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Abstract

As the usages of artificial intelligence is increased, the demand to algorithms for small portable devices
increases. Also as the embedded system becomes high-performance, it is possible to implement algorithms
for high-speed computation and machine learning as well as operating systems. As the machine learning
algorithms process repetitive calculations, it depend on the cloud environment by network connection. For
an stand alone system, low power consumption and fast execution by optimized algorithm are required.
In this study, for the purpose of smart control, an energy measurement sensor is connected to an
embedded system, and a real-time monitoring system is implemented to store measurement information as
a database. Continuously measured and stored data is applied to a learning algorithm, which can be
utilized for optimal power control, and a system interfacing various sensors required for energy
measurement was constructed.

I E At e A" gAY, Wil dolE o] A AAQIE H o] A~

Tl

keywords : embedded system, power control, machine learning, database, sensor interface

*

=9 AFvetn AFE 3ot 1.ME

oL 1T} R oy M =)
Y FEUSGE JREN TR

+

WA A 2} o] 3 (email: ktlee@kongju.ac.kr) ol e mmzel x ) =

= = 7 7_:]| E‘l A5
H4A 2k 2020.12.10. AAFEE: 2020.12.14. A= SR AT e
AAEA: 2020.12.21. YA, =g gole} T2 ASRE


http://dx.doi.org/10.29056/jsav.2020.12.14

5t 314
A0|O|E{ QIE{H O|A MA
==

| A
| AAEIS 2

o

]’oq, ?l%xl

mo —
Nr TH
o ]
~° C ™~
m.ﬁ_% " = Wﬂ%aﬂ =
Ne}rﬂ;wﬂ% @ B/ N maﬂmnmo
5o e N g2 477 g % i
%ﬂ?owﬂ S ﬁrﬁlﬂ Nimmﬁ,_&
iﬂ]o_a7 = ~ 2 ogﬁ%ﬂ
o0 N o T oy o) A T 0 o i
e B n c CHI = 2o B H
o aﬁ%l < ogmﬂhﬂnaumﬂﬂ
ﬁofr@ﬂqﬂ 3 ;E_amoﬂﬁ@ma%mo o
@f&iwnﬁﬁ R T Zw 5 =
o o T e N F ]%1E
m.LIMﬂ = B ~ T
IRy B c il o 5 2 A i al|®
P T %o o 8 PE S = T | n
§p o E ) 3 o o ~ mn_, ARE vl |&||@ A
T = " szuaﬂ N e g = ~ X L I o]/ m.wavMG.._w = |®
= o B 5 £ ﬂ&m?7]ﬂ 2o T JIEME R b
= s a s O T g B 5| o |2 {
o = 2 bo oo O 2 %0 B £ X o i ol oY
ﬂmﬁﬁé@a@ . %@ﬂﬁwﬂo imﬂLZ 8
o - _O —_ naJv
TE T 5 MH% ™ éwwmwm\%‘%jL -
[ X o]xko;o,_lm L
) ﬂ:;wwamowww = — L
T THECEZ Mo
dixre B ¢ T ETEEE
o B oF W o7 o M R F E K
oﬂﬂaaaxog_ T~ o’ RN h
%ﬂ?@aﬂ% %%Eﬂﬁx%@ﬂw
IEoTHMﬁﬂywﬂJ 7xﬁoW®0ﬂ%MM ?ﬂﬂu%dﬂ.
~ — o o ) my N o 3 T ]
%gebﬂoﬁﬂﬂl %Mmzlotigmﬂjlﬁamw@m %wﬁAﬂﬂl]
o MﬁﬁmML = = hohwﬁ_ﬂ E‘%mwmaw_$,w,m © oy TR T
> qw%@mmam%azégs4@wq ﬁgmgmmw
ﬁﬂi&ﬂ%%ﬂrﬂ%.ﬂ%ikﬁﬂoﬁ,1% W%m_aﬁwﬁﬂ
Q.MwHw*%‘ﬂc¢ﬂ_% imwMemwg %,%ﬂﬁa.i‘% . T rE
! T 1r:.1_|,|‘
ﬂymemoﬂmﬂﬁ%a%@__o7@”&%%%@@ 3 gmww;mig
.%ﬁﬁﬁ%%ﬂﬁme_lﬂoeéﬁ%ﬁd?? < %V@%ﬁaﬂo_
X zﬂgoowrﬂﬂ7zoauuoﬂd;512 H Ol e ,%]E.b
o ¥ s gwﬁth@ﬂas P RO LI
—~ [ - ~| T = o T
ﬂ%urmum, wm_ojgiﬂswLﬂﬂwWE R0 ﬁ%@%meﬂ
oﬂEVoT_dL ﬂ%ﬂ“%@xu%ﬂ Xy f xEOMWMN
3 = ﬂﬁo%mﬂz%ﬁed mﬂ:lﬂ%mﬂ o} Lx]zﬁx%
7_A EME o o ~ 70 B e ﬂ ‘LW D = = OL —_ ;OL HE O 3o Uﬁ EE
afmo%@wiMgmaﬁ@%%ﬁcuﬁ s a ﬂﬂnm@ﬂ%1ﬂ
gaﬂw%ﬂqc#% b2 E_XM.E,NMH¥.% N o lzﬁgHﬂ7amvﬂ;o
N E Ma;ﬁ@,rwu@%w% Lﬂaﬂﬂﬂ@m
CET RSN X D [
w» o <] of iEmﬂg
b o = = Mo X q =
AJxL;o‘__ZT. _,,Foeon_AlHL]%o
ﬂo\m._o_lﬂl iy = = OZ
o) W T M =
ﬂhwwwﬁuo#,.rwl]r,_
ﬁ\._,_m_l‘mL;,M‘m

Fs -
of SHHES

Fig. 2 i
. Learning and evaluation

a2l 2. MAGH0|E| &

2= Hlo]g
- 128 -



2020 128 Sr2ATELYEIIEH

==X HM162 H2=

1) diolgf =&

dlo]el=H (Data Collection) &A= ol Al
oA sk QRARE VAT WARA
DNN(Deep Neural Network)e] 7-$-+= = H o] g

(Big Data)& A&stal 9+ H]O]H Hlo| A~ &
g3to], oS3 Bl dag doly
ol 2 Age Zo] dlolElzb AlghA

oy ¥
o m
=>ore oo m@

ot ot 2
ol
4 2

Azdold 2% ANE B8 T4
NS e e ols FAS Ba 57
A,

2) Olojef ®MAz2|

39 dolHe  teolE A2 (Data Pre-
processing) HA 08 o SZ Ao Aot
B2 7hadnh doleAA(Data Cleaning), %
T dolgolA 54
(Featuring) 4% ZghH ),

w

) 2R
A9 delge] FAYLYES deshs 3
Hoz  wdxde(Model Selection)?}7o]H,

RelLU, sigmode, softmax 5] &-g&Ft}

EE-IIAH/%I
] %)

HeABAAS DA% BT W) A
MRS A Yoz, A doje &

a, Az e
dlojefel]l et o5& ot= HHow, A 2
&

- 129

3. dlA QIE{H|O] A

24 A9l 24 9

2
a7} o]y **]/\14 A o]
A 2~8¢] GPIO(General Perpose Input Output)

TES} =4 44

olf o] 2o 4

A5 g B

E oo
o
0y
)
R

o3l
R0
N
4
Olr
Ol
ﬁ
3u!
L
Ak
O ol o

73

o

S T e )
it dg A2 rlo

Jo Sl

N o
oxl (l::
fr ooy M g
© 2 4

O
»

2 ASAAE
9% 2eE §A37] A
, &71AI17] T AlelsE
Qo] ;La 3;} 7Lo] zqiﬂ;ﬂo]

ol o
[k

|o
fru

o, ol o

1

(ot

] %
__W‘_,‘ —_—
> o
£ = 9
= = oY
(e} _>L o

o,
s

ol
olr

)

N
ol

o

A shefof

i, waley ZRoago

ko], Ao 7]d 22
gEow Al 845 Wstetes g
—»=~ Power

Sensing

Temp.
Humidity
Light

Embedded system
Raspberry

Machine | Database
Learning (Mysql)

% 3. z[Hs MojA|AH M E
Fig. 3. Optimized control system architecture

Aircon

Heater

Fan

-

—

L Vo =%

H 4

@ 5



AU FEBE NAHS 2

oF 2HACO[E| QIE{HO[A HA

HstE A 87 dde MR dEEe S A8 M E AR @s SAske], 74
v =g A& w7t TheetEs A o= @bk WS A8l 29 5= A
o 7 S48 4 A A7 A= F AMe 4 F2E s, 49 Ay
vk, g 2E AYAaRg 5 AW ) & yehdth A9 g2 ek Age wew
Ak s A, AQEE dUAE F AXEE Aolmzm AMe =Azrow AR}
Aol Alzglon AT AREE dHt= AGS do} v A (el o) Axtsa, 27 5
Alglle gpzulglstol4 Rloln], Raspbian & o] $Z53 Zo] 34 9 AN A3t FAE
FAA

fA0A AAe] AAT BAAA Do

e
e
1_;‘ =
i)

NrgoR Adshe IRTAL SN AR

=
9 A= 30A7HA FA4 o] 7hsstal, ADCE &9

al

o -50%elA 150%2]
e A4 DHTI19 LM35, =

DS18s200] AFol ARSHITHIII0]. &% gro] Bl AREE ADCE 8HIER 25
ohdzaE AT AN BE4E melsel, T 12
IR S UAY goz W@ ;=S¢

ADC(Analog to Digital convertor)& 283}
b A3 2o Y= Al2gRe] A5 QlE
ol 2 ZHE Ads I 49 o] FAT)

a3 5 M=HEy 32 3 dolH
Fig. 5. Power sensor and measurement

¢

) oA &3S st
3.0 MBEX MA FH R 2RAME dAste] XA 9}
1710 =
71T AEE 283 dYA o Al2Hl A&
A #7e] AALE Aol ARHE AY o] 7}5&he}



-

2020 12€ @

FLZEOAIEIISe| ==X H16H HM2=

4. Hio|ef =A F&

WA dolele] Qo] HolE o] o] A4

H
o AYsEE B

ek S ElolE =

(Data Logger)2til gt 2 Aol 4] A4 w]o]

Hel 9de exMNg ARANR Faslz,
| s

2EQlge] 2
Convertor)2} &7 AM&E+ LM35E H sl
a9 63 7o) s

=4 2 A%E dolEe= Aol AgE o] o
EQIA FAOR A7l ®do] rbesi, of

71X%= grafana T]2Zdo] 1S A4l %

A4 2} ADC(Analog to Digital
|

Browser(Grafana)
Temperature
Senerg Database
(Mysql)
DS18s20
LM35
With ADC

a2l 6. Hlole 2H FHE
Fig. 6. Date Logger architecture

44 dolHe 19 73 Zo] gIiE d=
atal, DHTIL AlM QlEjso] A= l=fs,
Zdo]E 7} mysql dB, Influx dBell <
= Fdstth 349 5% HolHe

A9l Axo] HEE AT 19 102
B BIEE:

AAA o] ZIEA A AZEE e

[ g e ot rlo

o o do e o Mot
o tp
A
o2
e
>
)
o
T
"
__\T\_“
o
i
o
)

oy
%0
T

MariaDB [raspi_dpl> select + from collect_data ;
e et fommm fommmmm o +
| valuel | valueZ |

2020-08-1
2020-08-1
2020-08-
2020-08-
2020-08-
2020-08-
2020-08-

28
28 |

o

(TR )
(SRS
B 13 B3 ) 13
0000 00 0o

=] =] ] =] = ] ]
€ £R R O e CA O
€0 fo 0o fo 0 oot

a3 7. dioJEH|o]A F=
Fig. 7. database fields

A QIEFo]~2 SAE 7% A4 dlolE
= HA %E BAs] Sal AR -
o2 dole o~z Agdof gl 1Y 82
mysql & A& dHolguo]zo A HEQAR

QEH FHPAlsh skl AR S
2 gold A9F LEst 45 @S tehhe b
sBeo] e nelth 44 A%e HH4 %
& UYL FAN) 8 2 ouAst
Azrd ARE W3 BFE LE, FE, £E, A

o Holg grom EHe| Hsaws 7t

80

60

a0

20

—— temperature
—— Humidity

0
11:49:30 11:49:40 11:49:50 11:50:00 11:50:10 11:50:20 11:50:30

a# € > PQ =

a4l 8. cloleHojAel £X ool
Fig. 8. Database runtime display

- 131 -



>

L e NAESE @

oF 2HACO[E| QIE{HO[A HA

5 2 E
A 2 oo I FEjel Fopgte] W
stoll el JFS v TR, AAT 2xe)
HEE A7) AeiAE e A dolE o)
% o

HA5 AA o] B bz, AuA Zo
LTHE B AA9 e o]t e
% Azde PASE:

Qs Azge gEgRce FYss
ou}, A FuZ] WAL A 99
NVIDIA 71452 Waste] 28sa gk, &
E AASE $% AN SAgE R dolE o]
22 AR 5 gestgon, 28 A4

S 9% PHRE AFSE PHoz AN

o] =2 !
o7 FmAFAte] 7|xdATAE Ad
9. (2020R111A3070744)

(1]

(2]

[3]

[4]

[5]

(6]

132 -

IRy

MO

1

i

Ali, Safdar, and DoHyeun Kim. “Building
power control and comfort management
using genetic programming and fuzzy
logic”, Journal of Energy in Southern
Africa 262 (2015): 94-102. http://www.
scielo.org.za/scielo.php?script=sci_arttext&pi
d=S1021-447X2015000200010&Ing=en&nrm=
iso

Ullah, Israr, Rashid Ahmad, and DoHyeun
Kim. “A Prediction Mechanism of Energy
Consumption in Residential Buildings
Using Hidden Markov Model”, Energies
112 (2018): 358. https://doi.org/10.3390/
enl1020358

olifth, “YHlt=AI~"] ojFIE= F
oL B | = =[S R e s T e B
A, 5H1Z, pp27-38, 20095 http://www.i3.
or.kr/2009spring.pdf

Do-Hyeun Kim, KyuTae Lee,
“Management of Reliability and Delivery
for Software Object Material”, Journal of
Software Assessment and
Valuation(JSAV), vol.15, No.2, pp.5l1-57.
Dec. 2019. DOI : https://doi.org/10.29056/
jsav.2019.12.07

Kyu-Tae Lee, Hyun-Chang Lee,
Jang-Geun Ki. “Establishment of the
Subtitle on Materials for Evaluating
Intellectual Ownership“.
(IJSIP)International ~ Journal of  Signal
Processing, Image Processing and Pattern
Recognition. vol.10, No.9, pp.79-88. Sep.,
2017.  https://doi.org/10.14257/1JSIP.2017.10.
9.08

M. M. Swift, B. N. Bershad, and H. M.
Levy. “Improving the Reliability of
Commodity Operating Systems®. ACM
Trans. on Computer Systems. vol.23, No.l,
pp.77-110, Sep., 2003. https://doi.org/
10.1145/945445.945466



20204 129 BRAZEY OB IIES

==X HM162 H2=

[71 M. M. Swiftt M. Annamalai, B. N.
Bershad, and H. M. Levy. “Recovering
Device Drivers”, ACM  Trans. on
Computer Systems.vol.24, No.4, pp.333-360
Nov., 2006. http://u.cs.biv.ac.il/ wiseman/
20s/bugs/swiftl.pdf

[8] M. Rajagopalan, M. A. Hiltunen, T. Jim,
and R. D. Schlichting. “System Call
Monitoring Using Authenticated System
Calls”, IEEE Trans. on Dependable and
Secure Computing, pp.216-229. July 2006.
DOL https://doi.org/10.1109/TDSC.2006.41

[9] T. Naughton, W. Bland, G. Vallee, C.
Engelmann, and S. L. Scott. “Fault
Injection Framework for system Resilience
Evaluation”, Proc. of the Resilience“09.
pp.23-28. June, 2009. https://www.christian
-engelmann.info/publications/naughton09fau
1t.pdf

[10] scootersoftware company, Oct. 10, 2018.
http://www.scootersoftware.com/features.ph
p?zz=features_focused

[11]V.J.  Mooney, DM. Blough. “A
hardware-software  real-time  operating
system framework for SoCs”, IEEE
Design & Test of Computers. vol.19, No.6,
pp.44-51, Nov., 2002. DOL https://doi.org/
10.1109/MDT.2002.1047743

[12] Do-Hyeun Kim, KyuTae Lee,
“Management of Reliability and Delivery
for Software Object Material”, Journal of
Software Assessment and
Valuation(JSAV), vol.15, No.2, pp.5l-57.
Dec. 2019.  http://dx.doi.org/10.29056/jsav.
2019.12.07

S IR R

T3 (Do-Hyeun Kim)

2000.8 A& Ax}Fsra(A R
2004.9~ §4_ A Y A FEgE

AR THAT

A) )
s} ej

A<
.
=1
=

01:1 r‘Z

El

<FPRo> AEQRY, 9
40, we B, YA Sz o

ol 7o (Kyu-Tae Lee)

1991 wele] AAbEera Al

w% FYTFS L AR EN T w5

C
FHAEoR> AE A, VLC, A4 n s,
%hﬂﬂqE A2~ Abgrol Al W gk

- 133 -



