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A Study on the DLC Communication by Transmitting

Data in Avoidance of Noises.

Soon-Man Choi, Chang-Ju Noh

Abstract

The distribution line carrier channels normally suffer from time
variable noises, unpredictable variations in impedance and non linear
line loads. Especially, the periodic impulse noises synchronous with
the 60 Hz power frequency are known to affect most in DLC communication
compared to white gaussian noise or non periodic noises. From the
spectral points, impulse noises can be divided into baseband type and
modulation type the noise widths of which are shown to be quite
different each other when are measured at the BPF output of DLC
frequency band.

The impulse noise in the baseband type is typically caused from
thyristor circuit running with low switching speed and the moudulation
type noise from the circuit of switching power supply. 1In this paper,
the properties are analyzed from what base wave the modulation noises

are originated and why the noise width is so wide with this type, and
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how the noises are located within the period of AC power wave.

On the basis of such analysis, this study intends to confirm the
characteristics of noise immunity by transmitting data only in the
power phase period when no modulation type noises exist. For
experiment system, a simplex modem device by BFSK modulation has been
setup and the data format formed such that 4 data bits with 1 stop bit
and 1 start bit are allocated between zero crossing signals. The noise
intervals to be avoided are discriminated by timers triggered
synchronous with zero crossing signal of AC power wave. The
performance of data transmission by avoiding noise intervals has been
evaluated on the demodulated waves at receiver end and also compared to
the case of asynchronouse BFSK transmission.

The results of experiments show that the modulation noises can be
effectively rejected by the proposed transmission method and the 480
bps of data transmission by simple BFSK is acquired in steady condition
even while heavy electric loads such as personal computers and lights

are in normal use.

1. A &

—

BAY wE dolelgAl(Dc)e sEe wAMzE SAMzz a9z
ol &322 FAYS 2o Wxe uge T Y1 B d Aol g
TALE WSl duEAG] A 7He¥ RS2 Home Automation o]i}
A9 AojA2® 9 HApHA2AY Soly Fere He E=dn @& £
AT a8y MEydyuag) Aol 23% 2 Halziyg wyss
FEAE7 HFsEE DIC 9 FANEL T AT 53 ALF A5
718 F713 d¥2geg E=AE Dc BN AP AW HQA Ggge
e Aoz yrhyggt) s,

E¥ IS ArdA AES 285 ong QAN o]lE
THEERE LAHE F2L WAAS YE2ZS EAHAdE WIE sx



T g dgnAel o3 DLC Ealel] Bak oA 63

gon FLAEE FrhHe Fdomz YHE2ggd Wd dize 2
Fagel MEA FAHz: Jdot oHF FeUPozME ¢4 YuHoZ
Abgol Be s Wewae] Hgol meEld 5 oy o #AL
FrAgztel 7438 Hsrh o B oolymt =z FAo
2 As A7 don® et A Se] e YdEAge A EHL
NNZ2 e N2E duHe Feuide Bae A "o

WAATY JUAFLE AH ool RHsm Agzddo 75
et 2 3o gAY FHAeln FYEAH ALE o2 EYR =
HFEo guigol BAE £ gL sololM wd AeHge] YPE g
HAE FALLE WAz o HYFINF Fgol A AHAIMT Az
AFE2 st Fgol dAds AP TPAME Hadgoz sHd
ATl Aol stedlAE FSATe A #42E Aoz JUgEyg

2y 3 Az AAWEI HAN HEE ANFE "AssielE olge
T3 Aol ALHI e Feod HEFHI s 4 Fol
DA 7} FHFol AR AT EHsthE o] HAHojor slmg =

=e2 olHd FHAM F714 dB2FZol A= BEAIY RSE Fol
NEELE SN EE 3 5 ol2 Eso F2aT Hpuao] wiHAM e o
AdolM A8 5 AeA AFE Lo} BIR Tk ol FA o] WA
A% dRFAS TS FIAM AERA TUHFH dole BEEAHL
AR #Asn HFr] dL5HE WA FAeded Houus g
oo 2848 Aoz YeEYEE 3o

2.1 F&9 %7

ddagee 2N Jegus FgAze HFF 4R msyozy
WAEAFA A AeHdel Tr®E d¥AAH Feoye WALl
MAREA HE e AN FSUEFL 20 dB oA BT BEo|ghd
Med FExE e o FAWHA FoA5US 100 kHz 29 A5
Ad7lel FaAA EFFG Yehte FeREL ZHHE AL WYMoz



64 WBlRAEARE Bk WXR BITH

Fig.1 7 Fig.2 & L& F #39 d¥2gygoz Ygyg & =gdAs
olEg HWEA YP2FLH Wz YPARSoE 4L TEIHA FL9
EAL sAslr|z Fo.

Fig.1 Baseband Type Noise after BPF Fig.2 Modulation Type Noise

(X:2ms, Y:0.2V) after BPF(X:2ms, Y:0.2V)
Fig.1 T} Fig.2 oA FHL #Y9 FI|e 2oy FSEF 1 © ¥HEA
A owazgel Hlsl 49 ZA YEUE oH® F7A gEigge

_?__
Z3 Z7] @ Zo pic o HEolagd 2 4F¢e nxA I,

A4A BRI FL AL L9F
Aol ~dEY 4ol os A DLC
E eE FLY FL& v¢ FL 5FHE dehidh
Mz FeRYel FRSVEE By P 293 ZAAN BEZH 90° oA
Fod dgsle A+ Fig.3

Zol UUm DIC tEQ  100kHz |

2ol mlRE  xmolz A

A2 AFAY F Jdoevd WHEA

Fed vsde FIHFREL we o e

ojatH <l ZHew wmrst @t

AA3Z A b
WA G o)

g oml
o

> rlo

iul

L

ACh

[>

o

£ jﬂ

Fig.3 Spectrum Density of
Baseband Impuise Noise



a5 Agurael 2% DLC Falol #d d+ )

2.2.2 x4 Ta

Wz gee =9ada dHddA HEEE Ao oy 29y ddE
watgeo] uel Sebojwinba EHEWA, o Eua, FE e A A
%gaﬂewwﬁawﬂdﬁqﬂ<V1H%%%ﬁ¥lﬁﬂﬂ%*“bl%RW

’\\.,
B
.
o]
o
e
U
1%
&l
)
O
e
E=2
ok
1~
™
[0}
A
Al
10
]

(Ringing Choke Converter) {Yom=
peoAgsles wcnge 2 g J*E— Fuste 78 P0E
qgstA frh 58l o wAaE et A7
v ek Al A8 F ek “ﬂw u} el
~oldog g7lE TAFE el dHHeR ol & B 4g et

sl oA EGel Wew AFdds g mdA gdEgel B
putg sz os FFH= o velz voleE=zHH 1z FTE

3

[SR=]
A o se zARss dadstel FAAgRG Ade Al FodA

grlze med Apmwos s=2o @ Figd = AA SS3EA
= gadda e FAARF ggolsl THAFe HAWGl W

o mAlE vmeatz] slsted W WP E A GErd At
o}

spo wonl 1 wEke e
atom ek 1.7 ns oWz Alas o L ER T} Fig.5 & olaigr B4
qeade wWzd Feuadn A MES el AlA yebd A=
MzEAYee YaFaodnr] A =3 Tt Fig.5 ofird Ha&
Zdxe ZHARAYEN #HEzAd FEAFL M= Fay, SFAAY #
HAZol WolM AHss FAHE VAE Holw olglat Az+H FuAdt
%ﬂ%ﬂi¥ﬂlﬂ1ﬂ%ﬂéﬁﬁ§ﬁ%%fﬁﬁlﬁ%ﬂ%ﬂﬁé%iﬁ%1ﬂ
Bl E s go] et

Fig.4 Pulsuatic Charging Current Fig.5 Pulsuatic Charging Current
and AC Wave (X:5ms, Y:10V) & Modu.Noises(\:5ms, YI:2V, Y2:0.1V)



SRR A RCE B 1T

MEY F5d MzAsE Aot Wiy zHASIY £t
A

)
TIE A% 1 AT ozt B o)A Zaq) MBS 2(1)7 gopzn,

Filw) = "P%%La? cos T12 (1)

A2REY FH5E04E 40 dB/dec b €22 pLc wbgEapes
el FHHFTHY B o s FEIEe Ws o, g(1)zxy
BEe A mapyo] HE w, o e THE /T b Ho) BAZL |7 g6 2
EE FHAR Bygo] = s gaze o 294 Hz o] @Y. zHAs
RS AF gddo sy TGN LHSE TLEANN o) o] &)
oY FAARF Fye =y wzw AOlER 2913 Wany

70 = FL L Fa) « 22 3 Cudl — nay) | (2)

= 7 1[ F(CU)+—F1(CI)+Q)0)-“F[((I)+3(I)0)+ -] (3)

HB)02RE 2AEYYUEN(0) 7 dEdE wge Base e

WA FFAINE A9 Fig.6 3 zolxm ol 7EHI} 29y zua , =
THoE Fus Holg gyt 5oz MEY A9 3338 3899 w2
HEE BAE Jelyo
EEZ'{P O]E—?—E'] "535*3 ;g__%g] Nolu)
THENAL g =490 ™
FAHS Wzy ggo e ; q
it
THE HAZL Figp omny Al /L
200 o BAZE Hog ok 600 Hy
2 YEd.

Fig.6 The Spectrum of Modu. Noise.



By sl og DLC S e i b7

3. Qe %s A5

De amEela  ueus  gese geZe Fsums HAE
~aEdus |4y gEs @A Aok Dle el BPFE B3
qosnst Weel FAFASE cf HAZL b Ay HW AR e
e
o

n(t) = k Zh (wy cos2mk fyt + bisim2rkf b (4)
o
tlolal 26 dAeasy 493 FHAFAHo e 2HEILES DU
A g T Sl %13%9-51 s A zhztel A~ ER &g W Fig7 %
Fig.8 7 wolxi ol2RE trolglAy #imae ~MEfUEE S
L

AzksEoiael Hao o fggHel i A= ae dzme Ed 5
Al behbE gegEs]  FEEe o P

o)l @ HE] Fig. 8 2 Eo] g A o e o A A A 9 Ao o s

A oweel e dud ARG FE wAs FAETA o
S a= gzimael dva elamolel wwn wiwzd P& deld @
Gholelnm ©w7l w00 siael @RI e Fuaidre EAUA
fazals 10 ke HEE 2 ki 2 BES e AV FHSE Fig o)
do whsle] Afp Aojdch  BUe gAzAdA wad $&e dovlv

2R MBo e vael §4e Fig 10 7 #Fow oleuE ArEsYe
powmogel "HuarE gA" Jows ARdMe FEFish 48
saxe] e AETES % 5 QT =5 Fig 10 o AHAME ¢H® Eel
doZol zHMG wRe HAZv BUW 1.7 as o Fog urhin AT

; A8 wael vjRu AW EYel nFaugeor
dolwz sl FubwW e Al os wEoiAE ﬂ%ﬂgg[mrmawag
zAdge olde sWeg®ye amz  gess geby

.

22
O AFE AT} WaEo i =4 A4 thde] gl FAGel 1R EHHE



68 SRR KB Bk B 17

O] N3
I b=2kHz l I fb=2kKz I fbe; 2kHz [[37:1 l

WAL
AN i

=100k Hz 100Kz

Fig.,7 Spectrum of Baseband Type Fig.8 Spectrum of Charging
Noise near 100kHz. Current near 100 kHz.

o n(t)

Fig.9 Calculated Wave of Baseband Fig.10 Calculated Wave of
Noise (BW=2kHz, fo=100kHz) Modu. Noise (BW=2kHz, fo=100kHz)

3.2 Fed w4y

MEEY dEaPge delasvEg 293 gazd gu geusy
A¥E WA gAAEE HAFI] T WM JEdE WY o4y
29 2T AU ¥4 F8d 43e FLFI T gel Juagee
M2 SRHoz AANIA Ik ARANZ « O BE wEzY oo
AFI718 2 A5G4 Fel o8 289 Fig1l 3 2o Uiy
FJZFE DC YHAMY YWAIZE AFAEZA a 9 HAFSq
MEAREe AAAgd dE FEede 9455 XA FAT & 9o
MREY AEe FRFo] FonE FLEN @ Qe qus ZrobA]t
FETY A7 clddolmz Fgeyw 7o) 4R AgzHos o3&
ol slom A dx4s wEzy ¥ Fee FoEP Fouwy 92 ]




e gm Agrdad gk DLC Bl @3k oA
Holl A & Az Aute B4l BAE JERdTh
rolx HdA wHEE Wz Fed 54 HdS B&l 7]
dAlgol Welel HAgx Hoos e ov AFAAed ohEel
Fowaa e EAol REAZ A uehte #dSY wAle] g<lo
wat Wgw &4 ®rd Fig 12 & 370 RCC WLAREES chabd 7]l A E st o
dEHc2 s ey HAs "old AgoeziH UdFH ded g
Zaza2 100 kHz ¢ didaamrlel FabsA ZEARYEE o & of o}
galo] dale geel AFE @AHor FAA Wle 3¢ g Eel
Zohsle ool Yoway §iabe gedal Aol Aol e AR
e} FwEl sl oo maa Hd fRFEHe WEd HE RS i 7|
worol el belia M2 FHE T UL S et
1
| |
| |
! !
Fig 11 [mpulse Amp! i tude Fig 12 woise Waves from Multi Noise
according to Switching Angle Sources (% 5ms, Y1110V, Y2:0 2V)
4. 5 AZA
4.1 AE e 2%
sag mxzAdzsgos U 8@ wrd dgsgsel sS4 2%
3ol A sp A akeh ol WA Agwel Y Yool wAdRs T A

X
deEe vE sgelnz YewHTUE whHoz susiy dolHg

Boazos  Hedelss  geslm dawdel  Agol Thse

-
& -1
-
e
—

oIRGB

;
NS S A S
——

(4



70 WBEAARE R ok %17 8

o2 HsAHok v watd 1, & 1.66 ns BT} Zolop sm HSTFzHo|
HESS W+2 SPHES st A9 A W k& 1, = T/(8k), kip > 2
T F AN dolt. olg EF wE2SE HA K BHE - 1.7 s Q
W4t EY mEq MEZ 1, & FI) T 9 12 S8 o 1.4 15 = oo},

olBF HEZoz ITAHHE ML T Y UL 480 bps o WELTE 2 €
19 HlolEde dolHE AY wFEIng 172 HolEX 4y o
FHoz HYID.  og A TAHY A$¥u= AYRYPe g

Zatdl 7150 olAE 172 Z7e] AYAA MA Low Nibble &
dEeta 3 JLAUEA M FHAE ¢ 957 B4 High Nibble

A ‘
|

[*]

o M MW
2




R Aol o DLC B ek A

[o]
codddely 2ydE WEd #eed g8

24 e Rzl
sAglel Hee AuA yzes @FPe ov AFAAoY thiel
F2RYUS BAC FFA Yol uehiE BEsy BA Hol
e e s Woh Fig 12 & 3706 ReC HAFEHE @Al P Esal
TENES @ gdeld AW wolx AyosfH Asd HUML
F4

FohE 100 kHz 9 dHedmolel FubAA 2EAUL Z¥@ waoln

dedel A4E BAHe s 2440A e A Fe R
SobEE Aeol HeRd Slae gedel AT mAgel wd Feud
aho} T A oo WM WY IHBEE HWI Y e vEE o

]
:-:’_}~<>1| MoMdg FES T LS ER G

i)
£
ol
L
&
o
i

1

!

\

30 130 (TN

Fig 11 [mpulse Amp!l i tude Fig 12 Noise Waves from Multi Neise
according to Switching Angle Sources (X 5ms, Y110V, Y2:0 2\)

AR Brxasagos deud © Wz dumrzgoo Exge 93
3ol shdw mhel Pol Mol Htmgo] diah ggo ANy n T oo
52 5% #HyYgoleg JgEAwde g5 g0 usiyq dole s
Lo H& delshe it 3] 7 Haupale X 8o 7hs & 21t

HETdde T84 dolgbddd g AdsiA dYF7|D nlelEdgio] w42
Aee Bart lon APoME 1 vlolE H4 e 7jBoz 372 3tk o]
B HolgB EVE FgF3tel TEHA 7] 4% HEE 1, = 1, < nT/8 9

64



70 BBl R Ry Sk 1T

zHA0z AsAk & watM 1, & 1.66 ns BT} Folof sm FZFE3o|
HERS w42 FFHEE st F¢ A Wl k € 1w = T/(8+%), ki > 2
T o F XAAM FolFth ol EF TEHE HA Kk U =171 ¥
47 Ho oM HEZ 1, & F7 T 9 12 529 9 1.4 ms 2 @rh

olgg HEX o2 TYHE HELZH YL 480 bps o 4L E ZA €
Aolw HlolEGY Y dHolHE AY WFEIntk 1/2 #oEH uU¥o
Bd&£¥oz BUYAg. og 4% FAFA A4¥des AAAY] A
dmxte]l E7]sHo] doAE 172 =7]9 A|™lM WA Low Nibble &
A g3 duapidzol o3 HaAs F wF7] Ft High Nibble
A$ste 2% F7) H4L HEEE 31 Fig.13 & 43E ALz Y9
4€& e

¢

4

N-N

2 $A%

Fig.14 & $4% 3329 FA4xolm dABAAAY dHolg Wz
z2o@oz HEAFI} fo]F BFSK 4o A& HATE. BFSK AF7} 32
2HEHEEE dolgldlse gEEg BW, vl FASFE f, 250
Foa& fi ol 39 Fig.15 & ZolA 1 HRKNAEZ BW; & BV = f2 - fi
2BW, 7} "t ©lolElAZ o] Y HE BW, & W2AEOoR Az JA A
IRES THo2HEH 1.4 ms 9 HEZE 7|22 3t A WxAAT9
HEEL 714 Hz 2 JeEbE & Aok f, oF 1 & 242 120 kHz 9} 125 kHz &
Ae A% 875HE FANAEL oF 6.4 kHz A L-C SFHUEHS BPF &
o] &3ta] olo] T YHZFo] HE A=A Q Ftol 2RHATH

F714% YA EE FAER2E T A dgdyeo=xRy A5
373 FdAAANZTE d& F A 0P P 0% w|wy=E F3 Fig.16 7
2 F¥ES Hyger JEun AHE  Guza JHYE Ao
HolER o] dHolEe &9 4HES A9 4HEER UHo £xFHo=
FEAsEY. duzx JHPEANZE 4 Eolg T0 8 EAHAIN T A3t
T0 ¥ 2x8oz TAHE EHold QAHYE Aze ALAG Hdx dxE
Adte 7|EANHL2 olgEHD FAd AFLFU Y 1/12 o #HPEeE U8
HolBH EZL njl Elo]v T JEHE Az dAo] o4& Mz gSo| AL},

o i
[ r ro

+

ol



des AEael 2g DLC E e ek ol

pad

dezygde zzaduwdoz PSS Fig 17 9o Z29xEY e
HHor NEZ AP aZF o AvolaFas s nod dAdg )
212 120 kHz = 125 kHz 2 43 F 28] Fig 18 & 8254 ZHE g
BFSK Az 7 WMME AH AYE FHDAAM Aoz Wiy Ao
ot & o| r}

l

SIOf ST S10p 1t .
LIS B e P
! i b At
: o
| i | :
‘ P
i I
| ; : i
: ! i / | | ¥ i
Fotrssmctm = e mc D R e - «T-- -T-——— 3 ~;:‘ i e e I~
. . | ! Iogei @b s
i B A SOSEND
—— -4
Fig. 13 Data rorpat Fig 4 Block Diagram oi Transmitter
!
i
- .
;
;’ T _‘,
s < - £
i ] /i
i i L ; i : PR ,,,.,./L’_ : T - o
i 1 T W W
o] ; N ' : L ~ .
1y T - :
B! Foa t -

Fig. 16 lLead Lag Sync ¥%aves and AC

Fig.15 Spectrum of BFSK Wave .
16 pectrum o ¢ Power Wave. (X:5ms,Y:5V)

Fig.18 FSK Modulated Wave after

R . ; Dy
Fig. 17 Flow Chart (Transmit) BPF (X:2us.Y:2V)



72 BB B OO B L1TE

Fig.19 = A5 329

=D o i bl 8 FHzelth,  BFSK A4z

E X 4046 PLL IC 7} ol &EHIx
S B e B3N 443 sz

_XsmF__)xsa.. PROCESSOR ) N
iR CIR INT1 ] T B]ED}%Q‘] Zﬂ’é?} .&oi%% OC]_%. T
T b
A PLL A AR EAHE AT
Fig.19 Block Diagram of Receiver BPF & $A41%9 FdS L-C FF

g2 Hol J31 FHEHUIE
cMOS WM& T8l %9 ¥ PLL BX3=29] d¥og LAY, Fig. 20 &
HyZEddAe HYE YEedo HERH Hasd Frilze
FARANMG vAVIARE HAAG HYyo2RE HE duxl FYFFAI
o3ln] FE Juadse SHHSEZ JAHPYEAZE HOHE TFAA
FEAFTE EEFED FA0 HERRFAIZIE H3HA @oh. 4046 1IC &
8 HxdE HEAR¥EE HuIdEE AF TIL 232 HEE F
T2 A o HLF7] 125 E6T AEHEH = AALHIE BFHEA
HEWL 9 dHolgz ¢3xm olzigdt #PFL Fig.2l 9 ZE=94 ZL
2P WHAog olFoAt. =EF Z A A E HlOE G2 dHolelztol
Zold dirit; RS232 QE|HoOl2E FA 1200 bps 9o HEFEEEZE
H2dHFeol dHoletg H4$dA Hun dZFE H2GHFHAME HE9
2P os] 8250 SART IC & FHF AA23ld AgddogHE
golEoln] FAvolete] BAARE AT F WFH &S AL AAe
ZUHd EAED. (5] GEmes) =i

Fig.20 Amplified Wave before Demod. . .
Circuit (X:2us,Y:2V) Fig.21 Flow Chart (Receiving)




Fig.22 = MR8t A1 Fgol Asta g& Auodr Aguole 35h
Fig.23 2 ol H3 ZHM =2xd o=

o Fig23 o ol e

Fig.22 Denmod.¥ave & AC Wave(35h) Fig.23 Demod. Wave (35h) in High
in Low Noise Condition(X:5ms, Y:5V) Noise Condition (X:2ms,Y:5V)

Fig.24 £ dolgl o0oh 9 we =8

ol w3 Fig.26 £ #L3y
¥4 %\_ Hol A OI O}—L/] H] % ,7} CE}_‘,_ ZJ _/,): HO} /_\l 9‘] 7(33

S J SE $2 woHE Asd ge
Fezasn deAdad 23 Aeldh Fig s o uEs] demgqo

LEHlE gl A EMEY 2 | v Edoly dlolel B2 e gulEoln 200 bps

o EE5Y woln o Wy ool it x|

A EaFer A uvEdy dn geld Wy 2adsdag

Aolep& ol s Hoivt 2o wyew dolg 350 ¥ o gy

WEAY We) Bralge Fig 26 v @ouw Fig. 27 & %7 A2xd49

AyE dehdsl ol diolElgtel ] A e ARE gy & g
e olgp A ZHE FaZodMe] Ao g2

Q)
Al HREE T 2 FE obrel Ao 00000 ol&s Gwa @b

53 Fele 0.5 ool slof A= oA dHolgBE



74 BRI KEE BOUE B 1T 8

e BT

Agosne ¥ FEUAL 480 bps VESEFAA  HolEe
MEREZ 4ol BANK @1 549 BANHE ¥ B ohuz
=3 Fgol Hay 4¥ 23 ANAE dHolu AEe e IAYL
dJehlie o] FRE uEs] A&dE A & UEE Ho: Ao=

Fig.24 Demod.Wave (00h) by Noise Fig.25 Demodulated Wave (00h) by
Avoid Transmission(X:2ms, Y:5V) Asynch., Transmission (X:5ms, Y:2V)

Fig.26 Demod. Wave (35h) by Noise Fig.27 Demodulated Wave (35h) by
Avoiding Transmission (X:2ms,Y:5V) Asynch. Transmission (X:5ms, Y:2V)

6. 4 &

~AEYEHS EQE wWAATY F77 ggx
mel =34 A& 29AN2AN  HEHE 8
Ao vEHe W2y Fe9 F F¥SE 72Y 4+ ANeH oE
A2 & 74 FedAd QAR Fesly 13

A4HUT A5APol Balz 23 the B Ao 29 .
D MEEd gge AMEFUEE olWHol WEA FEe A9FH5E

o
3
5
o

FTAFAFE e 600 Hz Ao FUAY FLoe=z Jehuy
Ao As 5% oAU gL sl Ye Yebdh
2) deodgr] EFgodA velde dHzAgdn vdzy ZLe JLE zoe




2o glu] AgurAlel o)gk DLC B Alel 33k gt v
oo A A¥E"EYL] HY4oRHEEH UE X

3) x4 Fgol ¢
A Holn ahabM GatolMel Wz 3
w0 oolazkel AS 4 Hdael® JEbdT

O ge ww Mayuael wWxgd Fgol dE AAEHL e drd AU
of 2 glow HEy Az WAl wla S Awael sjiol
grol gt

5) AWy Hpimgede Za BFSK Fe ol dEyEwae dd¥ s
Foo] waslE zHoiME 480 bps 9 HOJERHFC

6) WE amzatalsd o3 2% F7|AZ el AHeom slEwy 7]
o
=

ox
ﬂ
H1
)
~d
o=
e
M

Ir
b
o
-
2
o>

o

A3 5§

Az N

1} J B .0 Neal Jr . “The Residential Power Circuit as a Communication
Medium, ” 1EEF trans. for consumer elect. vol CE-32. pp.567-577, 1986
27 Roger M, Vines, H.Jeel Trussel, Kenneth C.Shuey and J.B 0'Neal JR.

“lwpedance of the Residential Power Distribution Circuit,” IEEE
transactions on electromagnetic compat Vol EMC-27, pp.6-12, 1985
3) Robert A, Piety, Intrabuilding data transmission using power line
wiring, "~ Hewlett Packard Journal, May, 1987
4) R.M. Vines, K... Trussel}, L.Gale, and J.B. O0'Neal, Jr. . "Noise on
Residential Power Distribution Circuits”, IEEE Trans. Electromagnet.
Compat. . Val. EMC-26, No.4, pl61-168, November 1984.
H.J Trussell and J.D.%ang “The effect of Hard Limiters on Signal

(@2

Detection in Harmonic Noise Using Adaptive Noise Cancellation”, IEEE
Trans. Power Delivery, Vol.PWRD-1, No |, Jan 1986.

6) Peter K. Van Der Gracht and Rovert W  Donalson, 'Pseudonoise
Signalling for Power Line Carrier Applications”, IEEE Trans. on Power

Delivery, Vol. PWRD-1, No.1l, January 1986,



& )Collection |



