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(Development and Performance Analysis of an Effective
Smart Plug System based on K10026 Regulation)
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Abstract : This paper proposes an effective smart plug system capable of monitoring power,
cutting off standby power and overload current. The key design concept is focused on
measurement accuracy, self power consumption and controlling via smart phone application. The
system is composed of several plugs and a hub, and adopts a star—-topology-styled TDMA
wireless protocol for communication between plug and hub. The test result shows that the
implemented smart plug system meets K10026 regulation and is worth in electrical safety, energy
saving, easy living.
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Table 2. Power Consumption of Appliance

RMS Voltage, RMS

hsd A

E (Shunt Resistors)$}
Aded, HE

parameter| State of Standby |State of Operation

ApitEmces P.F. |Power (W)| P.F. |Power (W)
Computer 0.22 3.45 0.92 115
Monitor 0.11 0.5 0.56 36.5
Bluray 0.71 1.23 0.77 30
Set top box | 0.47 7.5 0.48 9.7
TV 0.04 0.8 0.98 317
Oven 0.07 1.25 0.99 2300
Rice cooker | 0.88 5.2 0.99 1033
Dishwasher 0.04 0.4 0.58 11.6
Dryer 0 0.06 0.99 1267
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Table 3. Current Consumption of

Communication Module

Item Idle Rx Tx
WiFi (Wifi250) 32mA 150mA 290mA
BLE (CSR1010) 1mA 16mA 16mA
RF (CC1120) 1.3mA 22mA 32mA

4. XA MHAE x5

2ntE Fe vt AAE ARREA g gy A
B (standby)oll A Au]z=e] AR LA
W7l Ag Az 2208 8514 wel 0.5W o]
Wololof g}, weld EARE, Deo], SMPS &
o] FayFe HAHAR % Fefste] 2mtE EFe
£ /g 3tofof gt

A On/Off Aol = i7]dd e A5
MCU7} Ao & o2 Hylo] ~ntE Zg
of Adx 7hdAEe] DS AojstA =tk €l
o] HAol= NO ©Normal Open), NC (Normal
Close) @ @3 @#o] (Latching Relay) 4]
o] 9=, NO, NC= 444 o 4 d95
RBahe Ao g vgE Aot v A o]
A On/Off T2 Aldflvk ¢k 50ms W= A
Axste] AHE Fdol FAo] ok

o rfr B ofn

SMPSE 220V ACHYE 5V DCzE W3sly
A A AR} ok 0.2W oo HAH AR N
0] T2 FEolu KCUFS w2 A& ARg3lof
3l7] witol] Aele] Fo] WA= ¥t

BARE Fo #E 37 o] epolmtel= BLE,
RF ZEd njste] Agau7l 453 o A%
AL E AlE gE37] o]yt BLE, RF #& 4
= ZREF wel FH23% 717 B9 Rx, Tx
g F AT HAHsE HA T2 713 sleep
idle JHlE FA & F A=EF sof gt}

5. chekgh JHE A of

AFEARE T TPAAIES A ghe] X
Eldo] ggo] Aojsr] = ﬂfs&u}. ole]3t 2T E

WEA717] Slete] 94 Aol Wk ohe ALEA
o] =AFE wE On/Off Ao 7|5& AT
7]- }\}\‘:]—.
N, E2, B, H1 5 A gl x A
oa 247 ek Akl A APAEES A
8 E 2rtE EF 1 RTC  (Real

ok

o] &}k

Ol' ‘l}‘“



CHEIUHICISBSal=2X M 11 Kl 55 20164 102 291
Time Clock) 59 AH85 mEe] Wastn Azt 3} FH71E 5§ TCPIP A7 BAoR WeAde
g B718 A0 2708 @ 5 Qe ddel We  Guath £ FF IMSN TREZS Eshs
o AR SAHE FPHE vE Eela A duolad At #AES el dEADw

A3l PAShe] SMUP Eelash A% 4 9 shedch

EdEo] wFo] 7t Zeamitl RTCE A2
5

E Zejat SuERy ARARE FAske] Az
o W= On/Off Alolsts Walo] nrh E&Holth,
2AF wE oot AHE AvEE

Q. 8m,
sutE Eead) AFF 5 Y, Aol AT 3
$ zvpEEse] Falo] b HAL o] A
W A dord Aust FAsA Rshe A9
BAT 5 Ak = FHne] qgats AgelE o
o Eeloe] g olef YRE Bl T B
e mFe 01 WSl A FAL 1wy
71 9% & Ak mekd 7 Felad o gn
g A%Y 3T, uﬂEfﬂ Aefow we Aug A%
7] EAw w2 SvdA Bd el Ak

V. SMUP &2 AR

4
]

1. 8AH AlAEH 7Y

AgrstE ~ntE ZejaE SMUP Zelas o
AR Az=Ee 38 4oA ®HE ugl o)
54, ridd At 58 Z2E SMUP

o ok
‘Ho&ﬁﬂ

1E19} U”Mi Ag 928 sk B, BUE
Aol MEAAE B £ = 2AufEE o
2 74t

SMUP Z# 18} 5
3ol 900MHz RF E—H
3 BN B

ot ox MmH = of
hu

M

a9 4. SMUP 8L A28 4%
Fig. 4 SMUP Plug System Architecture

2. SMUP &1
SMUP Z#1+ 250V, 10A Ao 2t gle

W, oK s L ABAE, AR AF A,
B4 52 5% AAAES £F Aol adn 42
o1g% A7 Aol A Aok, 2AF elof, 1P

gutgog Zearl Fa FolEol
& A& 7Sl 2.4GHz

& m#ste] 917MHz o

9] CC1120& A#atdth. 447MHz Y= 7Fe
3hA] ek %H%Xdﬁra*& 447.8625MHz ~ 447.9875
MHzol A & 1170¢] 2§do] <oF 1.2Kbps 5% Ab
£0] 7}%6}71 i FA SHio] Aoke e
th. ¥ 917MHz 9L 50kbps7hA o £
=7F 7bssted IMSN ZREFS A&3hd 1z
oF 25719 ElY £%& FFT F o HAxs
":‘%‘g st S EE AYstar 24712 SMUP =¥
| AHg 7hEstal 1o olde] EFElak
zg—@g 7gx§ WAoo R ggo] shsdk Aol ol

o
=z
®
4t
i
=2

O
e
= MH

By

F

o
ﬁx
of
ﬂl}ﬂ
o

+

o 1

28
oftl
=2
i)
o
o
H
o
R
R
o

3=

o

(@]

w

a

=~

@

o

o
folr 1 L‘u |\
o o
ol
o =
o 4

=
=
wm
%
o
o UM

o ol
ol
ol

o jo
m H 2

2 o
of

I o
&
3
"__>|“_4‘
>
e
N
S
o
oo
=2
2
%
ot

BB & o
2 oo
i
)
)
o
ot
»
>
N
o

)
o,
off

o] glov £He o 4vtaz wY

H
(@]
n L
S o
e
offl
M3 oot
ik o,
%
e tl
N =
D

(AT
ol it M
o i o

B

ko

e

N

)

olr

oX,

=2,

=2

=

ol

ol

9

BN

(@)

(@)

=]

>

]I {

et gt
32KB, dolel 2KB)9F A A= (Active:
Idle: 1.2 mA), 7t3 & 1#dte] HA ~Fo=
Atmega 328% A& 3&}4it}.

TFdE SMUP Z81 BES 2% 59 B,
I 58 AYS ® 40 g.9Fs)



292 K10026 D18 AODLE S AIAE O

I3 5. SMUP 81 B3
Fig. 5 Photo of SMUP Plug
¥ 4. SMUP 2271 Ape
Table 4. Spec. of SMUP Plug
Index Spec. (Model)
MCU Atmega328 (8bit, 7.3728MHz)
RF CC1120 (917MHz)

Power Sensor

CS5480 (0.1% error)

Relay

HFE39-5-2HT-2L

SMPS

PA0405S (700mA)
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% 6. SMUP 81 +%
Fig. 6 Architecture of SMUP Plug
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1% 7. SMUP &H X5
Fig. 7 Photo of SMUP Hub

¥ 5. SMUP & B Al
Table 5. Spec. of SMUP Hub

Index Spec. (Model)

MCU Atmega328 (8bit, 7.3728MHz)
RF CC1120 (917MHz)

WiFi CC3200 (802.11 b/g/n)
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® 6. F AN H2E A

Table 6. Result of Wireless Communication Test

# Case Pass Fail Rx rate

1 19,774 18,691 1,083 94.5%
2 53,507| 53,498 9 99.9%
3 37,000 37,000 0 100%

1. 248 S M5 HAE
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Fig. 11 Architecture of Measurement

Table 7. Error Rate of Measurement

Load WT210 SMUP Error rate
USB Fan 2.26W 2.2W 2.65%
Fan 37.17TW 37.1W 0.19%
Dust
97.77TW 97.5W 0.28%
collector
Heater 877.07TW 875.4W 0.19%
e b AFS AR E 7S 2953
SAEe Aeld Ao, AP APHOE e
USBAE71E AlYsta 0.3% v 2tE 2

=3
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Fig. 12 Measurement of SMUP Plug Power

Consumption
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Table 8. Result of Power Off Stand-by Test

Case Cutoff Release Success
200 200 200 100%
£ 9. AAF Ad HiE A3

Table 9. Result of Power Off Overload
Current Test

Case Cutoff Release Success

700 700 700 100%
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