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Dimming Control Signal Transmission of Electronic Ballast
on the Power Line and Characteristics Measurement
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Abstract

A power line in not so good in characteristics for communication, because it is a media to transfer
the commercial electrical power, and its load noise and high frequency noise are so much. Thus, a
simple method to transfer a remote control signal on the power line is studied. The already-existing
method is that two signals with upper part eliminated is transmitted every N step. But the method
is investigated which the transmitter sends a period signal eliminated in arbitrary phase. Thus, the
transmission power loss due to elimination of signal can be reduced to the minimum. To implement
it, a timer calculating the time from zero-crossing point to the phase is required. The micro-control-
ler, 87C51, precisely calculates the phase using one of two built-in timers. As a result, a remote
control signal tramsmitter and receiver using a partially eliminated signal, which is better than the
conventional technique using half-eliminated signal in a efficiency of power transmission, is
realized, and its characteristics are analyzed.
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Fig 1. EBT's transmission method of remote control
signals
(a) A complete waveform
(b) Eliminated wave during period N

www.dbpia.co.kr



B/ HAAS o 88 WA P 2R AT Ve BY 27

A7t 37] Nojl Eolo & uf PRy & sht
ol HAZ AT oA A AAE HAT
o= F7] No| 2A =3 Fetg 2 Alojg] A7t
a2 g 9y 22(HY) FFo WgHo

2% 190A EBTARZL A 9kst A4 whiol o3 «
+8 A3 Aot} Hax Aitel lojA HEH e
A A Mzl F7 16.667Tms 2, A= 170V
(V2 X 12008 Z+zt Fhon, §57] WA w37
AEshe kg 022 Frh A (2)91A o(t) & 170sin
(wt)o.2 Em, thgo] EBTALZ} #|oksh w4 ¢
Aax e s gg ALt

a1 83X107 10 .
Vey \/16.667><1cr3 jo 170° sin®(wt)d
=85.74V
170
Sl E |y = e =1.983

=
2 dy AAgozg olRojAY, e AHAl
o] FRE AAE A e gL AT
24 ololx 1 AAg MM o §4e e
g Wy 23(dY) Fo deEch 14 28 &3
A M Az o gtdo] ANER AN A€ 9
Ho|i Qrk 119 2¢] (a)v HE el @HF 1

o %

/N

™\
VAR NV

(a) (b}

™ N
AR < U

8 2. AgHE 94 Aoj4lz A4
(a) ¢35 7Y (b)n/4 AHAl 9 78
() mf2 2HA1E 98 (d) 3n/4 22 € Y
Fig 2. The proposed transmission method of remote
control signals
(a) A complete waveform
(b) Deleted waveform during n/4
(c) Deleted waveform during n/2
{(d) Deleted waveform during 3n/4

g, (b)) &322 /47 A, (¢) & n/2, (d)= 3n/
47hA) AAE B8 S 244 vepdoh AHgR 8
HE o] A A" 99 4714 HEF 9] s}
7} Al A a5 AgHA HA FAYE
A E HA AHE HA s 2 A EA 7
of TH A 2B MIE A dct

HAER A lolA] Ay o] i dY 239
F71%= 16.667ms 2, Hh A= 170VI(/2 X 12002 2
2+ Eton, 0 rad¥-€ n/4, n/2, 3n/4 radian7} x| &
@e g ooz et A (2)o A v(t) = 170sin(wt)
o2 U, Ztzto)] s HEaxie Gug AL
(=3

- [ L russxwn 2 o2
Vy \/;6.667><10’3 j‘o 1707 sin®*(wt)dt

=1174 V(& ATl A n/4 9349 ZE$)

S A | 125 % 107 2 iy
Ief/ \/16.667)( lov{} jO 170 sSin (wt)dt

=11.34 V(¥ Aol A n/2 9732e] Z-%)

/b rwazx07 e oy
Ve \/16.667>< 10-3 jo 170% sin®(wt)dt

=104.3 V(& A7l A 3n/4 4D H$)

170
i 71-8 T =
Bl E |y 174 1.448
170
1% =l =
S| =T = 1.499
- 170
II]’-LL‘{%|3,:/4=’104'.3 =1.628

3.2} ghA{e] vl MOt
ols}t gol & AT A A4 Wy & EBTA %
B AEA7 H A5, sagel lojd A v
18 141490 o 7pgieh, webs A% A&t
3] AAGA gongM AF Yo 48
22 Fd 4 Aok, ¥xohye EBTA HHY
F71 N& 24 a7] sj3lA w8 428 g
AEatnad d4EdE 7152712 e
o] &Aool Ao o Fhe) 9 Wz
& A$she ALE U4 Aoz AFo] g8

b2

&
o

oo 2 o
SLooff o T 2 P

693

www.dbpia.co.kr



EEHE SRt "9 —4 Vol.19 No 4

o] AZ T Z A power ERA AT 2 RE A

I.AMS M5 g ¥ AIAH MAH FHito g ol 41359 zerocrossing A (719 3
o) t))& st o] A|HRE 7R AIHE Bl R
T4l eholf 1475-54 %JEI Aoz o T/ 8- tjl t Al ﬁcﬂl s SCRe| Ea) 4 8 2& <l7bsto}. turn-on
EZ A E o] &3 H-¢ o]E Y 25671 K19 57 H SCR2 o iet=9} 7l Am= 7 & vloloj Ay A=
A st —r(‘l‘%_““’d °] 218t AT E HEE 7] ‘r] t,7b 2 turn-on el E {1 shchrt A ol M duto)
A Ao oF 3BusE UF gy uheba] Bod ol A o] ~7} Z12]H turn-off el 5 BYSH} o224 lcycle
= A FHFA A3, F ALES /4, n/2 3n/4i T ub& A o] Byl
stod & golo) ABE A A Heaha, Al Fade e H-dH 49 Aae A Ae] NE
A o]t 94 A3 HEsle 7‘] sl ok £ FAlel i) MRl regulatori“Ei S
Agdel 4L 2R Folew A¥ My fél del W s ot R Ferea 947 Ao} 4l
23 A HY 7ol A= FEd el Al RS R A]Lﬂulro]g_?s_é- A vlol
o] SCR3} thele - 4 o) °l FELAR Ay Ziag o] AAFC vlolAR T ZAHAE o] Al
o} it} SCR3 t}o] @ = 1= AAwbgko] MR i) I7F HEFs T ARG ) & FA S alg o] 2bA)
oy o} <lated SCRe] turn-on‘il X okt AbE] 9 FR-8] Alqte]l AW 2o AlLtE 2, olZ M

g dAe teloSuol ol wuhy R Bt vlolsizita M A FAHR) 2 AEE AR
"ol SCRE #41vt2 E 7 wxlz e K /] 4l SHY VIR Wl o,
5 wol AE RES A9 A HolA ¥4k ),

°- 4

s B

SCR £¢]*]  p————o

Power: micro-

Transformer processor

2] 3. Falte] Lol A Al g
Fig 3. Block diagram and signal waveform of transmitter

AC ‘E -
120v i

_1%! 4. zero-crossing & 3%

Fig 4. circuit of zero-crossing detector

694
www.dbpia.co.kr



B /AHAE o1 &8 WA AR 2%

NE AET B 24

J8l 5 7

23 Ay
S&- M|
L Zero-crossing Micro-
E-R - Processor
719 B s} 441 45

Fig 5. Block diagram and signal waveform of receiver

L 7

o 527k 19 700 eht Atk sAGe
SOEEECY PER
2 WY 2905 SCR W #E o2 T4 ol

R vlolagzz A 2@ OP-ampe A

g FAHC] vt Ed e £12V

IV. Aj 28l M
FA
AYR, zero-crossing A& H,
EgHAH
Ak, A4
4% 25
+1

12VE &9 3}& regulator 1.C. & 7805, 79058 A

o}, zero-crossing A& H& tholQ =, Rﬂdﬂoli

= 9 %709] Op-amp® FAS o] vk AP Ate

START

u-P Initialize

Key Scan
R1 <- PQ lower nible
R2 <- PO upper nible

TREG1 <- Table(R1)
TREG2 <- Table{R2)
RS <-TREG2

L

AS e ol =g Auitole =g 5V v HF
¥ A E E §F S vwr|E Hxla nlolag
2 AHYE whajol ]l s},

olg Al stEEM g0Hze] 7 a7} AEHE @A
o *17}Eln, nlelaz T A vl 60Hz Hd w9
falling-edgeol A SlE]HE7} AU} vjolmazzg
A e JEHE AJHNE] A7HE Alstele] ofv] ¢
HE dio]gte] o3 Aike groezRE SCRe Ex
A AE A4 Eg) HAe A A A

1) 6L vlelAR TR MM TR Y] FALo]

TIMERO start

TRO <- TREG1

RS <- RS5-1
No
TFO = 1
Yeos
Yes
Pulse generation
No

RETURN

a6 FAV T2 IOY ST
Fig 6. Flowchart of transmitter program

695

www.dbpia.co.kr



VEEE E 9 E A "9 —4 Vol 19 No.4

nig
Te Pouer
iy to Recolver
Line

@ l‘l @
va IV
a1y, |
vge
oL
T4 M.
¢ AN
L AN
&Htl/\w R
M :
e 58
o2 :& y Q H
¢ acser
INTQ
® i
18
ey e
8
1
H
rs
T
~
-
—
O 7. F207 dre
Fig 7. circuit of transmitter
INT
TIMERO Start
Yes
P3.2=1

No

INTV <- Timer reg.

OQutput DSP

RETURN

O3 8 A T2 1Y SAE
Fig 8. Flowchart of receiver program

696
www.dbpia.co.kr



W/ Mg ol 8 WA Y] 2R NE HED BY 3

Tlectronic
Te Tranemitier

"aiiast

e <

AL
Fiid
oze
ANl
1o
o
-

* [ T
IV

SRy
1

My U3 N2
er [ 70.0 o8 _vout smming sut
ra.i OBl _SENSE
xs ro.3 o8  skLKCT
[am} Po.3 203 co
ro.4 ose
T _J— il rols o8%
L2mHz X-tal ra. & o0é
xsc 0.7 o8?
R 1
r2.0 H
hd r3.2/1H10 3
P3l3/INT2 rai3 fahld
R rils
r3.3/11 2.9
rae
rL.O r2.7
,L.1
PL.2 3.7
481 724
L4 "5’
rL.8 X2
rile 10%3. 1
,ilT ax57P3.0

O3 9. FAR H2E
Fig 9. circuit of receiver

o A 29X FoME volazLRAM 2
Huse AF FEAF7) A EAA=EIE AL
g5, AP A e Fe(isolation) & s B
2wyt AUt Edzgri= SCRe AlClE
e 7 Aol 1VEES AE #Atstad 5:19) Hl&
2 #3 AFsglch

Fale Ao Fawa vhbAR 78052 A5k
< zAaPAT $AGHE do EA =¥ G A
g3k o3 A el g AFge AHEF o] tE
ok dole) fael A styo] 5ol e M I
YE Zo) nojazEefAE JEHEI}EEN
dojrt}, vlolazZAME UHPE AYRH
#go] B A KA AN ALt F 7
Hel 2% A58 A gk 19 83 9ol M
Ak X2 P SMES FAlde] sl27t 2hzh e
1 sioh

V.E3 A} R HE

Aol glojA A& 220Ve] L9184 AHP S
2 o]lfalx g setoldaE AYS 120VE ¥
93l E3] SCRY holding current & #%]3t7] $i3l
A paleh A Mol kg WIHNTE AHEEA

g 11E ¥ 59 HAE ¥AE A9 4252 AY
EWALTHE NI RMSE12Ve] &8 stgolt, o
& WxER g AEAT e} T3 1§ 12
& 19 59 HAE %QE Be| AiaFoe|t}, o] 3t
& o] falling-edge - nfo]A2 T Z A9
B E v} Ay gt}

og 13+ A Ay FHArE AE 7 SCRA 43
HzE 7] M MB(TP.C)ola 1y 142 SCRel 9]
& 2+ A s iz E J38(TP.D)S Reoli Utk
a9 152 7 94wz ] FAde] HAE

-

810, 2 Aade] dAx
Fig 10. Picture of implemented system
697

www.dbpia.co.kr




R0 (R EE LI "94—4 Vol.19 No. 4

12-Hav-93
23.53:29

1
10 ns
9.8 v
N B v

a8 N AT EH ¥ 2 (TP.A)
Fig 11. Output of transmitter transformer(TP.A)

13-Nov-33
8:88: 42

18 ns
2.8 v

Tom

T
J8 2. velaz Tz M A HE JHH(TP.B)
Fig 12. microprocessor interrupt stage(TP.B)

13-Nov-43
8:33:40

';a as
<8

,d
=N
=S
.

—

4 4
-t
———
&

TS S

L

S K
L —t—1 :
==

o 1

v f o ey foass
S EASSRLIETR
B \'—%%

]

O3 ¥ xs] 7] W d€ A& 38 (TP.C)
Fig 13. Power line waveform(TP.C)

698

13-Hou-33
B:48:47

13-Nov-33
B:41:34

il

{ |
AL ARV
EEEEEENEEE
| (b
rraal RN
N B A ;
! |

38 1419 gl A skl A M A5 8 (TP.D)
(a) a4l A AFAl g 2 & 93
(b) n/20l M AR5 A5 78
() mfgoll Al 2FAlEl 215 s
Fig 14. Power line waveform of deleted signal during
arbitrary phase{TP.D)
(a) Deleted waveform during n/4
(b) Deleted waveform during =/2
{¢) Deleted waveform during 3r/4

www.dbpia.co.kr



B/ HEAE o8 WA QHYl 2 NE HED KA 24

o

13~-Nov-93
9:19:07 13-Nov-93
e 18:04:07 1
B |';.. /A A A WY R iu
R S DI I N G TP SN I IR 2.ee v
P ¥ £ |
1 I ‘ [
i / \ / \ '2 3 s | l r l FZ
(VRO e | I - ]
{' L
\[ [1 —_—
- S = TN N5 [N (s
;o | — :
i ! B ! ':?:a;’v L [ ] : ( l 4
S R | = L ; L =
. i - \
(a) T
13-Nov-93
g:41:48
o 07l 6. 2 vl F7lghE A2 nE
s.av Fig 16. Synchronized waveforms in each stage
! i
A ]y \ FQUE E9] 415 agelt. 113 16 A4 n/40lA
TN vERE e v 4 aeE el el e
: e Foju}.
| : 1 o
SR | [P
L t ‘ vi.gd &
L] 8
! B g AE 120V AHHS o §3 24 HAy
s ®) BA71S U AKLE A5 YU A
4:42:38 ' & Aotgow, 11 41718 FAVIE FAEAL 1
R | | s4e 248 239 A4, %ﬂ%ﬂl X Ael el
' b R | , NEF AEoE APEE AT 3E YA
. I Agstan, FATA 1 A49E AEehe A 8
T F i T st
! |l\ ! ! I N (t t | ;'\ ‘ 1 A [e) [e] 5 =3 A 3
— — 2 oAz HAMg o &3 B HA Wl s
! [ A [ ?\’ i of Balgajolt TH H2o) 48] g o)y
oo P g e A4 Ae, HEE e S8 &
I olstth. 1 el B Alawle} 2 W gy
I Aol & o= B 71710 FHE % Y F Ae A
Bk i ‘ — gelet 2 & Aok Fo2 ¥ A2Hg 2H A
(c) Hg7Ish ARt 2 54 A7k S oF & A
12 15 FAIT nlelas e M AEYE JH A% o},
(TP.E)
(a) F418 n/4 A A4 € AT 3 2 31 2 8

(b) 4l 8 nf2ol M 2t A5 9%
= 5 ua
 (OFURmAM AR AL AR ppg ggad, HEYE 088 ASK B
Fig 15. microprocessor interrupt input signal in receiver _

(TP.E) 2ol #a A7 FAYI wEA, A7, A9
(a) Received waveform of n/4 phase modulation %, pp.951-962, 1992

(b) Received waveform of =n/2 phase modulation

(¢) Received waveform of 3n/4 phase modulation

www.dbpia.co.kr

699



SEERE 15983 3Gk "94—4 Vol 19 No.4

. Ryuji Kohno, Hideki Imai, Mitsutoshi Hatori,
Subbarayan Pasupathy, “An Adaptive Cancel-
ler of Cochannel Interference for spread-Spec-
trum Multiple- Acess Communication Networks
in a Power Line,” IEEE Fournal on selected
area s in comm., Vol. 8, No. 4, MAY, 1990.

. Kraus M. Doster, “Frequency-hopping spread-
spectrun modulation for digital communication

#F 48 #(Sang Kon Lee)

19673 109 23 4

1992 29 : FH st Az
H(F- &4

1993 2¢9 -~ A S E U

Apgrshat A ApoAd

g Roldofel B4l ¢ o]

FEA, NFolE,

Azt AE e,

A2l L o)

ol

2

700

sl

N

over electrical power lines,” IEEE Journal on
selected areas in comm., Vol. 8, No. 4, MAY,
1990.

4, Marvin J. Fisher, “Power Electronics,” PWS-

KENT, pp.175-178, 1991.
. Intel, *Microcontroller Handbook,” 1984.
71 deltAE “SCR Wiy, ” 1980.
bl “3 Rl &, #-8%, pp.31-35, 1987.

1 ® ¥ (Heung Gyoon Ryu) E#R
19594 7H 108 %

19824F 2H : M &A% B TH#(B.S)

19844F 2H @ A SRS Bl BT T84 (M.S)

19894 24 : Al & A8 KBk B 1 T4% (Ph.D)

19834 1H ~1983% 10H - &EE THEWRR BBHEE

19884 2H ~Ht RAL RS TR B TAF Bhads

¥ ERR.Lr R EETTR, LHE, SRER F$

www.dbpia.co.kr



