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AC Power Line communication systems
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Mr.Anusorn Kunpermtaweerat 1D.48015279
Assist.Prof.Prapakom Suwanna Advisor

Education year 2007

Abstract

This project presents a design and study in sending data pass through the AC power line
for communication between transmitter and receiver devices in residence. The data that use are
the stereo sound signals and transfer to AC power line by FM modulation at radicfrequency range
23.5 MHz - 24.7-MHz'in 7 channels. The channels of transmitter and receiver-are all controlled
by Microcontroller devices with simplex communication. The receiver-device uses a principle
like a common FM Stereo Multiplex Radio. It consists-of RF amplifier, Mixer, Local Oscillator
and FM multiplex stereo demodulator. ‘At transmitter . part’ that uses stereo multiplex signal
encoder circuits for build data signal. Thereafter then modulate it with carrier signal and the last,

this radiofrequency will'be increased by power amplifier circuit again‘before transfer to 1 Phase

AC power line.
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4.5.1 %dPNI3VBINS Multiplexing
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#v04 TY51nUFMTU Control Register 11ouA1 Din , ENB , CLK 910 Timing

Diagram ﬁazﬂ

NOTE: ENB must be high di¥ing the seria! lransfer,

Programming Format for Controf Register (3-Pin Interfacing Scheme}
31]‘71 5.3-Timing Diagram 49983 Control Register
A3 151N 5@ W3 Transmit and Receive Counters (113 N) 181 Din , ENB

CLK %17 Timing Diagram ﬁd;ﬂ

16-B17 Tx COUNTER 16-31T Rx SCOUNTER
D DIVIDE RATIO DIVIDE RATIO
‘ I ’ ; st
ax CLOCK
%5 £

. fin

NOTE: ENB must be iow Suring the seral transier.

Programming Format for Transmit and Receive Counters
{3-Pin Interfacing Scheme)

gﬂﬁ 5.4 Timing Diagram 29387U Transmit and Receive Counters (13 N)

SRS N 169 Rx Wanya 7 i1 (7 channel) il
N =128 =0000000010000000
N=130 =0000000010000010
N =132 =0000000010000100
N =134 =0000000010000110
N =136 =0000000010001000
N =138 =0000000010001010
N =140 =0000000010001100
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4@ T sunsu Iaunsisa1 Channel MInARE AT 18R MIAIS19d A AT

nosa P13 Wumidon Tnuan1s 193 EH 313 “17 =Test Mode LBE “0” =Normal Application
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0 } 0 Foe7i3 132
0 1 1 o7 4 134
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1 i ] ¥ouT 7 140

#1va 1U/5un 31113 Reference Frequency Counter (1135 R) 1loUfA1 Din, ENB ,

CLK 910 Timing Diagram tiaziaon 1% RegisterAszil

OREREGITR Y 0

« KOTE: END o5k be high vy he Serdaitandecs

‘Ratoiaivcg Fidduaicy C ouigiiSalocnoh Piggiaruring Mods.

zﬂﬁ 5.5 Timing Diagram Y6494 Reference Frequency Counter (W13 R)
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12-BIT PROGRAMMABLE B
I‘ CSCa REFERENCE COUNTER @
C
LJ g Rl
! }-BIT PROGRAMMABLE g/
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3U#1'5.6 naasnindonld Register nulu 1C MC145162
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R =100
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Han1InATaL Iodpdyiniin 0SC, Y93 MC145162 (¥18) hAwa £, Ri(11 9) udhld
wosa P13 Haatz “1I"MpiRon Inuanageu udinaqeiuin RxPS/, (11 11) 14

manuaAUaIe NN owd I v aaea1 Nt lalsunsu 1 A 114

m3197 5.2 uaemau i taanms Isunsuadongy

Yosdeyay el s N aamiaiTaldoih TAPS/L, Hie RxPSA,
1 128 78.125 KHz (10MHz/128)
2 130 76.923 KHz (10MHz/130)
3 132 75.757 KHz (10MHz/132)
4 134 74.627 KHz (10MHz/134)
5 136 73.529 KHz (10MHz/136)
6 138 72.464 KHz (10MHz/138)
7 140 71.428 KHz (10MHz/140)




40

5.1.2 nINAaesINaIUYDY Voltage Control Oscillator (VCO)
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as 3 1 'l 4 a P ]
wﬂamﬂauusaﬂum;m 0-17a% 4 5 Tran Tauharfing 0.25 Taav Adwmia v,

)
=K d

from Rx PLL LPF mﬂumﬂmmmnnmtmm f,, to Rx PLL MIXER Or Rx PLL Vlllﬂﬁ‘uﬂl

a1 1wadamsad 5.3



41

M3 5.3 uarmsmsnlasulasveannudeninnidions sdudunan)aouuas

1599 (Volts) AMA (MHz)
0 12.094
0.25 12.495
0.5 12.791
0.75 13.020
1.00 13.
1.25 385
1.50 METR 7, SN
1.7 )

(7

e
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3.75 14.363
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14.535
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1
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1 2
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§ {1191

3
V (Vots)
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5 6
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nansiiluenarsnanulidmsumsldanuienisfinwwingu lueygalmhlulduselevsisunism

lidnsdilagiadu dnvivnuiilvidaulasient wagdasdnadadadvesenaisynasaninisialuly
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5.1.3 N1590NUUYD Low Pass Filter

-] . 4 o
Phase Detector vouWaaeng 92@vaii1a93s Low Pass Filter iWo 11 195 9Au
Iassuduusadulu msnauguanud ludiuwes veo Iiuaannudeonu ldmasiy
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Frompp Rl To VCO

qUft 5.99997 Lowpass Filter
R1=68kQ)
R2-87KQ
Cl1=0.1'yF
C2=0.022 uF

5.1.4 AAMINAENIA Demultiplexer iazn1A3uIae3 INIHUA

- o’: s [} o
29957114 1M 13N Aa009A Demultiplexer 1HIT1A9936 7061914 Data Sheet 483 1C (w03

LA3361 Aagy -

0,47 uF [ Input level is baiow 250mv

1uF... ... Input level Is over 250mV
19KHz Check
(Or 10k VR 6.8k}
SR 9.1k E:TU 1%
Wit B "
= 1000p cel rl M
b} 5 114 13 |12 11419
100pF  polyester Sync.det,
1po ‘ vCo [Phasecompa 1 ¥ W
capaditor rator
0047u = FF 1/2 FF 12 FE
{ Lam 9
l L—l tn'gg:r Stareo ?auto) 1 V8 < 0.7 or opened.
' Forced mono : 0.7 < V8 < 2.1V.
IReguIator rl‘)f—— Demodulator VCO stop: 2.1V < V@
—>— —
1 2 3 4 5 8 87
620p i 4.7y E

7U#1 5.102993@ 38813 Iums 10 1C 1we s LA3361
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Input Lor R
=

Qutput
—O0
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5.2 NPANILNAZTI1IMAR

5.2.1 MINAABIAIUYDY Voltage Control Oscillator (VCO)

+5V

10K
M-

2uFH0.14F N
I 7
K6
IuF 2pF 1 n:"Z 820nH
Vmod (T>—) MPSHIO ' J_ i
.
68pF 82pF & !}
Mv2109 E : T i § ZLms0QnoR
= A
#20nH A7, i

100pF =—= H
47pF 27K 1 4
W \T : o
6K8
Freq. Con. Voltage MV2109 i I

10OnF+1nF

finPLL
U 5.19 239514 1UUD4 Voltage Contralled Oscillator N119MARDS

o — ) ¢ A a ¢d o '
naavedlenussiuacia 0 Tan a5 Taad lasmivias 0.25 1aay 1AM Freq.

¥ [ 3R] 1 ]
Con. Voltage 511U IRMAIMANR NI £, to Tx PLL Miseaumaiea lananinisian 5.4

= - = 3 4 [ o
#15199 5.4 Leregnsidaouilasresanuennmiions Wwuduwafouutlag

USIRU (Voltsy |  A9IME (MHz) U39IA1 (Volts) Al (MHz)

0 23,091 275 24.494
0.25 23,286 3.00 24.562
0.5 23477 3.25 24.628
0.75 23.664 3.50 24.691
1.00 23.815 3.75 24,750
1.25 23.944 4.00 24.808
1.50 24.061 4.25 24.863
1.75 24.163 4.50 24.923
2.00 24.248 4.75 24.990
2.25 24.334 5.00 25.120
2.50 24.414
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1 4
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!

{lou Control Register Data

'

1103 Transmiu and Receive Data Counter (M13 N)

h 4

feu Reference Frequency Dawm-Counter (M3 R)

s ol

31715.22 a3 Flowehart 984 Talsiinsulu MCs-51

S N 109 Tx HaHua, 790 (7 channel) S
N =470, =0000000111010110
N = 474 = 0000000711011010
N <478, =0000000111014710
N'='482 400000001 11100010
N =486=0000000111100110
N =490 =0000000111101010
N =494 =0000000111101110

3 g ] = a o 1 e 1 = C
1A2%1m15 TUsunsu 1aon15isAA1 Channel 9InANEINY "lﬂmmmsnmumﬂ‘m

o of - ] v
wose P13 1lumsidon TMuAN1H19 14521319 “17 =Test Mode 1ag “0” =Normal Application
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A1519% 5.5 Laaan1s IsunIuAIMIS N 1InawaIng

aindidenyesdynn . .
¥OINY YU AN N
P1.0 Pl.1 P12

0 0 0 $947 1 470
0 0 1 $0971 2 474
0 1 0 $o 3 478
0 1 1 $o17-4 482
1 0 0 $937 5 486
1 0 1 589716 490
1 1 0 Fof 7 494
1 1 1 $097 7 494

drurnallsunsldmY Reference Frequency Counter {M13R) 1191#1 Din ,ENB,

CLK 910 Timing Diagram La£idon 14 Registerd 131/

AEF FREDUENGY
Rty W 5 RESERTALE REFEREICE PEFEASHCE: '
\ FREQUENCY FREDVERCY FREQUEICTY AADILARY REFERENCT
\ SELELT CORTER SELECT FREQUENCTY COMITTER:
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i ' L.C“r STLELH A X R T . ata
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NOTE. BRD condt 2 hagdh dioriogy i vérisd amnsdion

Refercnco Freyuancy Counter/Selection Programming Mode

gﬂﬁ 5.23 Timing Diagram YDIHIU Reference Frequency Counter (115 R)
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SELECT

JUN5.22 uaman1sidenld Register nielu IC MC145162

1n Elﬁ Din =01100000110010000100000601 100100
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R =200
Fref =50 KHz
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vnldiwesa P13 Tan1z 1~ edon Inuamacey ud inaymnadin TxPst,, @1 13) 14

¥ A 1 ow 1 d'd' 9 0 1 4' Y o
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i ' { = 3
A191497 5.6 uandn I INHN 1 inms lsunsuiadangil

CERL AT M N AN IR0 TAPS/E, Wie RxPS/T,,
I 470 21:276 KHz (10MHz/470)
2 474 21.097 KHz (10MHz/474)
3 478 20.920 KHz (10MHz/478)
4 482 20.746 KHz (10MHz/482)
5 486 20.576 KHz (10MHz/486)
6 490 20.408 KHz (10MHz/490)
7 494 20.242 KHz (10MHz/494)
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5.2.3 MI98nlUL Low Pass Filter

o = 4 [
Phase Detector vauvariongl 9240432993 Low Pass Filter W 1# 1dussdu
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E‘ljﬁ 5.25 7997 Lowpass Filter
R1=680K()
rR2=3.9k0)
C1=33 uF
C2=0.33 uF

5.2.4 MIvRMLTITa31aiyRIN Stereo Multiplex

4w y a4 e o e 9 oy y o
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#A3unH1 Subcarrier 92 Idd e LR iminAad1edayam L+R Mdudaygia Mono tiod
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snsousndeyanudisdounzen IdTdosdadaen 19 KHz AiSond deyaa Pilot 591
Tfudana L+R uag L-R 490 ”lué’mﬂ?fauvmﬁ’tyapmﬁywm 100% 9sz1lsznsudIL

Fyaou L+R 45% doyayiau L-R 45% tazdayayisd Pilot 10%
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5.2.5 NI9BNiL Isolate Transformer
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5.2.6 HAMINARDIIHTIUVBINAR

os

nagoumshnuvesnsssadedyana LR Taomstloudyanagianed

U

as

{ .a é i3 s i i
AUA 2 KHz 11419 200 mVp-p ifiounndsladranils uazdimsiadyanaini 4 ve

o
IC 11193 74HC4053
TokStop | 3= : |
f : : : [ : ; 3
Chi Freq
2.004kHz
ch1 Pk-Pk
200mv
i
ch | BT A M 2005] A Ch1 7-55.0mV
i4'Feb 2008

i3+¥(0.00000 s i6:13:46

Chi Freq
; ’ 38.01kHz
1

s L Ch1 Pk—Pk
. 426mv

@ Toomve T TMLIG0NS] AL Ch1 7 222mV]
14 Feb 2008
@+~ [0.00000°5 16:17:16

] ]
s

7171528 Fyapraiiiniivn 4 ve4 IC was 74HC4053

[ ]

91317527 awiitulddidye1uezgn Sampling Arudwyn et Subcarrier 38 KHz

ooy a
L

1 a oy & vy 2 gy o o o ! @ s
sonmdmdndan il lilinstloudyanaiddnldannanadusznie fyanaaion 2

O o a3 )

KHz A1 1dunss



56

5.3 agduamaiiauuesises

) ¥
donaanamsiinuvesrsnimnsutazmadaludesndedszinm 5*7 was Iasvi
msfleudygaudsinnnioadu mp3 i sveinnduiedimsuegaauazdioen
] ) ¥ o
Fame Tty TauFeumetlsundudsundumuaniives smiudimsideuddnvesans
o YA Y A A v - Y, fom y 4 ¥ A o
masudidudouidundandsdios Tasvaziuneluted 1dims 1dmso 14 IW#w A Wa
o [ o ) [} A w =Y P
audou 1 A7 vasaysasmduaiiuIg 8 aoa uaznaAaoRed Inunesuudvanesn
= 1 ) et ar = 9 ar lTed oA
MANITVUTES MalsngIneesesainu 14a naziuiadoanwas lddaeu uatiides
“ s a ) T Ry [ =, 4 9 ]
AudgeRsesmNsunIUdndaa Menauilelns [ unawanesneludes watsing
=S @ 1 I = 9 ar 3 -2 Y1
Tidvesuniuasuinauimny Tiensasuiudvswad s dsiuieansoagl1a 1ees

(Y

o et = Pl a d "
mmmmam"lm‘lui.’fm’;:m"lmmﬁl“m1uﬂﬂnw1m.ﬂ3ﬂgﬂ'lﬂﬂﬂﬂﬂ



w A Y a
HUdaoao 1394

wet. UJs£nIns I35z, “High Frequency Communication ™, MAIYIIAINTTY
Sidamsoilnd nuzdminssusand donfumalulainszeeundudrgunmis
MANTZ

WAL, 452NN Y2550, “Electronics Engineering 27, MATIRINS TSR LN
aadrmnssumans aonfumaluladwszrounduigunmsaiansels

a a

Hel. 73, AamnTEEansnany, “nanms IWihdears”, auzinanssumans

PNAINS BTN AL N.A:2546



MARNUIN

Tsunsundsuliny Tulasneulnsanos

.....................................................................

piitiie: Serial data transfer between AT89C2051 with MCl45162;;:::;::::;
RN A N A R R A A I R S S I I I S I O I A I S I A B O -
DATAIN EQU P3.1 ;Port 3.1 connected to Din
CLOCK EQU P3.2 ;Port 3.2 connected to CLK
ENABLE EQU P3.0 ;Port 3.0 connected to Enable
DIN EQU TFH
LOOP EQU TEH
TX1 EQU 7DH sMSB of Tx Counter DATA
TX2 EQU TCH ;LSB of Tx Counter DATA
RX1 EQU 7BH ;MSB of Rx Counter DATA
RX2 EQU TAH ;/LSB of Rx Counter DATA
REGCON EQU 79H ;Address- of Register Control DATA
CHIN EQU 78H ;ABddress of Input DATA
TEMP EQU 774
ORG 00004
MOV RO, #50H /MSB of/Reference Frequency Counter DATA
MOV R1, #64H
MOV RZ2, #40H
MOV R3,#0CBH. ;LSB of Reference Frequency Counter DATA
ACALL DELAY
MOV A, #00H
MOV P3,A ;Clear port 3
MOV CHIN, #07FH
START: MOV A, Pl ;Read port 1 (Input)
MOV TEMP, A
CJINE A,CHIN, CHKMODE _ ;Check again of DATA
AJMP START
CHKMODE: = MOV A, TEMF iCheck Test mode or Normal Application
MOV CHIN,A
ANL A; #08H
CJINE A,#00H, TESTMODE
ACALL NORMAL
AJMP CHKCHO
TESTMODE: ACALL TEST
HE R I I B I I B B SHE A R 5B SRR B B I S S I S
Srttit st etsrarttsy Check Channel of Userxr i iiiieriiiiritiiisiis
AR R R R R R R R R R R R R NN R A RN R A A R A R S A I S S B
CHKCHO ¢ MOV A,CHIN
ANL A, 4#07H
CJINE A, #00H, CHKCH]
ACALL CHO
AJMP TRANFER
CHKCH1: MOV A,CHIN
ANL A, $07H
CJNE A, #01H, CHKCHZ
ACALL CH1
AJMP TRANFER
CHKCHZ: MOV A,CHIN
ANL A, #07H
CJINE A, #02H, CHKCH3



CHKCH3:

CHKCH4 :

CHKCHbS:

CHKCHG6:

CHKCH7:

ACALL
AJMP
MOV
ANL
CJINE
DACALL
AJMP
MoV
ANL
CJINE
ACALL
AJMP
MOV
ANL
CJNE
ACALL
AJMP
MOV
ANL
CJINE
RACALL
AJMP
MOV
ANL
CJINE
ACALL
AJMP

...................

CH2

TRANFER
A,CHIN

A, #07H

A, #03H,CHKCH4
CH3

TRANFER

A, CHIN
A,#07H

A, #04H,CHKCHS
CH4

TRANFER
A,CHIN

A, #07H

A, #05H,CHKCH®6
CHS

TRANFER
A;CHIN

A, #07H

A, #06H, CHKCHY
CH&

TRANFER

A, CHIN

A, #O07H

A, #07H, START
CH6

TRANFER

..............................

----------------

CH1:

CH2:

CH3:

MOV
MOV
MoV
MOV
RET
MoV
MOV
MOV
MOV
RET
MOV
MOV
MOV

....................

....................................

rr.r
;7 ## -1 Channel DATA
2

e e e
rrre bty bl rrrry

TX1,#01H
TX2, #0D6H
RX1, #00H
RX2, #80H

TX1, #01H
TX2, #0DAH
RX1, #00H
RX2, #8281

TX1,#01H
TX2, #0DEH
RX2, #8441

TX1,#01H

TX2, #0E2H
RX1, #00H

................

.......................

.................



MOV RX2, #86H
RET
CH4: MOV TX1,#01H
MOV TX2,#0E6H
MOV RX1,#00H
MOV RX2, #88H
RET
CHb5: MOV TX1,#01H
MOV TX2,40EAH
MOV RX1,#00H
MOV RX2,#8AH
RET
CH6: MOV TX1,#01H
MoV TX2,4#0EEHR
MoV RX1,#00H
MoV RX2, #8CH
RET
PRI RN I RN R IR r RSk
i2iiiiiiiissiiais Transfer all DATRA to MC145162 iiiiiiiiiisiiisiiiii
IR e S SR S A SR S S R R R s SN N R N N N R R
TRANFER: MOV A, REGCON ;Load Register- Control DATA
: MOV DIN;A
SETB ENABL JEnable is set before transfer DATA
ACALL SEND ;Send Register control DATA
CLR ENABL ;Enable is clear Later Transfer
MOV A, TX1 ;Load Upper Byte of Tx Counter DATA
MoV DIN,&
ACALL SEND ;Send Upper Byte of Tx Counter DATA
MOV A,TX2 ;Load Lower Byte of Tx Counter DATA
MOV DIN,2
ACALL SEND ;Send Lower Byte of Tx Counter DATA
MOV A, RX1 ;Load Upper Byte of Rx Counter DATA
MOV DIN,A
ACALL SEND ;Send Upper Byte of Rx, Counter DATA
MOV A,RX2 ;Load Lower Byte 'of Rx Counter DATA
MoV DIN,A
ACALL SEND #Send-Lowexr Byte of Rx/ Counter DATA
SETB ENABLE tEnable-is set
CLR ENABLE
MOV A, RO ;Load*Ref. Freqg, Counter/Select Program
MoV DIN,A
SETB ENABLE
ACALL SEND
MOV A,RIL
MOV DIN,A
ACALL SEND
MOV A,R2
MOV DIN,A
ACALL SEND
MOV A,R3
MoV DIN,A
ACALL SEND
CLR ENABLE iEnable is clear
AJMP START ;Go to Begin



c e s .
LR N S A A A A A A i

Send data

IID‘I!IIII'IIIIIIIIIIIII

............

rrrrrrrrzrrr

MOV
CLR
MOV
RLC
Jc
CLR
AJMP
SETB
SETB
CLR
DJINZ

SEND:

AGAIN:

SETDATA:
CLK:

rrrrrrrrrrrr s

DELAY: MOV
NEXT1: MOV
NEXTZ2: DEC

CJINE

DEC

CJINE

RET
END

iFiiig
by
;i
Loop, #0
C
A,DIN
A
SETDATA
DATAIN
CLK
DATAIN
CLOCK
CLOCK
LCOP, AGAIN

8H

R4,#7FH
R5400H

R5

R5, #00H, NEXT2
R4

R4, $00HNEXT1

..

Serial DATA Transfer

[N

.....

P} . s e v e sn
HER R S A S - IS O B O A R B S

----------------------

rFrrrrrerrrrrrrrttrrergry

-----------------------

----------

......................
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