, 4 AZF v}

ol~9 AMEARE AAMEE wWlAYSFE ATtk Metering Clustere=

of

DY o ARHN AF AR FIVS ASHAAE A4S A

rob

=2 AAHAJAGDG] oFd [2¥ 8, 9, 101 Metering Clusters &
A 7] FJEY o E RoFa k. [29 8l A9t o] Al tulo] A
5

+ Metering Cluster A& E3 AT¥ HH $2% o]t} [19]

d PCT N
C
L A
ESI ) /Metering Device
[ ¢ s
J _ End Point ID= A >
/In—Home Dispia;(\
<l
____________________________ N

K

[19] 8] o] Ad% Al tiufo]~r} 3k 593 ESP 219
[Figure 8] Standalone ESI Model with Mains Powered Metering Device

[Z2% 9]l et o] Al ynlolAes A APz FeHm HHE A
&&= duty cycle2 LdEA A Zrh ESPE A% tlulo] s dlo]Eo] tha}
o] mirrored imageyt mailbox*x 3 P Aox 7YHEE UE AnlE

AT A tute] A= AR tupol o] dlolEel] Hrd 4= 191,
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ESI PCT

Metering Device
End Point ID =Y

In-Home Display

[71%] 9] 7] &2k AlRF tino] 27}t 33k SYE ESP 29[19]
[Figure 9] Standalone ESI Model with Battery Powered Metering
Device

(19 1012 [L9 919 e} FASHAl 5 Al 71717F AA A F5 5
W ARE A7) 93 duty cycleo] &#lA A &l ESPE R A
7171 dlolgel dlste] Feto]AE Z mailboxHH WFE T Aoz dAfE
e 2vE olyA yupolxFo] A FEr el HelEd HIE ¢ s Aol

&

fug

o
o

H

il

t}. ESPo| = Metering ClusterE 53l
e g dervm=m ZF fulo]lAE 5YA<Ql EndPoint IDE E3l o] & 4

A E 191,

ESI| with Integrated PCT
Electric Meter S

End Point ID= X
[s}—
End PointID=Y /

'\
S

In-Home Display

(28] 10] =3 tynlo]~7F &% ESP =[19]
[Figure 10] ESI Model with Integrated Metering

Device
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Ao d([2¥ 9, 104 ESPx Attribute ReadsES a3l GetProfile

e

7 41 H ™ ESPE mailbox([2# 9, 10]914 EndPoint ID Y)&
Al dolHE Wk 3191,

T A dulolx AR 7o i 44 A

ok AR el= ded

Abgste] AFEZIZE Aold divitt HA AERE ST Ao

1o

Y dl ol E 5t

AR

F(kWh, m®, ft’, ccf, US gho] A =

o] H&= Aox stue] dx~HE A daloF gr{(19].
[Table 6] Reading Information Attribute Set
[ 6] 971 AW &4 4%

Identifier Name Type Default
0x00 CurrentSummationDelivered unsigned 48-bit Integer -
0x01 CurrentSummationReceived unsigned 48-bit Integer -
0x02 CurrentMaxDemandDelivered unsigned 48-bit Integer -
0x03 CurrentMaxDemandReceived unsigned 48-bit Integer -
0x04 DFTSummation unsigned 48-bit Integer -
0x05 Daily Freeze Time unsigned 16-bit Integer 0x000
0x06 PowerFactor Signed 8-bit Integer 0x00
0x07 ReadingSnapShotTime UTCTime -
0x08 CurrentMaxDemandDelivered Time UTCTime -
0x09 CurrentMaxDemandReceived Time UTCTime -
0Ox0A DefaultUpdatePeriod unsigned 8-bit Integer Ox1E
0x0B FastPollUpdatePeriod unsigned 8-bit Integer 0x05

CurrentBlockPeriodConsumption ) )
0x0C . unsigned 48-bit Integer -
Delivered

0x0D DailyConsumptionTarget unsigned 24-bit Integer -

0x0E CurrentBlock 8-bit Enumeration -

0xOF ProfileIntervalPeriod 8-bit Enumeration -

0x10 IntervalReadReportingPeriod unsigned 16-bit Integer 0

Ox11 PresetReading Time unsigned 16-bit Integer | 0x0000

0x12 VolumePerReport unsigned 16-bit Integer -

0x13 FlowRestriction unsigned 8-bit Integer -

0x14 Supply Status 8-bit BitMap -

0x15 CurrentInletEnergyCarrierSummation | unsigned 48-bit Integer -

CurrentOutletEnergyCarrierSumma ) .
0x16 ] unsigned 48-bit Integer -
tion

0x17 InletTemperature signed 16-bit Integer -

0x18 OutletTemperature signed 16-bit Integer -

0x19 ControlTemperature signed 16-bit Integer -

Ox1A CurrentInletEnergyCarrierDemand signed 24-bit Integer -

0x1B CurrentOutletEnergyCarrierDemand signed 24-bit Integer -
0x1C to OxFF Revered -
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Demand Response and Load Control Cluster+= [ZZ9811]3} #o] AmlE 9
Yzl 9 kS JB35F Ao] 7]Fol sk Au/FEo|AE QIHH o] AE Al
=

Command sent from client to server

Response returned from server to client

@ =Server @ =Client

(2" 11] AW e SFEoldE 3F Fanukg/Alo] Fe2E 4
[Figure 11] Demand Response/Load Control Cluster Client Server

Example

Messaging Cluster= [Z13 12]9} 7] Zigbee Devices Abelol Text ™A
g FHA7E= AEHA O] AE AT

ESI ar r/Sm:-]rt Energy
Device
S 9
A A

e T e e s s N ST T Sy

[19 12] EgolAE A9 4
[Figure 12] Messaging Cluster Clinet/Server Example

H Al X] = ESPE %E3& dA4% o] Zighee Networkel A Messaging &2 ~F
2 283 2E JE 529 Devicedl Y AAERZ AEEHAY, F35 RE

tupol a7k HAdd ¢ s 7HE Az vhe 5 eSS F19]. Skl



Head
End ESI Subscribers

Message (Not defined by ZigBea) ’
>
‘ Message Confirmation (Optianal)
OR
Cacncel Message [
Cancel Message }
‘ Message Confirmaton {Optional)
OR
‘ Get Last Massape
Display Messane >
v v v
[28 13] SepoldE/AH WA= W§E gt

[Figure 13] Client/Server Message Command

Example

Price Cluster:= 9ol 72, olyz], & & AR 3 =4 yAYS
= AFeth o] a5 ARE FEHYHENEH 52 A9 duA FFARTE
ESP® wjZ¥ v ESPx= ARE ZvtE oUX| tuto]zo SHAZ o=
AEsiAY, S Aadoz s AREsIA ZrtE oy HES A =
SRl gL wg gk vufol ol Al HRbE ] & W ow A&t 19].
Aol JHE AFste viAUSES (L9 14]eF 2o
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HAN Device

(| APL [ NWK ] [ MAC : Meter/ESP "Foreign” device
: T T T : T T
' | | | ' | |
) 1 1 ¥ | I
| | | 1 |
I NLME-NETWORK-DISCOVERY.raquest | | I
1 1 I 1
MLME-SCAN requast L : : !
= baacon requ}st "
beacon
-4
MLME-SCAN.confirm e Bancun
]
]
I
findt ZigBee PANs :
]
i
I
]
NLME-NETWORK-DISCOVERY.confirm :
|
]
|
INTRP-DATA request(<request priaing infos) !
data frame{<raguest pricing info>) :
INTAP-DATA confirm : !
|
; |
data frame(<pricing infos) I
. ]
¢ |
wal P-DATA indication(<pricing info>) A T :
| : i |
l |
e | —_— ] 1
T T T I |
| | ] X | |
| 1 1 X | |
— — — : — —

[Z23 14] Inter-PAN®S] dHb& <l A&
[Figure 14] Inter-PAN Typical Usage

Price ClusterE 7Asl= 42 [X 718 2oL
[Table 7] Price Cluster Attribute Sets

[ 7] Price Cluster 4 T4

Identifier Description
0x00 Tier Label
0x01 Block Threshold
0x02 Block Period
0x03 Commondity
0x04 Block Price Information
0x05 to OxFF Reserved

Price Cluster £4& 7|9t 2 AM® Price Cluster 43 $£219 9

(3 8, 91¢F 2uH19].
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[Table 8] Price Cluster Server Attribute Sets
[3 8] Price Clusters A %A

Identifier Name Type Default
0x0000 Tier]1PriceLabel Octet String “Tier 17
0x0001 Tier2Pricelabel Octet String “Tier 2"
0x0002 Tier3PriceLabel Octet String “Tier 3”7
0x0003 Tier4PriceLabel Octet String “Tier 47
0x0004 TierbPriceLabel Octet String “Tier 5"
0x0005 Tier6PriceLabel Octet String “Tier 67

0x0006 ~

Reversed
OxFFFF

[Table 9] Received Command IDs for the
Price Cluster
[3£ 9] Price Clusters 7} 413 H=& 1D

Identifier Description
0x00 Get Current Price
0x01 Get Scheduled Prices

0x02 = Oxff Reversed
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T STM32W108CB
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Ot}%,eérigg;%ited 32bit processing
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[Table 13] Default packet information sent from the gateway to the smart plug
(% 13] AclEsololq Aule Fejaw d5HE 78 97 4n

Device 1D Power Command | Saving Command Saving Value

16bit 16bit 16bit 16bit
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[Figure 37] The prototype of Smart plug
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[Figure 43] Source File of ADE7753 measurement
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void TX(void *args)
£

nos_led_toggle(l);
if (mac_tx(&tx_info))
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if{save_flag)

if(save data tx())
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printf{"Tx ( ess): %u (TX cou #ud\n\r", tx_info.payload[0], tx_info.tx_count);
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else
¥
i

TX_COUNT++;

saQE_f1ag =
save_data();

(28 44] S o A2 71s

[Figure 44] Function of Data transmission failure
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[Figure 45] Normal communication monitoring between the Smart

Plug and Gateway
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[Figure 48] RF Module of Gateway and Smart plug (a) RF Module of
Gateway (b) RF Module of Smart Plug.
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[Figure 49] Development environment of gateway
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[Table 14] Software configuration of Gateway
i 14]) AlGlEsl o] £ZES o] 7

Kernel Linux 2.6.29 Kernel(Android adapted)

ToolChain EZ arm-1.1

Bootloader EZ u-boot 2010.6

busybox 1.17.1(stable)

php 5.2.14

Apache lighttpd 1.4.28

SQL SQLite 3.6.23
DNS Server, SSH Server

Server TELNET Server, SAMBA Server
HTTP Server, SQLite Server

0S Linux OS, Android-2.1(eclare)
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[Figure 50] Function of Gateway reset
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[Figure 52] Function of determining whether or not failure in Smart Plug
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[Figure 53] An normality received monitoring of measuring

power consumption
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[Figure 55] An Monitoring of Sensor failure notification
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[Figure 56] Measuring power consumption of Set-top box

(a) Measuring instrument (b) Smart Plug
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[Figure 57] Measuring power consumption of Electric cooker

(a) Measuring instrument (b) Smart Plug
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[Figure 59] Lighttpd version
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[Figure 60] SQLite version
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Build Date Oct 14 2010 18:55:55

Configure " lconfigure’ (Htarget=arm-inux] —host=arm-linux "—build=i6856-pc-linux-gnu™ —prefix=/usr —
Command exec-prefic=fusr '—sysconfdir=/etc’ ‘—disable-gtk-doc’ ‘—mandir=fusr/share/man’ —
infodir=/usrisharelinfo’ —disable-all’ —without-pear ‘—with-config-file-path=/etc" —
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1uc_a|staledir:hrar‘—enable—di"—anah{e—cg_l"—ar’ ble-fastcgr ‘—enabl kels' - bi
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[Figure 61] Connection information of PHP
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[Figure 62] Main page of web monitoring
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[Figure 63] Statistics page of web monitoring
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[Table 15] Configuration of test environment
[ 15] Ad84d 44

Gateway/
Sma:r;tx Plugl_ Middleware / Web
/ I ‘Iﬂ EHE Ek! ~ Monitoring
Operating )
NanoQplug Linux Kernel 2.6.29
System
cygwin,
Development IAR Frrbedded Workbench for ARM Vim
Tool
Vim
Programming
NanoQplus, C C, PHP
Language
DBMS SQLite
Web Server Lighttpd
MCU: STM32WI08 3Zbit Cortex M3 | CPU : SC32410 ARM
Hardware Memory : 128kbyte Flash, Memory : 256MB SDRAM,

8Kbyte RAM

128MB Nor Flash
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[Table 16] Device-specific power consumption measurements using a measuring
instrument
[ 16] S471E ol &3 7|71 Avdy S4 A9

[Table 17] Device-specific power consumption measurement using the Smart plug
[ 17] 2=rtE EH 8 §3 7|7|d &vjdy 54 43

Ht gk 10.54 W 448 W 3t gk 126.77 W 3.93 W

FEd At 0.58 W 024 W A 179 W 013 W
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[Figure 71] Clustering graph of device-specific power consumption

(a) set—-top box (b) Electric cooker
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[Figure 73] Test result of set-top box and air conditioner measurement
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[Figure 74] Test result of access point and electric rice cooker
measurement
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[Table 20] Test result of standby power measurement

[E 20] 71714 71 d=d gl ~E A3

Al F ks 4.4 W
ool A(~HE) 4.8 W
54 FF71 1.02 W 0543 W
A7 & (R ) 3.4 W
A3 E (EA)) 1.74 W
42 TV 1.2 W
23“ Y H 1.12 W
SA A3 B =FoA Aed 2vtE F# a9 AS di7ld=®e Ft 054371
ZAHE o] AvntE ZHIE AESHA] &S AS B2y oduyA A7 235 YEeRY
= AL ST olE wEoz sbg U sukE Bola Ao < o))
Ay A7 29 AR [ 219 2o
[Table 21] Energy savings analysis
[3 21] oA A7k 53 4
Al ZE 24 24 24 5 5 7 24 24 24 5 5 7
a7k 365 365
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EH?]Z‘;E—:]. 44 1102 34 (174 | 1.2 | 112 | 05 0.5 05 0.5 0.5 05
W
A7k
71 | 385 89 | 297 | 3.1 2.2 2.8 4.3 4.3 43 0.9 0.9 1.2
(kwh)
kwh
A718 w4 63.83
7HE
Ak
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