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The research of Automatic Classification of Home

Appliances using Smart Plug based on Deep Learning

Son, Chang Woo

Abstract

Today deep learning that imitates the learning process of the human
brain among the artificial intelligence that teaches the human mind to the
computer is attracting attention. The deep learning, based on the Artificial
Neural Networks(ANNs) that emerged in the 1980s, was successful with
three developments. It is parallel processing with GPU(Graphic Processing
Unit), easy acquisition of big data and overfitting problems. In this paper,
we will make a case of automatic classification based on sensor rather
than video or speech recognition technology by deep learning, and make it
possible to utilize deep learning in more areas and fields. For this purpose,
it is aimed to automatically classify the type and operation of the product
by the input current waveform of household appliances in the smart plug.

The smart plug is a device that connects between the outlet and the
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product at home, and it is an IoT(Internet of Things) type device that can
drive energy saving and transmit information to the outside by power on /
off control function and power measurement function. In this case, a smart
plug that incorporates deep learning of intelligence technology that allows
people to learn how to think about a computer, automatically classifies a
product as it operates, and automatically tests the operating status of the
washing machine by using input AC current pattern. Through this study,
even if the product does not function as IoT, it can classify product type
and operation state by smart plug connection alone, so we can draw a

new paradigm of life pattern and energy saving in one family.

KEY WORDS : Smart Plug, AC Current, Deep learning, Pattern recognition
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5,=(d—yly(l—y) (18)
8y = 6,Hy Wy = 6,H,(1— Hy) W, (19
8, = 0,H, W, = 6,H,(1— H,) W, (20)
thgo g Z47te] JhEAE 7AlstEE ol s et oA AL @At
A, FEE o9 YES/2HYTOE A @D, (22), @A dHT daugFo
Aol Aeleo] ot
Wy = Wyyyt+a 6, « H 21
Wy = Wygqta oy« H (22)
W, =W, utaed sz (23)
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2.3 984 <dagE IR

2.3.1 A% A17%HDNN, Deep Neural Network)

AS AR ABH dags FolA A8 /Y For o]Foi AU
ougth. =, 19 8AY dHTH =93 Aol EUiY 2HFTERE olHA
vex 9= Alw(Feedforward Neural Network)S ojm3ich AE AAHS
ARFAR] /1F AAHH AR B9 vAY dAESs 29E &+ 3
o},

l J L J | J
Input Layer Hidden Layer Output Layer
Fig. 8 Typical Deep Learning structure

dE Eo AHE A RIS ST AT AW FxRoAA= 24 AATL olH|A|
7R QAE] ATH FAHLE TET F ) olu FUF AFES FXFHL
2 2ol &9 AFEe SAES TIANZE F UAnH2l AF A8 ol
3t EALS vl A F8E dF3AA e HE] o &S 49 f3l(Unit, Node)
= Ve Ex B HolHE Rdy & 5 A siEvH22] olH e 4AF AlA
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dH = Ado] RAY Rofel A5 AAY F2E AL AF Tl Ak

AS AATe gy duEEE Ve s EFE 4 A 5" 5 Ao
olml, ZFSAEL ok SHe °l&d &FEH BA s Gtochastic
Gradient Descent)& &3kl 2] (24)2F o] BAZH
Awy (14 1) = Awyy () + 72 24)

i

ne e5E(Learning Rate)S 9lwlslH, C&= AFE9] g5 XEZ=2H &4 3

4(Cost Function)g ©om| gttt &4 o] AEe 359 ¥

St Astets)et 24 St 2 gddsel YA A EH.

035 F 2 BF EAMulticlass Classification Problem)o] A= &8 &
o)\ = o

Antz o2 ZEz TEHY &4 e s A AZTEWA 4 Wik o

!

_{

23] $+<=(Cross Entropy Function® 2

srEds G5t ZEUG o] 19 HES

o
it
AU\

expl(z;)

p;= %}TW (25)

F9 k2o A 49e e,

aga 2dE SEA77] feiAe A BEdol Fue Zlo] of" AJAE
A sz AHosfjof st=t, F2 A JERY F4E ARSI ©]
& BH o]E BokollA HAERE

U=
| 85 3[23], 4 2607 oA,

o
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C==Yd; « log(p;) (26)

e 2E SES U, ) AT 2485
3}

A% AWl AFe WA U o Fo| shte AFTAA BT 8
283 AFEES £Y 5 UAEE ol MHsE M NSl den
A BT 5 U

o

A sH(Optimization)g} gt} o] 7hsX& F4<= 3

Tt W2 g7 Wil 7hexE AAste 45 ¢ WHola wHEA HF
o2 trith ol @Al Fobrb: W Fol FjEA < o] 4

(GD, Gradient Descent)o]lal F-2+4 k= 1

352 AL 37FH(SGD, Stochastic Gradient Descent), =# & (Monentum),

AdaGrad(Adaptive Gradient Descent)2} Adam(Adaptive Moment Estimation)©]

UTH25]. FE2 BAsE Y 42 4 QN3 2.

Lo
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AATE £ PE ANE S ta 2AE T S QAT DY AN =

=
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Collection @ kmou



v=av— U%V (28)

W= W+ (29)

v =YollA Zate SE(Velocity)ol dldstal olFdte AolA LF

HdE Fo FA olFdd WS 7IFetHA I WIFeE dAH FAEE F
JhH o2 o]F3tE Wlolt). AdaGrad:e /N 75X o] 28 (Adaptive) 0.2
&S 2AHEA TES sty 4 074 GDE FIEHT

_ oL oL
h=h+ 505 (30)

W= Wty 9L 3D
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et A MAlE 3 AT AAstE 7149 7FEX 7FA(Weight Decay) b

= ob(Drop OupeltH27l. 3 Aol F2 dojub A9E AFA +7b B
314 HlolElZt e Aotk EA gat 5 Fol AFAL 2 A0
& el =§ of

Fde @ W Jofo] FAL T AAslel AEE ATAA @ st

al
HeAE dEe AAEE T % AP APE 2ol
< A

2.3.2 3AF A ZAHCNN, Convolution Neural Network)

A F AATES 19899 LeCun =9  “Back-propagation applied to
handwritten zip code recognition” ©. 2 A/ EATH28]. 1 FAll= Z71A U
2ol oA o Q= AV URAIRE o] & W3 st v HEE GANA
t}. LeCune %9 LeNetolzl= UEHZE 19983l A7ldl=d], o]Zlo] o]
A JAAF 54 AA T TERE FolA AREE Hx FAE Aol

T g U291

Aa7tA B AAdwe dAste A EE wdd 2dHo s €39
dZd% AZ(Fully-connected)< Affine AlZole}t 34, FAF AATL] 2=
i BEAHE AFe 2o wE F A F4F A S(Convolutional
Layen ¥ &3 AS(Pooling Layer)o] AFA &3t FA853 AT tharde
dlole d4tola, 8 AZL dHolEe I3 AVE Z4sE dalolth

a9 9o A} o] 9o aHL Affine AlZoE o]Fo|x UEYIAE e
Uz, ofgle] 1¥He FAHAH A5 EY AFSE o] Fo
TZE BAFa 301
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- Affine |= Rel U \— Affine = RelU | ~{ Affine |~ ReLU — Affine |-~ ReLU — Affine |- Softmax

______________________________________________

1 ' ] 1 i i !
! T i i 'y | | J
: Coriv}+|ReLUl Pooing -+ Cony -+ ReLU - Pocling+—+ Conv -+ ReL U—rAffine - ReLU A ffine—~Softmay :
1 I | 1y l [ '
I i

Fig. 9 Fully-connected layer and Convolution Neural Network Structure

71E9 T HAEEY EAHS WY e, WESN A =279 S5 A
kel Al ZFAl EA7F AT off 19 103 o] 28x28 A7 FIIAE
A2t HESZE THeEgal stH, 249 3ol g Fola 100719 wH & 7HA
3 Q= Aol o] HES A a3t 759 ek Bias)> F 79,510(78,400
+ 100 + 1000 + 10)707F HQ3lt}. o] SAE Hx
HH =L St dHolEE AgaFor sk Al s BN oty =24
o] Z7), A, Wy QA HH, ol I MEL 5 HolHS Lol o}
st ZAI7F Aok 229 2 dskA ¥aL, 29 HolEE AR A2
ol B ¥ Th<F dlolE 7 Bastal, wEka Skg AlRto] ZojAA HY
[311.

Adoz 2 B A o F3

oJd EAE MAstLA BEQ Zo] FHF ABFolth 1Y 109 B
ALk MNIST HlolEjst e olmlx] dolele dutzos A, A=, 712 o
A 3oz TAR HolEo]w Affine AZoIAE o 3349 HolEE 144
ol E(28x28-T80 2 1HY JHWAT FHFoIAE 339 dlolEl(l, 28, 288
Yt 3x9le] HolHE FYsine IS 44T

ANAE ol UEY wolelE 57 W(Feature Map)o] ek Gk,

¥ 5 Aok GHF AAY
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Fig. 10 MNIST data Feature Map
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Table 1 Types of Deep Learning and Application
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Fig. 11 The Importance of the IoT Concept[38]
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Fig. 13 Smart Plug system structure diagram
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Fig. 14 Link between IoT and Smart Home
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S5 FAE ) Wi 32 ko gul AFI EE20 ACE o )
AeT st o|AL FrIH o=z R Z<ko] vl 7] wFe]al 50Hze} 60Hz

: = =
o 27k FF7t e, SEvehs 60Hzolth o] 60Hz oWl kel F W
HE 29 603 HHEST= orjojth. AC A

= AHgskE A7 7t 4

3 A7 224 otk " TH40L

ACE dgeleo]l x| = HA wel =] AT F7|5 zta U
g uppE BE duAoln. BAel et ek Aol e + gl o
HHQl oAU 2ols] 98 UMHoR AsHE WU Addste] P
2 tepac

ACe] A<tat AF= ofalel 4 (32), 33 o] Yepd 4 Ut
V(t)= V,cos(wt+86,) (32)

It) = [mcos(wt-l-@i) (33)
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Pt)=VI(t) « 1) (34)

= V,cos(wt+8,) « I, cos(wt+6,)

VI?’[”l
5 cos (Qwt+6,+86,)

|
Q
S
V)
—~
5
<
N
+

Wkl T ALY 53(n phase)o] B2 HAEH} A/ 47 =3 |9
© 2T kst A ¢ Ak o] AC AY A pi) & €8T FUIE
zb= 7] otk AC MEe dAR FUE 2] Wi FU1E g9 E s
o 33tH =] 0o] FHof wgar vk 2y wf AlZte] HEe £9 (0]
oly”] o] AA Fd& HAAIE FE AES ANE davt Aok #7)
3|2 o|2olME Ay Ho do= Mt MR HaEFS Axlsta ol&
S FEAES vYERATHAL

AC HE & A&3st= 7] FRoA F3E FHsle AR/
Aol A3t A4 Residence), &% AS(Inductance)et 83

wheh kT AR Slgel o)zt A7 Bk
AC 312 ol §= A%7 9w the 4 @Y gol AR7F At 9

= AF Fste &
A 4=(Capacitance) ]

=2V s sin wt+ = 2wLI+ sin(wt+ 2)[V] (35)
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Fig. 16 Smart Plug to Measure Input Current
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Fig. 24 Power measuring circuit
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Fig. 25 Pin arrangement of the ESP-12E module
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Table 2 Main Spec of ESP-12E
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I8 262 dyg =4 329 MCU/&to] Tlo) 328 FA43 RE(PCB #)9
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Fig. 26 Board including power circuit and MCU/Wi-Fi (Before PCB)

Collection @ kmou



33t
1_

e B R A PR Aol GBS Fxe what
42 AZEY S AA

421 939 44
AEZE o] AL Helde oF9A AAstEAY] sAE vEauA T b
ZEl sk WY 289l sty WY 5 AWtk 2=Z ekl gyl A
Tensorflow ToolZ HHYd E1dS AA9 3 AR A=sty, &8¢
bl A AHEA Aol A AvkE Fe vk E24a] fsjAE MCUS Held
o £xESOIE o) AAY WS AYsuA doh 1Y 28 Py WA

Collection @ kmou



1. HlofE =3

¢ X Train Welght Y Train CEE D Train
2. FAe| apE Full batch :
| Data (N)
) Mini batch :
AU s Data(n) Training % CEE : Cross Entropy Error
omatol ol SN | Cost 4) B e

e E :"-'l'_: tior X valigstion Y \alidation D siigation
L 4. Validation O @ O O
{

MCUOf| A "=t A

ol

Fig. 28 Full configuration of Deep Learning
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Fig. 29 Deep Learning Design Stage
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Table 3 Data collection method
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Fig. 30 Deep Learning preprocessing process
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Fig. 32 On-line Test method
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Fig. 33 Deep Learning Flow chart at MCU
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Table 4 The object of an experiment
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Table 5 Power converter circuit and description
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Table 6 10 Input characteristics
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Table 7 10 Input current waveforms
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A Azyel BAE AE HxuAE A detelHE R A

AolA stetuE o] F3tel FEe A9 E(Local Hole)gol EAste] A
2 ¢l &) (Global Minimum)E %7] IAEA H&= EAS 3o

AF HolHE AMgste 548 dgx ASETEH 3 A 4de A%
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Fig. 38 Cross Validation construction
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Fig. 39 Bootstrap construction
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Table 8 Internal variables for 3 purposes

NO W 7% 2% 1 2E 2 2% 3
1 PG X 30 30 60
2 2431 H1 10 10 10
3 2432 H2 10 10 10
4 =43 Y 7 10 2
5 | =87 %3 - Softmax
ERE! 1200 10=120
6 N 1200 X 7=8400 4000 % 2=8000
tlelg 00
7 Train - 900x7=6300 | 900x10=9000 | 3000 x2=6000
8 Validation - 300x7=2100 | 300x10=3000 | 1000 x2=2000
9 | swEAF - Cross Validation
10 k-Fold - 4-Fold
11 | Test(2ek<D) 3 MCUo A 223l A=
Full /
12 Batch 3 Full batch . Full batch
Mini (300)
13 Drop Out - 1 1 1
14 | 243 3= - Sigmoid Sigmoid Sigmoid
15 &4 CEE Cross Entropy Error
16 | o8 71&7] . Adam Optimizer
17 Sh5& n 0.005
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ghgol ¢EFHol kA wifHSTE A = 2,10070(300x 7)e) A5 Hlo]
HZ ASAS of AFEo] 99.95%(2099/210004 = ofefe] & 99F o] &=
g (Confusion Matrix)2 &<lo] 7}s3ith 7f2E8 A ZA3Q &38| HHol
3, AlZ2ES A4 APl Exo AWE HoFEr}h 7129 3 Line AA &3
7F A el "ist A5 dolE(E007/DE, 1~61 AF(1~62)S AS=7F 100%
2 ugka 7 Xﬂ%('loiEﬁ‘rolﬂ)OﬂH 30070 Zol 1% TVZ #d3a v

At dojsetolr 2 Baste] 4wl e & & AUk

Table 9 Confusion matrixes of 7 product categories

X

aal 1 2 3 4 5 6 7

1 300 0 0 0 0 0

2 0 300 0 0 0 0

3 0 0 300 0 0 0

4 0 0 0 300 0 0 0

5 0 0 0 300 0 0

6 0 0 0 0 300 0

7 0 0 0 0 1 299
S A% PHe 9A MEAY @A 4Fe 4-Fod 4F% 2 wEow
e W olgol 28 WE @A AFS E 10049 2L AR st Az

2o 2-1e @A AFel 2-fold wleleelA 13 92 we Aolth HI=7}
99% o4 %A EFE 3% volEe 4F dolHAN FUF JHso|nw,

3T
3 AG Bgel fee el T 5 ULk
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Table 10 Cross Validation results of 2 times 4-Fold at 7 categories

ol & %k AH=(%)
1-1 0.031 100
1-2 0.164 100
2-1 0.121 99.95
2-2 0.015 99.95
3-1 0.083 99.90
3-2 0.152 100
4-1 0.062 99.85
4-2 0.077 99.90

542 10712 A& 7 &7 43 2H

T FATEE T W07HA AFS] T/ 24 < 9s "oz 7d
ds w =4 I o] FA=e EES O¥ 4194 HYFa At
9,0007H(900 x 10)9] 3t<x Hjo AUHA &4 o

| vl 7}
gzl % 3,0007HB00x10¢]  H2E tHolHZE HIIYs W AHFEC]
99.97%(2999/3000)9 & ot o] F 113} o] &= FB= FRlo] 7ttt
Hozel 3 & AA AZE AF el e A tlelE@007)=, 74 o<
o AF AFE7F 100%2 Ustar 7H A F @G o =gko] 7)ol A= 30078 el 1
AR TVE 333 ywA= Foj=gelrz ddste Za=rt se2 &
T ATk Yl o 19 4lelA et o] T7HA As EREH 107HA AE
oAl ol Zass @l =gAT 25 FARHA o2zt 0 7
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T
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Table 11 Confusion matrixes of 10 categories
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Table 12 Cross Validation results of 2 times 4-Fold at 7 categories

ol & %k A =(%)

1-1 0.0038 100

1-2 0.0041 100

2-1 0.0032 98.36
2-2 0.0037 98.36
3-1 0.0043 99.96
3-2 0.0042 99.96
4-1 0.0029 99.96
4-2 0.0035 99.96

2.5
Full batch
2.0+ o
: messm  Mini batch
o
=3 154
5]
-
o
o 10
=
0.5
0.0 T t T T + T T i
0 5 10 15 20 25 30 35 40

Time[sec]

Fig. 42 Comparison of operation speed(Full batch vs. Mini batch)

Collection @ kmou



ojm =& H= ARt whel EF wiA tiH] vy HjA o &o] E HAE &
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Fig. 43 Error reduction rate of Mini batch
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Fig. 44 Error rate graph of the third goal
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Table 14 Cross Validation results of 2 times 4-Fold at Wash and Spin

ol & %k AH=(%)
1-1 0.011 99.70
1-2 0.013 99.80
2-1 0 99.60
2-2 0.008 99.40
3-1 0 99.10
3-2 0 99.00
4-1 0 99.20
4-2 0.01 99.20
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Table 15 10 types

and 2 motion classification result in MCU

Coll

2z = E;_(]—
AE 274 AZHZ) i >
1% B A HNEBE(%) HBE(%D)

1-1 A E7]-A e 418 97 86

1-2 A e 7| -g<= 639 100 98
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3 oo A 429 99 -
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55 E PCB Gerber(Top ¥ Bottom)
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F-E F PCB Gerber(Solder Mask Top ¥ Bottom)
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