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Interference suppression method of between AMI system and EV
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ABSTRACT . .

In this paper, we proposed Interference suppression method of between AMI system and EV charging system. IEC12139-1
and HomePlug GreenPhy are using 2-30Mhz frequency band in power line communication. Both method while using the
same frequency band, interference occurs in the system of each other. In this paper, we experiment a way to suppress the

interference through the channel separation using a Walsh code.

[ A& response)S 7FsA 3t Alz=®l o] HF Q7 (peak
demand) & #AAA17]3, oluA] Avle} ¥]E AAE FEs)
H AU AdEgon dHARE 2ntE Ig= 7] 918 4 #H=& 7FesHAl gt

[e)
(Smart Grid)7F A AlAle] #AARI o2 w2 A Wil
Ark ~vtE ael=gh @ g A5 A o o}ﬂi IR
719 Aol HRGFA7|ES HEsle] o
o} A MEYAE Agd o
A7} AAZEO.RE A7IAR] PEE AR S TS0 7 A
%

oI A HHs 4 Y A APtk ol

(Advanced Metering
Infrastructure) = , 7k, e 22 o] 7] FE Y
E] A} *}%Jr #E dlolg & ety st AFE-H a2 1, ADEOE|E 7Y
= Al A RA, ~utE agEdXE ~ntEN]E

N
olf
oftt
ki)
)
¢

=L Il:l
£
N

(smart meter) 2 7]9ho 2 Ae B zpel e 2]z} Afo]o] 2235 A1(PLC, Power Line Communication)& 7]l
FF AHugs T Fsb Aol % 28 H(demand ARG 9= A} FAIES Haste] Ruaat st

% B ATE ok 47197 AE B8 et ouA L2 NS AIAE SEAE ARIS] AFATE FAERL (10041779)
_‘,L_c,)_r,Hsl——v xﬂx]—gt;}-—-—sl—_\,} GH|HE A AJAE] AEA (juhyun@kw.ac kr, jinyung@kw.ackr) “EHE W7 ATY
AA}L 20149 29 3%, LR UAL 1 2014 39 5Y, HSANEEUAL - 2014 3Y 6

74



AMIAJARITE MI|RE STAIAR 7] ZHY 2K 71

rir
o
o

o do N Z N

L N AR /\\_]_ e} [} =]
275 2ol WA AR 7)7] 7ke] Balo] w5
gate] $etel R AFAHE P AAPA Lok

sk, gk - FAbol A AldlsE AMI Al Z~Bloll A& o
A ¥ [EC12139-1S A8k a1dr A=A F4ls B4 %
Aoz feste] AMI A4S &8t =), A7)A-s2t
A AR AAEE A5l A7|Absat 247 A%
=91 B}l FHE(typel combo) 4 Wlo] AFEE = a1d
PLCSl & Z2]1 298 9}o](HPGP, home plug greenPHY)
% 2% FHde] wAstE A7 9L

B =7 A= IEC12139-1 A% 9} HPGPAEE Walsh
Codes AHE-3H Al #2218 Bdl 7t IA Jeg B4lst

o woaY sk

—
)
)
o
of

S

o
=
=
ol
B
~
i
L
ML
B

= T35 g wel Yol
AESo) wet, 3ol S (Narrowband)
(Boroadband) 2.2 #7384 glom, FUgLS A
okl A& WdAE3} Home Automation <&
o]- &3t} 2 OFDM 7|&S 4835t A5e

MAdatar FEaF AAMD okl =dsar flo] 2t

o
oo
N
i
>
ot
rlo
>,

I
offt
2
Ul oo 12
o

&4

P A= AE4e 9kHz ~ 450kHz t9-& AH&-3ke]
T kbpsw S SiE AdstH Ao AE B AEE(EA)
SO AL AH|2E AlFshe T]solH, iy HEAEAl
< 17MHz ~ 30MHz S-S ARE-aFo] = Mbpsell A <=
Mbps#2] &4 $=5 7Hs sk st 4, wlolE], e
ol Azo] dE Mulag Algshs 7otk

H
il

DEPED

a9 2 AMIAZ93} A7) 353 S04 28] PLCY

a9 38 B =Foa 183 PLC g 2dS Yepdoh
tolg 2E-LS MZy|oA HMEE 3 Walsh S 53
Adel AuwAe 7HA 3, [FFTE E3) 2+ Fukg il Ao

A 5 2% g7k CP(cyclic prefix) insertionoll A CP7}F
OFDM ®z Azl A9 & &, fAd-opd=z1 W]
(DAC, Digital-to-Analog Convertor)Z £a dz&lHdoz
FHY. A8 AEE oldmIa-txd" wW3ly] (ADC,
Analog-to-Digital Convertor)oll4] txd 23z H3g
%, Equalizerel A noiseZ A A%t H, CP removalll 4] CPE
AASHA ). CP7F AlAE 441 A5 FFTe 55715
Bl ¥ AlsE BdEn BYE 4%= Walsh 5358 &
3 Y= Aol AR Data stream o2 E-A3HA] o)

F2 PLC A'd 29 M. Zimmerman¥} K Dostert”} 7]

- k —g2nf(d/v
(@t afd, - =pnfdfe) o

. - )d
1714, g, weighting factore] 1, e (a+ a.f") =

Lo P - e pae epar,

=M=]
T

‘ CP insertion H IFFT }‘— Eryggldsi:g

Other

DAC/ADC Data device
stream _’

®  ecums a
Py

‘CP removal }'—{ Equalizer H ADC/DAC | Other
I

device
FFT
OFDM Walsh Data
Demodulator Decoding stream
3 3. iy =Y
3. o|=x md

PLC Alz=®loA wolz2E H7MAE 753l colored
background noise, narrow-band noise, synchronous
periodic impulsive noise, asynchronous periodic impulsive
noise, asynchronous aperiodic impulsive noise 7} 1t}

colored background noise, narrow-band noise, 12|l

synchronous periodic impulsive noisex= <& Zo|A 4 &,



ofm
r=
40
0x
40
o
rxz
e
re
4
ton
T
O
A
>
©
rH
>
foi

olg] A7+ Bek M3}l ¢l 5418 7FA| = background
T Ak
impulsive noise, asynchronous aperiodic impulsive noiset
Al Fgolut Al2=gl YIES Lol A on/offel] ©J& =7
(switching transients) W&ol ZA&}Al =™ microsecond
o] Al millisecond &<F WEA] Wt} weba o]e} e
ke

noise® 8 °oFst A9t asynchronous periodic

@

5 WA & n(t) = stationary background Gaussian =
o]z @ola, F WA 3 n,(t)= 92 o=
th HEE = A -OA =HA] JH
< Poisson processE WEH, o] = 913 50|
5 2 749, 9]¢ 33 (noncoherently) .2
Atk olelst 714 3lell wo|z mEle] I W

(PDF, probability density function)& the-3} Zro] Fojzich

[e%e} a 22
m
f.(z)= exp(— —5), 3)
m=0 270, o
_ a4
m — € ml 4)
A7A, me PYE 2~ wo|ze] A SlE Ve, AE
QA 1ol zo) it WAL Qikael Quse] B A
SARbe] oA, QB2 Qlelaet B

2 (3)0lA, o2 =

thes} o] geolgr

m/A+T

T &)

U?n = (O'!Q] + O’?)
s}2}hr] U?iﬂr 07 7H2} background 0129} 9l A~
wo|z¢] 3¢E 7TASY} '+ background =¢]= o] <&

PN

o]z H] (background-to-impulsive ratio, I’ :03/0? )

R,

=
=

4, MMSE algorithm

wo|=E Fol7] 9% MMSE dud&e a3 2t}
_ . 2
Winuse = argmine || Wy —s | I

(6)

o714 |l

A3 AL olgstel e ol

I & Frobenious norm®|t}.

€ {( Whnser—$ )TH}: Oy M

76

4 63 MRRE AF BE YA Tohw v} Pk

Wise = (H"H+ 021" ' HY ®
0}7] 2% noise varianceZ VFERITE
MMSE ¢a2]F2 SNRell uhe 535 385 A

[e]
s

ol

]

AAsIH, 5 Aol TFE= AS WA & 5 ok

5. Walsh code:

T 2Ee Audols 7] wiiel HuAd-s 71X]E walsh
code”} BMtFER AREE Al "tk Walsh code= A2 th2
= gsix= Aol JHE L, 2] ZEgke] S
HAIE A gole Zolo FFEE gho] o= FE=o]
t}. Walsh codeE AFE-SE #9120l A A3 7+ 9] AIAS 9
g d¥E 5717 a3t

Walsh code sequences= Hadamard 3 Zol|4 A& 4= 2l
t}. Hadamard ¥ Hna < s HollA A28t A o=
HES A8Eo =M AAdFT

Hadamard ¥ 4
Hadamard W3H2 th5-3} o] Aojdr).,

2]
ETAS

&)

(10)

n

Hn n
HQn = H F

(11)

=

01

. =2o4dd

H 1. EV Oi2iolH

Parameter Value

Spectrum 2MHz to 30 MHz
Modulation method OFDM

Subcarrier number 1,155

Subcarrier Spacing 24.414 kHz
Supported subcarrier QPSK

modulation formats

Channel model PLC channel model

H 2. AMI Ii2tojg

Parameter Value

Spectrum 2MHz to 30 MHz
Modulation method OFDM

Subcarrier number 1,024

Subcarrier Spacing 97.656 kHz
Supported subcarrier modulation | DBPSK

formats

Channel model PLC channel model
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