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Abstract 

The problems of global warming and energy crisis have now received much attention from the 

public. One way to ease them is to reduce energy consumption. In buildings and houses, energy savings 

can be obtained by reducing unnecessary uses of light, especially from fluorescent lamps. 

This research project aims at developing an electronic ballast that can dim a fluorescent lamp using a 

DALI bus with DALI protocol standard. Up to 64 ballasts can be connected on a 2 wire DALI bus 

controlled by a DALI master unit. The basic components within the developed electronic ballast are a 

ballast controller chip, a half bridge fluorescent driver, a DALI microcontroller, a power factor controller 

and a DALI optical interface. Comparing with a typical magnetic ballast, this ballast is much more energy 

efficient, achieve closed to unity power factor and capable of 1-100% dimming. The DALI master unit, 

besides a DALI microcontroller and a DALI optical interface, has an LCD display, light sensors and a 

Zigbee RF module. By sensing the ambient light intensity, the DALI master can issue commands to 

appropriately dim the fluorescent lamps, thereby saves energy without degrading the visible quality. With 

the Zigbee RF module, the master can communicate with a personal computer, also equipped with an RF 

module, for remote control. 

Experiments with the developed smart lighting control have shown that the developed system is 

appropriate for several areas such as a conference room, a lecture room, a hotel lobby and other places that 

require non-uniform lighting intensity or can exploit sun light. 
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l1hl\llrHH' DALI 

2.1 ll'U~un~1J1J DALI 

Til':h DALI Utllntllfl Digital Addressable Lighting Interface [2] 1~14lJ1\ll'l!114~ffmu'U IEC 
tI 

(International Electrotechnical Commission) nllf14fI~14rll'l1i'mnUTPJm1lJff'h:j'IJf)-l~llmwnl!l1f1Uff-l 
tI 

'lfUfl~l-l'lUU1J~~\llf)Cl iflUihl1fflJ1\ll'l!11411 IEC 62386-10 I [3] m\ll'l!114Un1lf14fIh1'~llmwnlll1f1Uff-l 

'I1fl~1UmJ1U!Cl'IJ (Address) 1l'l~~1~1 UCl~~f)f)QnUUff DALI Bus ~1~ff1U 2 Iff14 ifluuml1umuTJlJlf~fl 

lf1fl DALI Master 1~14~1~\ll~m~mi-lTi1J-lTl1UTJlJ~1-l'l~-lUfffl-l114t1l2-1 ~umwn1111f1Uff-lmtlui~ 
"" i 'JJ' • .1 "f i ~ 'JJ i "'... " lfCl1U'lf14fI flUfllfClflfll"l~flm'lffIC}l14\llUUU\lll-l'llfClflfl LED I!Cl~lfClflfl~l Cll'il14 llJ14\ll14 flUllUClCl1ff\ll 

(Ballast) UUUfllg fl'Yl'lfll1flffAflll iU-lI.,j'lnUUff DALI ~flVilfrl-l UClCll ff~t1~Villft!l~~fllfClflflI!Cl~mUTJlJ 

mlllff11-l'IJf)-llfClf)Yl\lllllTi1J-l~ i~i'Utl1flml1UTl1UTJlllf~fl Uff DALI lfi7-l~t1~UUClCl1fftl~lJlfl~?{fI 64 

~1 l!~ml1uTl1uTJll lf~f)ffllJl'loimjClCllff~lfCllU~11.,j'11~14milli ~mf)i1-l 16 mill i fluu~Cl~mill'il:;1~ 
I I" " I 

Ti1ff-lmufllllY;U-lTi1ff-lI~U1'~ n-lilTi1Tl11llff11-lYi1~14Uff DALI t1~f)g'l~lf11-l 0 - 255 lf1flU'lJ141f1 8 

• • tI 

,j\llI!Cl~I~flh1'~lUurifl1'l1~-l114 DALI V-ln1lf14 Yl 1~uTi1ff-l~-lTi1Tl11llff11-l'IJfl-lUClCllff~ri1-llft!1114IIUU 

lllfl (Scene) '~'Q;-l?{Yl 16 lllfl 

DALI Protocol DALI BUS Up to 64 DALI devices 

:(1 I): 

Fluorescent + Ballast 

CFL + Ballast 

LED + Ballast 

Halogen + Ballast *~ 

:II. Ix 

0 

*~ 
~ 
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fftytyltu~1f1'W'j~uuU'CY DALI !~'Wfftytyltu~]j"tJ'W1~m\l~'Wtl~1'W'lf1\1 16 - 2211"~ ~\I!!'CY~\l1'W 

,t12-2 l~fJ 

• 	 fftytylW'lf1\1 -6.5 - 6.5 11"~ ll~l1lJlfJO\l'j~~Ufftytyltu~l (Low) 

• fftytylW~'l\lf)'".h 911"~ ll~l1lJlfJO\l'j~~Ufftytyltu'l\l (High) 

~tllJ" 1 tJlI 1'W'j~uuu'CY DALI ll~'CYllJl'jtl~ 1~1l1f)f)1'j!t1~fJ'W'j~~UffUJUJ1tu1 'Wu'CY DALIl~fJ 
'U 	 'U U U 

• 	 ~tllJ""tl~f) 0 1l~iif)l'j!t1~fJ'W'j~~Ufftytyltu1l1f) High lt1 Low 

• 	 ~tllJ""tl~f) 11l~]jf)l'j!t1~fJ'W'j~~Ufftytyltu1l1f) Low lt1 High 

10 \IS <= trail <= 100 ~s 10 ~s <= (rise <= 100 ~s 

v 
90% 

--11-+- 10 % 

416.67 ~s +/- 10 % Bi-phase Logical "1" t 

'JI 1 Q,I ~Q.I I" d. ... I ~ ~ .c:s.l 'JI I

"tJtllJ" 'W'j~UUU'CY DALI ll~lJtlll'jlf)1'j'CY\I"tJtllJ"'YIu'j~lJltu 1200 UlI/1'W1'Y1 ~fJ"tJtllJ"ll~tlf)'CY\ltltlf)
'U 	 'U 'U 'U 

lJl!~'W!VhlJ~\I'CYllJl'jtlu,j\ll~!~'W 2 t1'j~!fi'YI~tl [4] 

• 	 ~tllJ,,~ri\l1l1f)19i1fl1UfllJl,jiJ\lu"m'CY~1'W'j~uu (FORWARD FRAME) ]jfl11lJfJ1119 tJlI 

,j'j~f)tlU~1fJtJlI!~lJ~'W~1'W1'W 1 tJlIlIllJ~1fJrlli\l DALI ~1'W1'W 16 tJlI !!,,~iI~n'lfJ{jf) 2 tJlI 

" d I Q.I fI Q.I QI Q.I 	 ~ ~ 
• 	 "tJtllJ"'YI'CY\l1l1f1.U"m'CY1I f)"UlJlfJ\l1I1fl1UfllJ (BACKWARD FRAME) lJfl11lJfJ11 11 UlI 

,j'j~f)tl1J~1fJ tJlI!~lJ~'W~1'W1'W 1 tJlIlIllJ~1fJ~tllJ"lItlUi'U DALI 8 tJlI !!"~tJlIiI~n'lfJ 2 tJlI ~\I... 


,t12-3 
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FORWARD 
I_I .. 1'"1''' I ... I~ I ,., I"" Isa> I= I"" I= I 

I 'TE IHe IH= I 'TE I"E I,,: I 'TO I'" I'" I '" I Jl, 
Total Forward Frome = 54 Te 

BACKWARD 

~~ I s~1 e.\'J IB~ IaW51aW41liWl IaW2lliW1 lewJ I Sqti I 


u l lllll i ll [
I ,]f. I'" I ,.. I 2TE IH e I HE I IT' I"" I ,,. Im I ... I 

Total Backward Frame = 22 Te 

DALI COMMAND STRUCTURE 

DALI Arc Power Control Command 

r----------------,, Group 100AAAAO , 
I Address OAAAAAPD I 
-----------------~ 
r----------------,
I Group . 1OOAAAA1 I 
I Address OAAAAAA1 I 
-----------------~ 

r----------------I,Group 100AAAA1 , 
,Address OAAAAAA1 , 
--------------~--~ 

r----------------II Special 101CCCC1 I + 
I Command 11OCCCC1 , 
-----------------~ 

r--ARC-POWER---1 
I JO- 2551 I ---­ ----~----~ 
r-------------'I Control Command I 
~____ 19_-_3J 1____ ! 

r-------------', Query Command , 
!.. ___ l11't:.£~51___ ! 

r-------------, , Command datal 
I [0 ­ 2551 , 
---------~----.1 
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· 
o u v ,
2.3.1 fll~~fl1UfJ'IJ'l::::YlUfl1l'IJ~1H (Arc Power Control Command) 

• II • 

TiTa'-11lJfHllJihl:::: \1 mi-1111ti'-1'11"m",I9i'IVimH'ufl1llJ"'1Wm)-11-HHlfl i yJ 1fltmllJl'HH~tlfl11i'UI~ lJ 

• II , 

1Jl-1 ~1111fl!~ lJ mllJ111 tl11 i'm'lfl~11lJ ':i ::::uu 1 ~ oUtllJ" ~ tl-1'ltflfi la'-1u11':i:::: fl tlU ~1 £loUtllJ" l1lJlm"~ Yi tl ~~ tl-1 

Q.I 0' 0 Q.I Qil ~ Q,I ~iI 4:::S I ~ ~ I cf ~ a 
U""l"'~ (Address) "'ll1':iUmWl'ltl-1fll':i"'-1m'Yn::::~l'Yll'ltl-1fll':ilJm!':ilJ~-1l!1'l 0 tl-1 63 (6 UI'l) l1':itll1lfl 

I Ir" 
~tl-1fll':ia'-1I~lJfHllJ (Group) 91-1l1::::ijfHilJ~-1l!9i 0 f1-1 15 (41J1'l) 91-1~::::tl~llJ 81J~mfl mlJ~lmi1lJ~tl-1 

I , " I 

':i::::~UfI1llJ"'1l-1Yi~tl-1fll':i91-1ijfil~-1!!9i 0 f1tl"'1NUtl£l"lfll11l1lJil-1 255 f1tl"'1l-1lJlflYi"lfl111tltl1111'l1lJ~l£l 

fila-11~£l1nUfI1llJ"'1l,ItlUN glJl'lflJ fila-11~lJ"flfI1llJ"'1N fila-1~U1yJ fi la-1fl1llJ"'1l-1~-1"lfl~l"lfll~lJ 

aUo VQJ' · " 2.3.2 fll~~~l11'lUYI~fll (Configuration command) 

,,, • I I " 

fila'-11lJ fHllJU ~flllW ::::~tl~fila'-1Yiff-1tltlfl i 11~::::ijfl1llJ~!f1111~lJ~lJ l1lflfHjlJm fl 1fl£l~::::~tl-1ijf)n 
" " ", , 

ff -1fi la'-11~lJ91l"'tl-1fli'-1.fll£lllJ 'lf1-1nm 100 ij"~1lJ lYi 'I1"m",I9i'~-1l1::::]jfll':i~tlU "'lJ tl-19itlfila'-1i11flH",rl-1 

," I , 

~tl-1fila'-11lJfHllJi1 ~::::11':i::::fltlU~1£ll1lJlm,,~Yitl~~tl-1'11""1"'19i' 111tll1lJlm"~milJ 91-1~::::tl~llJ 81JI'lUm 

!!"::::l'lllJ~1£l':i11"'fila-191-1]jfil;-1u9i 32 il-1 143 91-1fila-11lJmllJifl~un fila-1~I~I'l'l1""l"'l9i' fila-1i-1fil 

, I I , " 

fl1llJ"'1l-1~-1"lfl~l"lfl filfl1llJ"'1l-1~W::::Yililfl filfl1llJ"'1l-11lJ~w::::ih::::uu lli'Vll-1llJ fila'-1~-1fi-1111lJfI 
• II

fl1llJ"'1l-1Yi~-1H~1-1l1Ul (Scene) l~lJ~lJ 

aUo QJ , · 2.3.3 fll~~~l11'lUYI'l1~~tlUfll (Query command) 

fila-11lJ fl~lJif~:::: \1fl1i'1~tlrtl-1~tloUtllJ"111tl fll':il'ltlUi'U 111 fl'l1""l ",l9i'llJ ':i::::UU~-1'11""l"'l9i'~::::ijfln 

~tlU"'lJtl-1lJl.fll£l1lJ 9.1 ij"~1lJ1Yi llJ':i11Uuu~tl-1oUmJ"l'ltlui'u (Backward frarne) ~lJlfl 81J1'l1m-1",rl-1v v 

f " I , 

~tl-1fila'-1fl~lJi1~::::11':i::::fltlU~1£ll1lJl£lm~Yitl~~tl-1'11"m"'l9i' 111tll1lJlm"~fl~lJ 91-1~::::tl~llJ 81JI'lUm u,,:::: 

I I" • II I I 

I'lllJ~1£l':i11"'fila'-191-1ijfil~-1-1U9i 144 il-1 255 fila'-11lJmilJi11~un fila'-11'l':i1~"'tlU"'mlJ::::111tloUtllJ,,'Yi'1111• v 

, " , I 

~tl-1'11""l"'l9i' fi la'-1I'l':i 1~"'tl1Jfll':i~-1filfl1llJ"'1l-1~-1"lfl~l"lfl filfl1llJ "'1Nlijfl!U~ filfl1llJ"'1l-11lJ 111lJfI 

fl1llJ"'1N~tl-1'11""1"'19i' (Scene) l~lJ~lJ 
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,
• v ... 

2.3.4 flltJ.:J'VUfl'll (Special command) 

I. " I 

lillJihff'-:jm~1~9f-:j'll~Qfl1.nlJfl1'J1l-:jril'J~1J1J1Jff DALI ihff''1'11~Qmi-:j hJV'I1JCUllff'ii''Y]fl1l11lJ 

, , " I r " " I 

'J~1J1J1f1tJ1~'J~'4fl~lJ'H1tl'HlJ1Vl~~ntl~ ihff''I1'u milJiji~Ufi rllff''111lJ~lJlI~~iY1Hlf1 fl1'J,r'lrin~1J1J ihff''I 

~lJTHff~{J~~lJ'H1 rlli'lfll11'H~f1ril DTR rlli'lnJ~tJ1JlntJ1J'Jliff~tl~~lJ'Hl rlli-:jt)tJlJ1J~mff'ii'{Jtlfl'lllfl 

fln~lJ'H11illJ~lJ 
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I 

<:t 
tJ'YI'YI 3 

IV t!e:,. d Q t! 
mUll "VIrmmYI'H)'U fl"l1 'lJ'lJ DALI 

. " . 
~lJll1J1J,j"H\1~9l'fll~fl'V1'H)UfHfn~WIl.n~'U i111f-1mr-31fl1-3~~H~-3I1~fl-31lJ~113-1 9f-3~llJl'H) 

" 1I-U-3I~lJ ,i1lJriflrllPlllJ f)11l'l 1-31lJ i ~~-3i! 

i fl~,j'(;lm~9l'flfllJ 1 'V1l(;lmfl1 IR21592 [5] fl11JfllJf)11l'l 1-31'U'Ufl-3l1(;lflflvJ',lflfll1~I9flJ9l'1flrl~~l-3 

fftytylwmllJ~i11fl11JfllJf)111i1flll(;l:ilfllf)lPl'U fl-3 Half bridge l'Ufllfl Output l'll 1..rlnflll1-3~lJ i vJ~i:l1J 

fl11lJ~"l-3 i11iJ-3l1(;lflfl I~fl1,*1lJf)11~'U iffl1(;lflfl 1I(;l:~fl~fll1(;lflfl i vJ 11lJ()-3f)11m1JfllJlI~-3~lH'Ufl-3 
. " 

l1(;lflfl ivJflllJn~-3 i l' 

'U. 'tnhrJ1.h:lJlilll-H1flilH 

ilJ lmflfllJ 1'V1l(;lI(;W1 8 -a1Pl PIC16F648 [6] l'lll1trl~f1J'ti'm;!mJlm:1J1J,j'~ DALI 1I'ti'1l'l1f)11 

.., 'JI "'''I 'JI 'JI.., i ~_I"'''' "i " .,j
flflflll1~'Ufll,!(;l'V1 !flll(;l:~11-3~tytylW'UlJlfl 0.5 - 5 !1(;l1Pl !lJrl-31J(;lm~lPlflfllJ !'V1l(;ll(;lflHVWfl11JfllJfl11lJ 

" ~11-3'Ufl-311(;lflfl i vJ 11lJl1-3d-3fftytylW fl11JfllJ f)11l'l 1-31lJ 'Ufl-3,j'(;l(;l1~9l'flfllJ 1 'V1l(;lt(;lfl111(;l:flfl rllPll1~~fl1J 
. " 

~fI1lJ: fll'Jl'lH l'U 'Ufl-3,j'(;lm~9l'1I(;l: l1(;lflfl i vJ 1 lJ mwnl1(;lflfllffrl111vi1 fl 11f1 flfll1(;lflfl flfl fl~lfl,j1 

ilJ lmflfllJ1'V1l(;ll(;lfl 1 'Il:~-311~flf)11l'l HllJ'Ufl-3,j'(;lm~9l'flfllJ 1'V1l(;ll(;lfl111(;l:~-3I~lJf)11l'l Hl'U1 m.iIfl-3lrlfl 

l1(;lVfl ivJmi1J~~ill'Vi11fl~ 

fl. 1.:J1l'lillfl'U100fl (Output Stage) 

lillJ1-3'1l1fl'Uli11Pl1IPlfl1'b'Ufl Half Bridge l'lll1trl~I11~rllJlI1-3~lJ i vJm -3 400 V liI'UII1-3~'U ivJ~r;i1J 

fl11lJ~~-31~fl~ lrl ill iJ-3l1(;lflflvJ',lflfll1~19f'U9l' 

.:J. '"1.:J1l'lI'lrJ.:Jfl'l:II" (Rectifier) 

1 

l'lll1trl~I11~ rllJlIl-3~lJ i vJ~r;i1Jl..rlil'Um -3~lJ ivJfll-3'U'U lfl 300 11(;l9l'1~fll,*lillJllmi-3~l£J'Vir;i-3-31lJ 
'JI.., _.1 " 

11 fl1Jl1(;lflfln ',lflfll 1 ~19flJlPl 
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~. 1.:J~';iUfi't>il~11h~ml1JfhK.:J (Power Factor Corrector, PFC) 


'ti lln!1~111 lJ wi'ri 1~111 'J~ fH:llJ n1~.:J '\.I tl ,rumn~911 'W '\.IW:; 'ti N 1'W i ~ Vll~ 'b'~ I 'b'vri 1~i111 'J~ f)tllJ n1~~ 


n. 	 l.:J~';i~Yl~enJi;llltJtJ,,ylli;l.:J (Opto Interface) 

'ti1lfl!1~lll~v'W'J~~lJm~~'W'\.Itl~ffruru1w~1~'W'I1~ DALI t1lJffruru1w~~~~mHl1f)
u u 	 u u 

" 
1lJ1mrW'W i'Vl nU"tl{ 'W tlf)1l1m!wj~1'*1'W f)1'Jiltl~t1'Wutyl11f11'J9itlm119111lJ t1'W '\.Itl'H~l1 mw1'W'I1?1' 

DALl 

DALI Electronics Ballast 

EMI Filter Rectifier Active PFC Output Stage 
AC BUS 220V 

Opto Interface DALI Controller Ballast Controller 

DALI BUS 

5V Microcontroller 0.5- 5V 
IR 21592 

PIC16F648A 

/ 
./ 

-" 

• 	 'Jtl~1mhk-1fl1UTJlJfl11lJ?I'i1~lllJu9iVl"l1l1f)~l1mWfnlJTJlJmlJlJWI'J!1'W lEe 60929 [4J li'W 

'J tl~1m)1i'll11 lJfl11lJ?I'i1'1~ llJ 'J:;~lJ fl11lJ ?l'i1 ~~1111 U lJ1 'J V~1lJrl1i'II~lJ 111V~~ 'J:; ~Ufl11lJ 

, I 	 , " 

?l'i1'1 'J'i)~1lJrl1ff~lllJlJ mllJ 'JV'I1ml1ff'I'J~~lJfl11lJ?I'i1~~llJ~ 1f)li~~H I~ 'W~ 'W 

Q.lO~.t::!l'" 0 d'i 	 0 Q.IQ,lQ.I 

• 'J'i)~'JlJm?l' ~~~'IJ'i)lJ~ (Query) f11'J'Vl1~1'W 1l1f)~1lJ"m~~ 1'b''W 'J1V~1'W ~m'W~f11'J'Vll'll'W'\.I'i)'IlJ" 

." 
m?l'91 'J~~Ufl11lJ ~i1~Ullll'l1'W ri1fl11lJ?I'i1'1li~~1i1 'W1l9i,,~ ~1f) I~'W ~'W• 
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, " 	 " " 
• 	 'H),d'mhff.:J fll'J~.:Jr11fl1'Jf]lH'lilJ fll'JfhI1lJ~ mllJ fll'J~.:Jr11fl11lJ'ff11.:J'Ufl.:J~ lfl fll'J~.:Jr11mllJ 

'ff11.:J \1.:J 'l~UJ;t:;~W(~'lJfl.:JUJ;t J;t 1'ff~ l~lJ~lJ 

---------------, r--------, 
AC 220~ EMI Filter r I I 

I Rectifier I 
I Active PFC : 

Opto 
Interface 

____ J r 

PIC16F648A 

I Half Bridge I 
I Output I 

I 

L __ _ 

IR 21592 :: 	 :
II 	 L ______ _ L_____ -'DALI Bus - - - - - - - -	 LAMP 

, 	 .­
lU3-2 mrfUfmnr~DALI fiM'fvnl'iwPJI'Iniiu 

I. 	 I 'JI 

11lJ~lJ 'illflfhl1lJ ~r1111lJ~lJ1,runvifl1~~m'iflm lv1Yi~ llJ;t~ llJ~J;tmvllJ n~~.:J fll'J1~.:JllJ 11 1 flll'lJ 'il~ 

" flflVfl'J1'il'ff~mYtytylW 111flUJ;t J;t l'ff~fl ~lJ1Yl'JmJ;t~111J;t~'li111J;t ~~ hlmfl'Y'lUfl11lJ H~tlfl~il'lilJ uJ;tm'ff~1li 
" , 

V'h.:JllJ 'H1~11J;tfl~ hl\lfltlJ;t~~~ fHl1fl'li1 itlmmlJ11~ff.:Jl1fJ~fll'J'Y11.:JllJ'lJfl.:JUJ;tJ;tl'ff~flfllJ1Yl'JJ;tm~1 
, 	 " , 

11lJfl11ffWW1W niifl11lJ H~tl fl9111:;mlmi'ff m1~tlfl91 'illflUlJ 11:;11lJ fll'J'Y11.:JllJ 'U~.:JuJ;tm'ff~flfllJ1Yl'JJ;tmfl1
u u 	 ~ 

", • I I 	 , 

l11li~flfl f.:J 111fliifln ff .:Jr'hff.:J I'IY1lJ1 'ill m:;uuu'ff DALI 'IYfllJ J;trh ff.:J nl'IYllJ 111 ~ \l flmfl.:J ff1lJ 'U~.:J 'J M'ffn~~ 

Im~ff1lJ'U fl.:Jfhi.:J ~fl fl'illfl fllJ I itfl~'J1 'il 'ff~U ill~lJ fhi.:J ~ ff.:J 1tl v.:Jl1lJ1m~'U~ ~ ~111fl mllJ'U fl.:J fllJW.:J 

I 	 " I • • 

'H1~ lli111flllil'li~11~iiiifll'J~~U 'fflJ fl.:J~ ~fhff.:JUlJ 111m~lJrhff.:Jnff.:J1tlV.:Jl1lJ1VlJ;t'IJn~~111flmilJ'lJfl.:J~lJ 
I 	 I I ," 

u J;tm'ff~11:;'Y11fll 'J utl J;tftl ff.:Jn ff.:JlJ 11~fll tl~ 11~lJ fll'Jtl fu fll'J fl1U f]lJ mllJ'ff11.:J 111 ~Itl ~VlJutl J;t.:Jr11 fll'J~.:J 

r111lJmJ 1Vfl11lJ~1~llJ~ l~fuftli.:JlJ 1 Irl fl~ll~lJfll'JflllJftli.:J~ l~fulJ1I'ff~'iln11:;1lJfl"'U1tl~'J111'ff~U 
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Startup 

FAULT? 

Rec 
Command? 

OK? 

No 

No 

" 
'"'U91 fl'U fll'j'flfl fl U'U'U 1,:j 11 'j',j~m 'ff~ijtg fl'Yl 'j'm1fl 'ff1r1'ii fll'j' ~l~fl,:j ~m fll'j' '\'11,:j 1'U'U fl,:j,j~ m'ff~ 

" t'Ufl,:j~'U 1~tl1~1thumlJ Ballast Designer 'Ufl,:j'U~ll''Yl International Rectifier 1thttmlJ'ff1lJ1HI~1~fl,:jN~ 

o cv d'd J/Vi CI <V tI !ttl J/ & 0 • ~,J t d1'jJ

fll'j''Yl1,:j1'U'Ufl,:j'U~m'ff91'Yl1'If tOC)f'U~m'ff91fW'U1'Yl 'j'~t~fl 'j' ~~ C)f,:jt'j'l11:: fll'H'U ~fI1'Vi1'j'111t9WHl1,:j'l 'Yl 'If 

I) <V cv ' " ,J I 0 ~ J/ .t:A ~ tI QI JI 
'ff1'H 'j' 'U 'U ~m 'ff91'Ufl,:j 'H ~fl~ vJ ~ flfl t'j' 'ff tC)f'U 91 t t91~:: 'IJ 'U 1~ U~::~N~ fll'j''Yl1,:j 1'U t'U fl,:j91 'U t'Vi fl1tfl 'j' 1::mt~::tl 'j''U t tfl 

nfl'U '\'11 fll'j' 'Yl~~ fl,:j 11~,:j 1~ tI N~ fll'j' ~ 1~ fl,:j U ~:: N~ fll Hl~ 'fffl'U fll'j' '\'11HU 11 ~,:j 'IJ fl,:j,j~m 'ff~rll'H1'U 'H~fl~ 

" vJ~ flflt 'j' 'fftC)f'U ~u9i~:: 'IJ'U191111 'U ~,:j~flll ~9ifl1tlu 
~ ~ 
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Single lamp/current-mode heating, 185 to 26SVAC/400VDC, T8 3fNV 
IRZ1S92, L = 2.30 mH, C = 10.00 nF 

, , " 
4::::t, Q,I fI ~jJ~oG.l Q,lo' 

~1'nn1 3-1 !!I:Y~-:Jfl1'i'VI~1:H)iJiHHll'i:Y'fl DALI 'VII:Y'il-:J'lJlJ'i:Yll1'iiJlHHl~ T8 'UlJl~ 36 1~'fl 

% fl11lJI:Y11-:J fhr;;-:Jirh~h (1\9l~) ~1'lh~flfliJfhr;;-:J 
d 

fl11lJfI (KHz) 

100 36 0.98 39 

80 27 0.97 46 

50 20 0.96 49 

10 8 0.85 52 

0 6 0.81 55 
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Single lamp/current-mode heating 0 185 to 265VAC/400VDC 0 T5 2fJVV 
IR21592 0 L =3.50 mHo C =3.30 nF 

I 

% WlllHY11-l r'h€l-3 ~hHh (1~~) 'fi'11h::fHllHil€l-l 
0 

fl11lJ~ (KHz) 

100 29 0.98 61 

80 27 0.97 62 

50 23 0.96 63 

10 13 0.92 64 

0 12 0.92 67 
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Single lamplcurrenl-mode heating, 18510 26SVAC/400VDC, TB 1fN11 
1R21592, L = 3.70 mH, C = B.20 nf 

I 

% f111lJ~11.:j 

100 

80 

50 

10 

0 

flTtl'.:jirJYJl (1~~) 1'l11h:;f)6Unl~.:j 
d 

f111lJU (KHz) 

15 0.94 42 

12 0.92 51 

10 0.89 58 

8 0.86 66 
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Sirge lampk:urrent-mode heating, 16510 26SVAC/400VDC, TS 14W 

IR21592, L % 3.60 mH, C * 4.70 nF 


, , " 
do cv tI dV~o cv Q.ltI 

m'Jl.:J'Vl 3-4 !!ff~.:Jf)l'J'Vl~H"tJUU"mff~ DALI 'Vl'ff'jl.:J'UlHnl1'JUl1"tJ~ T5 'UlJl~ 14 1~~ 

. 

% 'fl11lJ'ff1l.:J fil~.:J 'vJvh (1~~) ~1,.h~fwufil~.:J fl11lJO (KHz) 

100 14 0.94 47 

80 12 0.88 50 

50 8.7 0.96 49 

10 7_5 0_85 52 

0 6 0.81 55 
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, 
..::t 

tJ'YI'YI 4 

, 
l1Ul£.Jfl11Jfl)./ DALI 

. " 
lf1'J'H"~l.:J'1Jtl,nnh(Jm1JfJlJ DALI Yil1l'lJ'\.Jl~'U 1'UlIi 4-1 TfI'i-Jff'hJfJ1(J1lJ'tJf)'J1h~ntl1J1(1(J 

In.hm.h~lJ1~I!-Hl'H!:lfll'~'UilJ lmm)'U lm~!~tl1'1J'Ul~ 8 U~ PIC18F4550 nNl'U~mllJ!11 48 MHz iJ 

l'ill1(JmllJ~11h~!fl'YIU~~'If'1J'U1~ 16 KB U{l~iJmmJ'Ul~ 2 KB [7] iJ1.:J'il'JU,j~.:J-ffrurultlJUtl'Ul{ltlm~'U
u u 

" ~~~tl~mllJ~~!fl(J~ 12 bit 'ffllJl'Jtl~~9i.:J~,jmW~'J1'il1~mllJ","jNil(~.:J~~ 4 ~~ 1~(J'ffllJl'Jtl1~mllJ 

'ff1N'1Jtl.:Jill1'U'lf1.:J 0 O.:J 1000 !:lnCJf (Lux) I!-h'U9i1~'J1'il1~ (Sensor) EL 7900ILCZ Ambient Light Photo 

. " 
Detect IC [8] iJ~lJn~ (Push Switch) ~1'U1'U 4 ~lJ rl1'Hi'1Ji'1Jfll-ff.:Jfl1lJfJlJ'illn~"H1'Unn9i.:Jrilfl11lJ'ff11.:J 

. 
o a 0 0 Q,I 0 

U~~fl1'J'YI1.:J1'U'1Jtl.:J!mtl.:J 'H~tl~ LED 'ill'U1'U 4 'H~tl~ ~·1'H'JlJU'ff~.:J'ffm'U~fl1'J'YIN1'U 'iltlU'ff~.:JI!-l~ LCD 

'lfij~9i15mn'1J'Ul~ 16 x 2 rl1'Hi'lJU'ff~.:J.um.!{lfl1'Jnl.:Jl'Uu~~1~~~1itl~tl'ffntilJrrt~ 'ffllJl'Jtl!4tllJ1imllJ 

Zigbee Module !~tl'Jtl.:Ji'lJnWff .:Jfha'.:Jfl1lJfJlJ'J~(J~ i n~'illmflrtl.:JfltllJVl1!~ tl1l!-h'U fl1'J~tl'fflmlJlJ i ~'ffl(J 

1~(J1~f1~'U1'Y1~f111lJg 2.4 GHz ~llJhh l~f1tl{l Zigbee (IEEE 802.15.4) iJfl1'J!~tllJ1itlti1J'lj'ff DALI 1~(J 

~1'U1.:J'il'J~tl'fflmlJlJ1~u'ff.:J Opto Transceiver 
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Opto 

LED Status 

Transceiver 

.-DALI 
Bus 

l1l!1tJflTUf)lJ DALI lI~ ..hHU i~'U Il1lJ~'fl1m'Uf)lJ cl1-:J1'lJfhk:Jm'Uf)lJm1lJ"'''h:J'tIfl-:Jl1{1fl~ iw 

1I10~lJfl~'U'U 'fl1~11O'H'ufl1'U fllJW-:J 111fl "'llJ n 01'lJfh~-:J m'UfllJ 111 m~tJ~ i o{ll~ tJ~l'U fl ~'U1'Y\~U'U'U i ~"'ltJ 

m1lJ~ 2.4 GHz ~ -:J'Vi1 hr~~"'llJ1'Jmi -:Jrl1~-:Jfl1'Uf)lJ1I1mfl~fl-:JflfllJ.yh19W1lJlrJ-:J~l1mwfl1'Uf)lJ '~u,j' 
" " ~hji~flg1'U'U1nw..rfl-:Jlr'U 'U flO1l1 o nl'J 'Vi 1-:J 1'U 1'U 111lJ~'fl1fl1'Uf)lJu"1~11mWrJ-:J"'llJ no'fl-:J 111 'JumlJ111' 

. " 
'Vi1nl'Jm'Uf)lJfl11lJ"'11-:J'tIfl-:Jl1{1fl~ i wu9i {I~~1-:J i 'U,rfl-:Ju'U'UtJ'fll 'UiJ~i~ c)(-:J 1'U 111lJ~i1~11mw1I~'Vi1-:J1'U 

. " . 
1~ tJfl1fftJnl'J 1'U ri1111 0 1 C)f'U lC)ffl1'fl 'J 1111~fl11lJ "'11-:J Vi ~~'fl-:J fl ~'fl1lJ ~~~hrity9i 1-:J '1 i'U 'U111W,rfl-:J 1 Vlml1ri1 

m1lJ"'11-:J~ i~lJl'Vi10nll 'J~ lJ1{1~{lU{l~ -ri -:Jrl1~-:Jfl1'Uf)lJl14flll1'Ulll ~tJ'U fl11lJ"'11-:J'tIfl-:Jl1{1fl~ i Wt14fl il1'~ 
." 

U"'-:J "'11-:J'fl llJVi'fl-:J 11' 

" 
nl'J'Vi1-:J1'U 'tIfl-:J~l1 mWfl1'Uf)lJ i 'U 'J~'U'U DALI "'llJl'J01~fl O'fl-:Jri1 i ,rijnl'Jfl1'Uf)lJU'U'UutJO 

" " • • " I I 

l1m0l1{11tJ'Vi-:JVI'UVi'tl'U 1~ i mUC)(-:Jiil1{1fl~ i W~l'U 1'UlJlf1U{l~~fl-:Jnl'J i ~-:J1'U'Yi~fllJ'l n'U111flll~lil'UVI'UViC)(-:J
u 

". " 
~OUU-:J lil 'U Ii'~ -ri1'Ull{I~ ii nl'J 1~-:J 1'Ull'" -:J "'11-:JlwtJ -:J'U 1-:J ~~ 'tI fl-:J VI 'U Vi 1i'hlr'U 
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,,, I 1 	 , 

~11fl~V-l';i1lJl1,m'ff~-lllJ~ 1~~VtH-Wtl1ml1ff-l1l1f)~'tl~{I~l'u'VIN~lJf)~UU~1tfl~V-l m';ifl1UTJlJ~lU 
I I r 	 'jI 

~lJf)~U'U~11fl~V-l 'ffllJ1';i tl ff-lfl1UTJ lJ! r;lJ 'H'~tl"~fl11lJ'ffl1-l 'IJ tl-l 'H' "V~1yJ 1~i -l11UU!11 'U milJu,,~uuU ';i~iJ 

'H'"tl~1yJ1~ 

, 	 ,I" , I 
ij-~-ln~'Umnll-ll'U~-lt114-31~mlJmil~lfl~tl-l1l~Yilm';i~-lril~l1mwu,,~ llJ~"Vi1~vlJ~vvg 

" ,I I 	 JI 

1l1tlU'Ull~ff-lfi lff-It-Wtl11lJ~'Utll';ifl1UfllJ ~l1tl';iur, 'U ';i~UU DALI 1~{lll~ii~l~U tll';iYi l-ll'U~-l~V111il 

• 	 ~1fl1UfllJ'J~ff-lfilrl'-l Initialize 1lliJ-l~11f)';jw'VJtl~1~tl~' 'U';i~UU,r'ff 
'jI I 'jI I 

QI QJ Ct, t QI'.:::9 0 Q.I 

• 	 'Jltl'U'U~1fl1UfJlJ'J~t';ilJ'ff-l'H'lJl{lm'IJ Address 9l-lU~ OxOOOOOO m OxFFFFFF U"~fll'ff-l Compare 

Address 1v1tlm1'J'ffVU11ii~l1mw~1'~vg''U';i~UU,j'1-l 

• 	 1rlm'iU~l1mw~1fl1UfJlJ'J~ff-lril Short Address 111iJ-l~l1mwn~tl't11l'U'H'lJlm"'lJll';i~~1~l1mw 
" 

U'Urll'H'1Um';ifl1UfllJ't-ll'U~V ill 

~ d j} cI OJ , 0 ~ .4 
• 	 !lJtlm';i!'ff';i'Jm~U1'Um';ifl 'U'H'l~l1mw 9l1fl1UTJlJ'J~'ff-lfll'ff-l Terminate t'Vw'Jum';im~U1'Um';i 

~'U'H'llm~!.ul~tll';i1'H'lJ~m';iYil-llUll tl~~tl ill 
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" . . 
111 flUlH)~lll f11'.i~'.i 11nYtJlii1ijfj1r:Y'Hllflm~l1rtJ lli 111 flVilirhr:Y.:J111 flm~ hhllf1'.i1J 11~111111Hu 

~ ~ 

. " 
lllHU1 11'.iUm 1J 11:;rll'Uri1Tl111J ",iN 111m"b''UIC)ftJ{1~Tl111HdHVi~~,J.:JI ll')fl"l 'lh.:Jnr:n11'.i:;1J1w 1 1'U 1Yi 

11"':;111 fl 1 11'.iUm1Jll1.:J1'UtJ~1 'U 1111J ~Tl1lifl1JTl111J",11.:Jij~1 'Ulr~ 111 '.i lIm1J 11:; 'Vi 1f11'.i 11 '.i:;1J1m'mTl111J 

"'11.:J~rl1'U1 ~111m"b''UI''b'tJ{1 ~mY.:Jfj1~.:JTl1lifl1J 111 V.:Jl1'" tJ~1 rh~tJ11i'liTl111J ",11.:J 1 'U li~!1tu~N"l1'l11J~1~ 
" 

,J.:JrhHci1.:Jl1U1 

System Initialize 

DALI Bus Initialize 

Yes 

Mode Process CMD Process 

Update Configuration 

No 

DALI CMD 



• • 

20 

, 
~ 

lJ'YI'YI 5 

DALI Bus 

User 


Setting 


DALI 
Master ))) ZigBee@Light 

'---_ _ ---'I~-...,. (2.4GHz)Sensor 

" .. 
HU1,j'uij1,)vr\Pll14n~UU611ll~U~mUfJlJ!lff-l~":il-lninm 'H1~1-l~-l~U 5-1 91-l!lfffl-lf11'j'Vil-ll14 

~1lJn14'IHN 'j~UU!lff-lWll-l .fI1U114 l1'6-l!l~~!Iff-lfflN111flli'j 'jlJ'lfl~l flui1ml1Ufl1UfJlJ DALI f16ui'mi1111fl 

6umru1I'j1111flfl11lJffl1-l!l~~ ff -IT'hrl'-l1Ufl1UfllJfl11lJfflW\J6-l'\1~6fllvJd~6U i'UU~lJlWfl11lJffl1-l 

u~nw,f141l1'mlJl~fflJnuf11'j 1~-l114 'j~uuif5-lffllJnO~fl~6n1J!f1~6-lfl6lJYi1!fl6 {Hl14fI~141Y1~ i ~fflU 

uuucHflii (Zigbee) f111lJ~ 2.4 ~flfl~!~HYJC; !~6rl'-lfl1UfJlJf11'j'Vil-ll14'lJ6-l'\1~6fl i vJ111flu~nw g14 

'j~uuij " 11~ 1~f111lJ ffllJ no114 f11'j,j'fl flqlJ'lJ6-l'j~UU DALI !,JllJl,hu114 flnfl1UfJlJfl11lJffl1-l114u~ 

~~u~!1tu'IJ6-llf14~i-l'\1lJfl ~-l'Vi11l1'ffllJnO;-lTilf11'jfl1UfJlJfl11lJfflH 114u~~~lf14 ~i')Ullfl~ HnlJ!!~~ 
" mlJl~ fflJnUfl11lJ~6-lf11'j!l ff -l ffl1-l 114 u~ntu,r141 

" ,
'j~~uuff-lfflH114'j~uu DALI ffllJl'jm~6fllPl-lTi11,) 256 'j~~U !I~"~'j~~Ul1~i1f11'j!U~U14UU~-l 

f111lJffl1-l!1j14!lUU~6f11~YilJ ~-lmlvJ114~u 5-2 ~-l!1j141 UflllJfflJf11'j 

n -1
----1 


10 253 / 3
% f111lJl,JlJUff-l = 


lflu n !1j14Til'j~~Ufl11lJffl1-l 
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I I " , 	 I 


~1 I11 ~Vi J{tl.:J ii fl1 'J I U il tllJ 'J ~ ~llfl111J ~';h.:J I 'lflJ -WI~tll111111J 1~ ~1J fill li 'J 'J 1J ')j'1~ 'U tl.:J ~1t1~11Jl!ElvVi 


~l1J1'Jtl~tlll~lJ tl.:J~tl f11'JI U~tllJlIU(;I.:JfI111J1.u'1JII ~.:J llJ'lf1.:J~ii II~.:J~11.:JUtltl i~~ fl11'lf1.:J~iill ~.:J ~11.:J1J1fl 


~.:Jl'11l11r!1~fiYflil.:JfI111J~miTtl.:JI~tliifll'JIU~tllJlIU(;I.:J'J~~llfl111J~11.:J'Utl.:J11 (;Itl~ i ~llJ'J~llll 


100 


00 

80 


70 


i?;o60
.1ii 

jj50 
£ 	 40 


30 


20 


10 


o 
85 115 145 175 205 235 


Digital Input (Ii} 


I 
/

/
V 

/
/

/' 
~ 

......--

llJ.:J llJlitlifiII'VI ~ (;I tl.:J 1~U11J 1tufI111J~11.:J~.:Jln~ ~1 flll ~.:J ~11.:J ~1flli 'J 'J 1J')j'1~~.:J ritl.:J I.u'11J 1fl1t1llJ 


11tl.:J'VI~(;Itl.:J'UlJl~ 3 x 4 ~n1.:J11J~'J ~.:J'iU 5-3 ~llJ'VI1.:Jl1U1~1.:J'Utl.:J11tl.:J~.:Jtl~'VIl.:J1l1lJVlfY~~llJtltlfl 


llJ'lf1.:J!1(;11 /0,00 - 16.00 ~.:JlijlJ'lf1.:J!1m~iifll'Jl~.:J1lJ'J~llllll~.:J~11.:Jtl~lijlJU'J~~11~tI'lf1.:J~l'11fll'J 

v 	 • v 


'VI~(;I tl.:JUlJ I ijlJ'lf1.:J t] ~l1lJ 1111(;1 ~~flEl tu~'Utl.:JII~.:J ~11.:JVi ritl.:J I.u'11J1ilJmllJ tllJ {jlJ fill ~ fl1'YW1fllfYllJ II~(;I ~ 

llJ i.:J ii fll'Jt! ~~.:J ~.m!ijlJfh Il!~ tI'U tl.:Jfl111J ~11.:J ~'J~ tI~~W'l ~1fl'Utllll1U1~1.:J1 ~ tillu.:J ~11J'lf1.:J!1m~.:J 'iU 

5-4 
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-t;-~ 

I ~ "7

/ ' r 

~~~ 
-

-f ­

\ ~ I.~ s-" s-"t ~ I
/ (c:;; / \ (c:;;l~ - ~ 
I ~ I\~ I ~ , \ 

~ 

I I I 
I I I 

\unm~1PI• *'\.lih(;)1'1"/J'U1~ 70 x 120 cm2 

*WCl~ ~1vlLtl'ULLlJ1.Jtl"nJ ~ 

l'U 5-3 llHUri.J~nJfNllft'Fl'JCfnYw~'IJf),nrf).J~'}f)(h.Jrf1·thm1'jtWlmN 


2500 
-lime 10:30 

-lime 11:30
2000 

-lime 12:30 
"""' i:=I -lime 13:30 ~~ 1500 
'--' 
? -lime 14:30 r -r 
ll; 

-lime 15:30 ri 1000 
r 
r 
(i: 

500 

o ~-----------------------------------------
0.5 1.0 1.5 2.0 2.5 3.0 

" , " 
,nlJ11lvihnl-M iflV'VI1f)~fl.:jm'Ji-MTl111HY11.:jm ~Vfl1VllJ"y6.:jii~lff.:jf)11 500 ~f)'; llJ'lf1.:j!1,ni.:ju~ 10.00 ., 

" 
- 16 .00 ilJ 1 1lJ ''Jlffl1Jnm.h:;1J1wf)ni-M'Yi~.:j.:jllJi'YHhril'V1-r1J'J:;1J1JUff.:jff1Hmviu"y6.:j'YIfl~6.:jiji~ 
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"U~'Uf.I~lItlf.l~'~ 10.00­

11.00 

(Watt) 

11.00­

12.00 

(Watt) 

12.00­

13.00 

(Watt) 

13.00­

14.00 

(Watt) 

14.00­

15.00 

(Watt) 

15.00­

16.00 

(Watt) 

'i1'l1 

(Watt) 

T8 (1)11'l1~1) 252 252 252 252 252 252 1512 

T8 Dali 96 136 136 110 110 110 698 

T5 Dali 110 136 136 126 126 126 760 

" ", 
1:::UUllff.:jff ',h ·Hl.:j i ~',.h:::lJltlJ 50-55 % 1~umrYUllff .:jffil.:jlllflli1'jlJ'l11~1~ml1'1f1U lWfllllflUlJ mf1l1lJli 

t , 11 , 

VI ~~ tl.:jii'l11lJltlJ 11Ul~ l.:j111tl 'UlJ 1~'U tl.:jl1Uwil.:jli 1 YilJ~lJ nffllJl HI 'lf1t11YilJ'l11lJ ltlJll ff.:j ffil.:j III flli 11lJ'l11~ 

"I Vet oJ • 1 V ... "" I 1 v... "I _ .I -~ 1 I 

l~tlflVll.:j C))'.:jll:::Vll 111:::UUtlll\'l1U:::fnmllJllff.:jff11.:jffllJlHI~~f1l1 'l1'Y'1~.:j.:jllJ ll"fYil lJ1:::UUllff.:jff11.:j~.:j 

'~~fl 

, , " • "1-11 v... v et"i ... v _I 1 "" "i 1 "1 v... 1 "I vffllJlmlJl IU 'l1flUl1tl.:jffOllJVltllJ"l VI.:jl1tl.:ju1:::'JtlJ HUlJ ~llJlltl~Hl111tl 'l1 lJl1'r).:j'Y'lfl'Utl.:j 1.:jmlJ I~ 

li1tl.:j lllflfl11lJ(J~l1fjlJi ~'Utl.:j1:::UU DALI ~111lJl1 '*lrlmil.:jllJ11lJ nU1C))'lJ1C))'tlf1~fl11lJffil.:jl'h111'ffllJl1tl 

I 1 I "" 1 SId • • 4J ~ 'al ~" "1 I '" fl1UfJlJfl11lJff11.:j lJU~~:::U1ntlJ l1lJmll~fl~1.:jfllJ111mVllfllJ 1~~llJfl11lJ~tl.:jf1l1 lJll~~:::U1ntlJll~::: 

'lf1U~~f1l11,*'Y'Ici.:j.:jllJ1vlYll~1lJ~1lJ~lnlJfl11lJ~11~lJ~.:ji~~Ufl~ IlJl1'91 
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, 
<:I 

lJ't1't1 6 

v 	 v 

lJlf1f11111~ij~'lfU~IN1 i ~)J1f1 11~ij~'ln1~U~ -:j 1~1Ufl11)JUV)J~ -:j ufil1~ ij~'lfU~U~ij-:jjju~ ~ 1~9i'rl1111U~~ 

11~ij~u~::;u1mJ'u l~U1 -:j~1JT11ij)J11 ~ ij~ 1111l11J1::;~)J iJ~~U'UU~~1~9i'~1~i11Ultl'U'lfU~ Uf1'UIl1~f1~-:jjj 

fhr-:j~rulffv1 'Ufi 11ij-:jlJl f1()-:j 10% 'Uij-:j t11~-:j-:j1'U~11~ij~1.nU ~ -:j ii~Nil91u~m~9i'uUUijl~ f1'Yl1ijU my~jj
.. u 	 .. 

I ," 	 , • 

t11~-:j~tylffV~~ ~-:jll1~mWV-:j 1% mil-:j 1 1n~i1 'U mtlHi~m'U Yi~~fi-:j11~ij~jjfl11)J~1N ~1 f1Yifl'U ij~U"'1111 ij 

" " 	 • I 

11 ~ij~,r'U ~11-:j IO'U fl11)J ~ij -:j f111 'Vi'-:jU~ ~ 1~9i'u~::;l1 ~ij~vl~ ij m 1 ~I9f'U 9i'~-:j f1~1111i~1)J 11 t1l11111ij ~~ t11~-:j 
. 	 ., 

-:j1'UYi1.n 111l11J1::;~)J 1~ yh111U1!1W,r'U ~ij-:j 1,*~~-:j-:j1'U 1 vl~110'Ufl1 1)J~11t1'U 

1 fl'j -:jf11 1 1~v1 ~~1'lJ'U 1U~~ 1~9i'!!U U ijl~ f1'Yl1 ijUmf~1~~lV~tyty1W~ 91 ij ~ rl111 1U t1 111 'U ~fl11)J 

~11-:j111ijt11~-:j1vl~1'Uij-:j11~ij~vl~ijm'j~ICJI'U911~;-:j!!fi I - 100% 1~v1~hh 191flij~ DAL[ ~-:jltl'U 
• 	 " . I • 

1J11'1'j!1'UYiUVlJ 1f1 'U q hu 'Uij f1~lf1U ti-:j~1'lJ 'Ulmhvfl1ufJ)JYilti 'UfJ'Uv~-:jf111 1uti-:jU~ ~l~9i'fiN'1 1~)J1f1 

~~~ 	64 fi1 'U ijf11)1f10~1)~~1)Jntl t1111'U ~fl11)J~11-:j'Uij-:j11~ij~ufi~~~1-:jhi1)l 011 Ul~ijflij)J Vi11I'1ij{~1'U 
~ I C). tI "I .c:tQl QI 	 I' ,:d" "I ~ 0 

lfl'jij'U1Vij'U 11'1 ij'j 1'U91U~ 1 11'U 1Vfl1UfJ)J ~::;)J1'I11~U~-:j~lf1mv'U ijf1 1'lf'U U~-:j~11-:j'Yl1'U 1'Yll-:j11'U 11'1N l~ij'U1 

,jij1qJ~1J1~~fl11)J~11-:j'Uij-:j11 ~ij~vl~ijm'j~ICJI'U9i'1111J1f1~~~ ~-:jij 11) ~~ ~~-:j-:j1'U 1 vl~11~Bf1()-:j 50% 

., ., 
n) 1 fl'j -:j f11'j 1~VUI1)1::;1)-:j1 'il ~l::U~~ 1~rl1111Ul1~ij~vl~ijm 'j ~19f'U~ll'h,r'U iJ 1) ~u'Ul1 ~6~U~-:j~11-:j 

~ihh::;ff'YlTim~~1'U~~-:j-:j1'U~-:jti-:jiiBf111~lV'lfU~~rl1riru 1~un l1~ij~ LED ~-:jiiu'j::ff'YlTim~
.. 	 u 

. 	 ., 
~1~9i'rl1111U11111~ ij~ LED ~-:jltl'U-:j1'U 1~ml~::;~I'lJ'U 1,j'U fiij i,j1~ 

" 	 'I " 

'lJ) 	 1 flHf1l'.i1~VUI~1::;1)-:j1~f11'jfl1UfJ)J911)J lu'j 1l'1flij~ DALI 9f-:j~ij-:j 1~~lVrl'tyty1WlVi)J.u'UBf1 2 

I~'U yh hlIl11J1::;nutl1flnu1'U11ij'U ~1~-:j1~)J~11-:j1111i ufii1iIl11J1::nu~m'U~~ iiij~U"'1 f11'j 

~1'lJ'Ul1~fl1UfJ)JU~~1~9i'uUU H~lV~1Vfl~'U1'Ylq1~v1,*1U1 1l'1flij~ Zigbee 111ij1~f1l'.iff-:jri1i-:j 
v 

~1'U~lV1vl~1'j {Power Line Communication} ~-:jltl'U-:j1'U1~V!!~::;~1'lJ'U1,j'Ufiij1u1~ 
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" .. 
~~-:J1lJ l,)uu ?l'llJl'H1U 1 i 1hJ ':i:: QmlflU ?l'llllJYiYi if-:J ilii~ritl?l'~N i~l~lJ mjN~ ttl ':i 1:: ?l'llJl':im~lJ 

. " 
?l'lUatyq!1WI'Yitl~~ ~-:J':i::uumUfJlJlI?I'-:J?I'lN i~mh-:J1h~'YIif~l~lJ ~-:J'VllJlI~1h::'Y1 if~n l':i'~tl ~-:J-:J1lJ i~ 

. " . 
'lJ~llJlff':il:l!ff1Ml{ ~lJIIUUU~m?l'?I' DALI Yi~\PlJlJ1~lJ~dMlJ'VllJmtl1~1?1'~tl~Yi 700 Ul'YI/~1 

"" - I "" "" :I!'I'" ", " ':i1U~::ItlU~QlJ mw tl':itll.l':i1f11'Yl ')j'! lJ U~m?l'~II~::'YIlJ1Ufl1UfJ lJ~:: 11?I'~-:Jtl~ lJ .fIlfl~lJ1n 

" .., " ~lJUUUU~~l?1'~ DALI 700 Ul'Yl 

.., " cJ ~'11 "" U~m?l'~l1nlJ I'YI ~ n'Yl1 (':i 1lJ?I'~1':iVll~ tl ':i) 150 Ul'Yl 

u~m?l'~ijl~n'Yl':imjmf (iliii PFC) 250 - 300 Ul'Yl 

Q.I ~Q, d ~ d'.c:! 

U~m?l'~tl1~n'Yl':itllJn?l' (lJ PFC) 400 - 500 U1'Yl 

.., """ cJ """ '" i ~ i " U~~l?1'~tl1~n'Yl':itllJn?l'l1UU'YI':i ~ 600 - 700 Ul'Yl 

t I It" 
~1':i1-:JYi 6-1 1I?I'~-:Jm':il111uulYiUU':i1f11'\Jtl-:JU~m?l'~ DALI Yi~\PlJlJ1~lJ U~m?l'~lIuu~lJYiii'\J1U'lJ 

lrltlYi~nw1nnu1U~~l?1'~ DALI lJl'~-:J1lJ ~1 -:J' lJ Mtl-:J~-:Jiill?l'-:J?I'11-:J~ln.fllUlJ tlfJ' lJ 'lf1-:Jl1m 

08.00 -16.00 lJ. l~lJl1m 8 i11lJ-:J~tl1lJ ~-:J?I'llJl':ill~~m':i'~tl~-:J-:J1lJ~-:Ji~11':i~lJlW 50% 1~Uiifl~':i1fh 
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.fIlflNl.Ilfl fl. 

#DALI Ballast 

mainO 

Initialize _systemclockO; 


Initialize -portIO(); 


Initialize _timerO; 


Initialize _ comparator(); 


Initialize _interruptO; 


while(I) 


status = get_lamp_statusO; 


if(status==fault) 


enter _sleepmode(); 


else 


if(recei ve _ cmd==true) 

receive = check_cmdO; 

if( recei ve==address) 

needJespond = compare_addressO; 

if(need_respond=true) 

command _ vectorsO; 

execute_commandO; 

endif 

endif 

endif 

endif 
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comparator _isr() 

do 

deiayO; 

getdata(); 

until (dali_frame_complete) 

receive_cmd = true; 
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#Dali Master Unit 

mainO 

Initialize_systemc1ockO; 

Initialize -'portIOO; 

Initialize _timer(); 

Initialize_comparator(); 

Initialize _ adcO; 

Initialize _ uart(); 

InitializeJcd(); 

Initialize_InterruptO; 

Initialize dalibusO; 

while(l) 

if(receive_cmd=true) 

command_decodeO; 

command _ execute(); 

update _ display(); 

update _ variable(); 

update_modeO; 

else 

mode -'process(); 

update _ display(); 

do 

read _light_ sensor(); 

analyze_dataO; 
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send _ dali_ cmdO; 

until{need _adjust==fault); 

endif 

uartjsr() 

receive_cmd = true; 

isr _flag = clear; 

portjsrO 

decode _inputO; 

receive_cmd = true; 

isr _flag = clear; 
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coariment 
) .' 
". I'?: 

Description Designator Quantity Value 
Price 

I.'unitl 

Cost . 

III 

DGI06 Diode Bridge BRI I 800V 5 5 

MBS-4 Diode Bridge BR2 I 400V 5 5 

Poly 275V Capacitor CI I 330nF 5 5 

Mylar400V Capacitor C2,CI3 2 100nF 8 16 

Ceramic Capacitor C3 I 10nF I I 

C4,C5, CPH, 

Ceramic Capacitor CVDC 4 470nF I 4 

Elec450V Capacitor C6 I 22uF 12 12 

C7, C8, CII, 

Ceramic Capacitor CI8 4 100nF I 4 

Elec 25V Capacitor C9 I 4.7uF I I 

Ceramic Capacitor CIO I 220pF I I 

Ceramic 1000V Capacitor CI2 I InF 6 6 

Multi 1600V Capacitor CI4 I 10nF 4 4 

Ceramic Capacitor CI5 I 220nF I I 

Ceramic Capacitor CI6 I InF I I 

Ceramic Capacitor CI7 I luF I I 

Elec 25V Capacitor CI9 I 2.2uF I I 
" 

Ceramic Capacitor CVCO I 22nF I I 

Y2 Capacitor CY I 22nF 4 4 

IN4148 Diode DI, D7, D8 3 I 3 

MURI60 Schottky Diode m,D3 2 600V 4 8 

IN4148 Diode D4 I I I 

IN5242 Zener Diode D5 I 12V I I 

IN5232 Zener Diode D6 I 5.6V I I 

IN5231 Zener Diode D9 I 5.IV I I 

36FG(L)R Fuse FI I 3 3 

L6561D Power Factor Corrector ICI I 45 45 

Transformer Choke 

EH20-0.5-02-18M Coil L1 I \3 13 

KVI0258/257 Transformer L2 I 45 45 

KVI0151/152 Inductor L3 I 2.3mH/3 . lmH 45 45 
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,
Comment 

" ~. 

'~ 

Description Designator Quantity Value 
Jf 

.'j; 

Price 

:~I.!unit) 
Cost 

rt) 

IRFS30 

N-Chalmel Power 

MOSFET MI, M2,M3 3 13 39 

ACUNE 

Terminal Box Spring 3 

Pin PI I S S 

DAU INTERFACE 

Terminal Box Spring 2 

Pin P2 I 4 4 

BJTNPNSMD NPN Bipolar Transistor QI I I I 

1% IISWatt Resistor RI, R2 2 6S0K I 2 

1% I/SWatt Resistor R3 I 7.5K I I 

5% 1/4Watt Resistor R4 I 470K I I 

5% 1I4Watt Resistor R5 I 1M I I 

1% liS Watt Resistor R6 I 22K I I 

5% liS Watt Resistor 

R7, R13, R14, 

R21, R24 5 22E I 5 

1% 1I4Watt Resistor RS I IE I I 

1% I/SWatt Resistor R9 I lOOK I I 

1% liS Watt Resistor RIO, RII 2 S20K I 2 

1% liS Watt, 5% 

IIS Watt Resistor 

R12, R34, R36, 

R37, RDIM 5 10K I 5 

5% liS Watt Resistor RI5 I IK I I 

5% I/SWatt Resistor R16, R30 2 lOOK I 2 

5% I/SWatt Resistor RI7 I 1M I I 

1% 1/4Watt Resistor RIS I O.6E I I 

5% 1I4Watt Resistor RI9 I lOOK I I 

5% IISWatt Resistor R20, R35 2 10K I 2 

5% 1I2Watt Resistor R22 I 270K I I 

1% I/SWatt Resistor R23 I 470K I I 

5% IISWatt Resistor R25 I 47K I I 

5% liS Watt Resistor R26, R27 2 IOE I 2 

5% IISWatt Resistor R2S I 4.7K I I 

5% IISWatt Resistor R29 I 2.2K I I 

5% I/SWatt Resistor R31 I 360K I I 

5% liS Watt Resistor R32 I 75K I I 

5% IISWatt Resistor R33 I 750E I I 
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I' Comment Description 
;~" 

Designator 
, ,:'~; 

Quantity Value 
Price 

(./unit) 
... 

Cost 

(,) . 
- .' 

1% 1I8Walt Resistor RFMIN I 39K I 1 

1% 1/8Watt Resistor RIPH I 18K I I 

1% 1/8Walt Resistor RMAX I 33K I I 

1% 1/8Watt, 5% 

1I8Walt Resistor RMIN, RVDC 2 27K I 2 

Res Varistor Varistor RV I 4 4 

PC357NTOpto 

Phototransistor 

Optocoupler UI,U2 2 6 12 

PICI6F648A-UP 8-Bit Microcontroller U3 I 60 60 

IR21592 

Dimable Ballast 

Controller IC U4 I 93 93 

TSIT5 Lamp Terminal Box 4 Pin XI 1 7 7 

PCB Board Ballast PCB - 1 190 190 
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-
~~~~ 

I ~~~'~.{111­-"­ '·· I ,~""",,:·,·~<r:;t : ~:/'~. 

Cap Capacitor CI, C2, C3, C4 4 luF I 4 

Ceramic Capacitor C5,C6 2 15pF I 2 

Ceramic Capacitor C7 I 220nF I I 

Cap2 Capacitor C8 I 47uF I I 

Cap2 Capacitor C9 I 470uF 2 2 

Cap Capacitor CIO, Cll 2 O.luF I 2 

01,02,03,04, 

LEO LEO 05,06,07 7 I 7 

o Zener Zener Oiode 08 I 5.IV I I 

Full Wave Oiode 

OGI04 Bridge 09 I 4 4 

Fuse I Fuse FI I 2 2 

OCJACk ]I I 4 4 

Header 4 Header,4-Pin PI, P2 2 2 4 

Header4H Header, 4-Pin, P3,P4,P5,P6 4 2 8 

OALI Bus Header, 2-Pin P7,P8 2 3 6 

Header 3H Header, 3-Pin, P9 I I I 

2N3904 NPN Transistor QI I I I 

RI, RJ, R5, R6, 

Res I Resistor R9, R12, RI5 7 680E I 7 

Res I Resistor R2, R13, R14, R21 4 10K I 4 

R4, RIO, RII, R16, 

Res, Res I Resistor RI7 5 10K I 5 

Res Resistor R7 I 470E I I 

RPot Potentiometer R8, R18, RI9 3 10K I 3 

Res I Resistor R20, R26, R27 3 2.2K I 3 

Res I Resistor R22 I 7.5K I I 

Res I Resistor R23 I lOOK I I 

Res I Resistor R24 I 22K I I 

Res I Resistor R25 I 750E I I 

Res Resistor R28,R29 2 22E I 2 

SW-PB Switch SI,S2,S3,S4,S5 5 2 10 

LCOCHAR LCO 16x2 CHAR UI I 160 160 
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PICI8F4550 8 bits Microcontroller U2 170 
 170 

4-Pin Phototransistor 

PC817C Optocoupler U3, U4 2 
 6 
 12 


LOW DROPOUT 

LM11175.0 REGULATOR U5 19 
 19 


12MHz Crystal Oscillator YI 5 
 5 


EL7900ILCZ Light sensor 4 30 
 120 


400
PCB PCB 2 Layer 400 


2200
Zigbee Zigbee Module 2 1100 
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A Fluorescent Lighting Control Systeln based on 

DALI protocol 


Sarawut ~hjsru~thin, RDwil ThirllVirOjilJl.!l and Ekachs i Leelar!IBIDOe 


El~trtcal EngiOCCTtllgDepartman. Cbullliongkorn University 

459 Phaya-thai RoodPatumwan . Bangknk I fl33() Thllil.!ind 


Emsil d;cll QI@b~ cpm, tbirayjmi.wa''i1Jotroail cgrn, c::kxchsj l@Cbul.a ac th 


AlJrlm·ct- A 1ft /If h:anlw.,." roc di.liDDiD'i Du .... esc"-n.1 

... b.tdlilt DAU pr<Jt<ldl ildndUpH. Th.~tLt IDC1ln:ilru 

or..-u.1 DAU deocr.runlc b:aUsband. DAU lIIIIi~ u·n il 

UiR1l~ tu .. lWei "I... diRl..d dalIlIJlD, Up hI'" ~1..1lI calt 
hi! .d.drthtdi dInor' IndlddUIl1y 0" k. oneill" 16 .""'p". Varluu. 

16 bib Ili,btlna C8n.lnll eommltd:i t"ch ill dimml"'ll, Ia",1' 

OInflallrMlo".,d qu.t .Q carn "tl_edby th. m it..... III tru. 
tr.lJ..n . To flldBl.IItt ea.e ur!{le *lUI simplify th" h:.onIwort., l.!te 
lbIIit.rliI daliaall.8liru.. wlthll ,,",""11.01 COlDput .... v ia wlrel ... 

ZItIbtr ISIiidlllCi. lkiih D'\LI hoillail. ond mai!<'r a,." dno:lopal 

wilh .. lawCGIIllIDtruolntl'Clllu. S.Il'cl~ . ~it~ can be depl(oyro 

ill hbp:rOYO! Ii&btblll, tJ\vjro .,tI,,,tllls wtll ...... kti tWtrl",,1 

muay. 

KI}-.b.-D,aJ. £1ItDouJc &ti1.:1.~ u,JuJ", Cms"'" 

I. INI RODl!CnOK 
DALI {I] (Digital A~le Lighling Imerraoe) i~ a 

p-ot;>.."Ol for lighting c'1ntroI3u..~ 10 lEe S~rd 

~9. 1t is y,;dely u:sed in home 8lltoolat.ion ar..d illt.!lIigenl 
living 10 provide com fori and sa..." energy [21. \Viih goo:! 
Ilexibility, low oos;u nd eJS'eofimpiement3tion, DALli:; 
used tOr JjsJtt~ooratioo in bllildi~ and oontnll of a I"rge 
:area. 

whu~ " I" rep_ ti a9.5 to22.SV!llld"O" IE~ -6.510 

6.Sv. DAU commllnds are 16 bitiiy,;de and h.avC! the foml.S! 
~ shown in FiS-2 ......len! A d.:notB an addreB.. A DALI 

"1>lem C3I\ ~uppon up roO 26 Dr 64 s:bort sddnsses (deviOOi) 

SlId IIp 100 2' group ad.:1J\so.: J, (group Df de't·ic;s). 1be 
00llunarul::i ca.n be dividOO inIo " gn;:ro;ps. Thoy _ 

• An:: ~"''i!rcontrQl fOr changing me intensity leY,!.. 

• C<lltfi.g!u'atioOll of the device. 

• Query tar getting the mttus or device OOIIllgur.ition. 

• Spe<:isllO iAitial ize proce;s., arrange DAU bus s)-s:tem 
and ele. 

"""o-.,c_ 
.t:oiiii~.--~f"; i~ 
~~.. ___ .. ~: -4­ ~-:._-'!!!:m.__, 
e.tl _c--. 

' 1 ~;.;.;;a --~; ",'ttttl' r -~a.Oi~'~lL _c _____ ____-1.1~~: + ~___ ..I2=~___.J 

Fig.l BIDc1.dj~ofl}AU Syill:m 

A DALI ~'5teD1 such ti 1thoMt'lb in Fi~ 1 oomi>L> of a D ALI 
maim and up 10 64 Dill device5! COItIk'lCted 10 ! 2·wire 

DAU bus. Devil.'\!. emile an LED, f1l.1On!>lCenr ismp, Iralogen 
ismp, etc or any combiJl3lioo of~Ol. A mast~ c.an add:r\l iS 
t.lch or a group 00.1 devioes by sendill;g a DA U COtnIll1snd, 

Tlli3 "'00 dlewiOOs311 ~rnbedd.ed i)"iIe!l1 implemenutiOfl 
Dia DALI system fhr rortt:rolli.Rg fl.ooreSllelt tubes. II COJl5i :itii 

Df s DALI rnasrerwith Zigb« modul.!10 link ""ith apasonal 
oomputer~a $'Cl ofOAL! CI~fOOi.c b;;iUlI5tL TIt.a 
doevel.opment D1'a OALI mtiter is deir:ribe.:i in Section D 

ioliDWOO by a DALI elll..'"IJOOic billa>! in Section m. The total 
S)''Stem i$ Deited wit:b the eneI'8Y measuremenl in S\!Ction rv. 

Ii. DAU MASTER WITH Z1('.BEE MODULE 
1'lt.: overstl pictUNlofthe ~Ioped DAU s)"iel!! is 

sh,o"'l1 in Fig,3. Here all ~'ice> SIll DAU electronic baUas.u 

for tlllOl'l!iCent 1UbI5. Thoe DAU ma.ur is dBign.ed to operate 
B ~, commoo l'tm.."Iion:s su:c h as incr-ea;ins;ldecrea;ins light 
iIlr<!l'.1ity and s~le-.:ting a ti\\' S~1Ifi. However 1M full 
ilexibility of DALI programming fin~tbn:$ rudl asdevices 

177 

http:dBign.ed
http:rortt:rolli.Rg
http:rnbedd.ed
mailto:l@Cbul.a
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IC·ILiES 20'11, Pattaya, Thailand 27·29 January 2011 
configuration c.;Ill berepml!I'aillfl1 ed thnlU'gp a com pUler wi th 
!he mo: of Zigb..~ win:liS~ mcx!ule. Tlli.. spproacl1: crahle.> .l 
simple Iutdu.'lIl1! i.m.plem'::lmnion. 

rc.M;t;- --"C~";I- -t f----~--OAUCO~I---- --; 

,, 
I 

. . ... -_ ................ ' 

1M internal Struc1'Uf1) ofthc DAU m.uter ~ depiCU!d in 
RgA At the heart i:i aPIC l6F64&A g bit MCU ",ilh s.imple 
L10 OO-LC2S Pl. The Met] nJiIIS 814 Mfusnd t.au 4 ICB 

11M memory. Other paris ar'eoptic&l t~iveJSfor 

tr.IlWni.tting and n!a:i~·ing dal3 betwun DALI husllllod the 
MGl!,5wit;:hes. LEDi 8IId s 2 .4OHz Zigbee module for 
a>mmunicning wim the computer. 

FiJi.': thrd~ Ilb~ Di.r.,!?,=oh DALI }.(~I:T 

111>? DAti .l.in<Urd lip0CifiiS tItat a DALI dao.'ic:cllw a 24 

hit inti!1I'.Jl addrai" H~rw:e, iora DALI iis.tem with up to 64 
de'<'icu, tlb!se internal 8ddre~cm b!l !f~nerated l3IIoOOmJy 
\,i thoa 0011 iding each o.th;:r. h ;, the wk of the n~ to 
~ for ascii aMrei,'; aoo sssign 8 6 hi t mort add:reu [0 il a> 

shown in Pig.2. 'fh.e seart:h a1goothm implcnunted in our 
de'<-.:!lopediy.iWn \mH bis..'CYOO metltOO described $ 

nHows. 

The mas.1e r repeatedly s.end5 out addIesses 8lld wai ts: faT 
an affinrurti~'e nsP01t5:il from a de\1~ . SWting ill FFFFPF to 

covertDl! entinl a~~psce, tN! surched lldilttS;ispa.!:ei~ 

il\Cl'l:as.OO ordccrilSs«f by hosl( At. tN! end of the 24'" cycle, an 
tm,SSigned deyice ...·ilb the lowi!:it !IddIUS wil.! be detectOO, 

iliiigood and pro!l'ammi!d with a ~ addren Thi.. pRX:eiS 

gOo:!iOll W1til all ~'icei in tlb!? i)S.U1'1 are SiSignoed. 

Fi~ displa)'S tlte flou' chart of the pt'OlfT3m executed by 
the DAU ruan«. lnpull.'Offil1WIId:t can be obt3inl!!d either by 
SC!IJlIlng the ill?uu,\,.'itches: or biling-tnterruploo by tIt~ 

Zigbee rnoju Ie. C-ertain oomlY!3Dds require r!>.at tlte· ma."1er 

a>sembl~s and IJaI1$mirs DAU oontml ().')ffiffisr.d to the 
b311&ils.. Thili i.. illlU.Wi!ed in Fig.6. 

Fig.S DALII1'..utcrRlftwo:re t'ktwd!ut 

Th 16bit comnUlBd ibta ",im the it:rucfule ihO\m in 
Figl are frsmed wim a leeding s1Brt bit The ,"'bole fr:une i:i 
then sltifiedoUl at 1.2 KHz clock rate 10.2.4 KHz. bi-ph3>e 
genO!l'3tOf' which driv~i the DALI bUOi through 311 opto­

isolator. 

DMJF...-.!Ffurno 

~2t(H1.­

-
m. A DAU ELECTROKlC BAllAST 


We deo.'elop an electronic hal LSit ba;i)j on Ih~ design 


tefe!en~~ fromMlcrcx:nip [4J[S] which is sdimming 
e leroooic baUlISt iUpporti Il8 DALI prolOOOl lu block 
diawmn is shown in Pig.7 with an sppesr.iJlceShooWB in Pig. It. 

17S 

http:il\Cl'l:as.OO
http:inti!1I'.Jl
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Fig.B Construo>Odelcctran>: b..tlutli<>r dil1'=ing tluan :O:<ent tub~ 

The ballast fun'Cti!>n is implemo!ntoo bysn lR 21m b3Util 
co1l:l!ollermip 1[6J wh.i.ch ~a QS-SV inptrt to "'MY 
swill:hlnig frv;-~y boltwNIl 20 Kfk and 100 KH zof the 

~If bridg~ oUIpO! ~ta,e 171. thi!f~by cflsnging t:M indUoCtSnce 
in senei with IDe I~mp in ooIarw control the light imelt;j ty. 
The DALI i.ntcrf~ ~ an opto-i;;o13lor with a PIC 16F648A 
microoontmUcr (3J to dccodetlte DALI protoc.ol , ~ and 

gmera!ethe an~IO'g din1mina vlll~eto tile !R21Y1l. Otoor 

blod:samjrm relalj)j rapowuelectmnics. TooK bits DALI 
power amtml ~Iows 155 Irvel5 oflight int~ity [S). For 
!l.~ lamp., t:hese.leveb Jr;: given by the fomulls. 

..... 1 
--I 

%[ntetL~ ity = lO'Sl.IJ 

N . TESTING At-..'D COKCLL'S 10K 

Thephoto ofLhe DAU mailer with Zig~ mooule is 

shown in Fig.9. It i£ uso:I to control 4 D ALI electronic 

1EI1llStS for comrollinl! T!l36\V tlUOl'lS:eBt lamps as mr.,,,u in 
Rg . IO. 

Ughting control i~ done throu,gh :tomnputer "'ith 3. Zip 
oM/Ie \tiing Glil ai ihow in Fig. II . Lamp inl~r:>ity can be 

Thailand 27-29 January 201 f 
oor.wniently cm!rmllcd individually or in gro ps.. Spi!Cific 
~IW" e4f1 be sr.ranged. 

Fij.1I GUlafDALI,a::.:rc.I 

TsbJill ;;hows 1M po....-er COJUumption of ea!:h l.amp at 

aiffctenr inteniitiu an.d th.: po....~r t7actoroftlbe ba\las.l. This 

table sh:o....'S ltow much ene~' s31ii~ can be achieved ....:ith 8 

linuning b3l1tit. 

Table I Ball.ti!effio!ocysr dii!\i!rent int.eIll>Lty lewIs 

lnJeruity Lamp Power pC)\I;.-er factor 

[00'% 37 Watt 0.9& 

KO% i 12 W3tt 0.95 
~O% 20 Watt 0.89 
Hl";', 9W8I1 O . ~ 

In conclusion, 8 f1~nt Ijghting rontro.1 ~tent is 
d.!velopold that mpporu DALI protoooLTho! system can be 
I'mgrlmln.ed 10 dim thoe liglt! in ordetw S3V'e el.eClr ical 
energy. By a:1ding:run light s.!1ti'01S, " DAU OOlltrol s)'Stem 

th::nautomatic.aUy dimstbe floorelCeOt 11Imp$ wlrenilierei.r 
pLentyoi:ill! Iigh:t can b.'! implemented to ~vecnet!!Y. 
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Abstract 


JWr~ d JigJ1f cor.!,clM1w _lhod ~ '" f~=r":: ;:r S"'~! 


df",,,, 8!e S'N~ ",~d. 7ni& m .. !Ilod '*"'" rot e\'fed'v~, 


~-sp::rd c · r;e UISe1 ne~d Zit ,he pFe?-'1 ! *r. e. l'hi.$ ~!l&!d? hM 


bae~ an DAlJ pFaa:do. Tm -s-f'&~ ja I.:a' CQ.st ~~'e, 

~, I:> Jr.::a<J ard corr.blll!>!/ c:p~."' . It i& 5:i~'" !!J apP!,,"9 

b har.". .~!"",.ax..,• . Grct><y a"'; ~b~" r.g . 

"'"'Ih It'ClJ 
iht"ftUo DAti, U11.-ll'!tl.l:li. (icmI!!llOllcrnafufl) 

t 1J\'l1l"l 

n"m~V\r.aJl.jI\'l Ulp.!LLtI~II-11--1 ihnf)tl14i~ ~~~ 11..'!l ~A 

n 'U'mJ'VJ~tJ!.'ln<l:m1ulut~u~_'fl111~::j·",nUI111LillI 

tlA t;t.fl9111\1 n1fM\J'l.wf~ni'l'lhhnll·a I1ji.tltJi\t:le~,(il 

ltl 'uil h~n1flJtI~~\j~~Wfl10\U'''tJ ~hut1.\.in1t 
un:'.llr"\,U(H1U "11~tI:::A'lnh:n1.1A.'ltJl\.lJ \Iff! 

I\ru.ln!!lf\.l:::1h~111l\: n1f,Jiyj n11A'ltJf\)JIl.tJI.J6j\~\':~ 

m,,::j'n~'lnrr..llyjfh ·lIru~'ln:r.JII'l1IRf 

""'11~nmfw,,,:n· tni!J 

Bkachal~hula .ac . th 

&..;,y~ ~\.t\'jjn1n~~\n1::ti'.JR'l1J'Il-71lu.tJI..rt~IJ'ILLY~.l 
n11HII; l1'1flun1f 1I'l\JI\.!J~~tJ~fl !hol ~~'l ,:::1.11.1 1I'l\JI\.l.! 

~ .ILl.lJ'..JIl!!'Io"llEln 1- lOh~1 L~n'lrl\'ll.J'lJJpJu.w\Nl~ 

\lftJII'nlJiltJSAnu1u ~ n1 ri(l~1~~'HftJ u.wl-.l'I'l" f~ 

;~ 1Ii 1 -10 ~flili1'\11t'.J'JM:;I!Jl\'l13Jt1fl~'IlfI~W1ItI~.'lvl 
~tJ r:;lttJII11 1J11"h~ :::LLU:1l'WI N tf1Ju.,~~\.I\yj·flN ~tkI\11~ 

'bJ f:::UO..JII·I\JI\.~U.~..JLLflV'ult1n~ji'Ml II'l'l»htJ\!fIHru".J 

LL ~in1'1~7 :::'.J!:Jl'I'll.J I\.l.UUJ'.JU.fl1..'1tl-e ni!~~1tfll ilN Y':<,.:;1~ 

'l~"'"'l\J'llMiL1flJ!e V,ffI) ~'\'I'\wl1 V,iltllli11li:r:;tJ \j';iIl'YIl.i 

ilJ~tlftflolU.fI~vt9\.l'1I.4f1,m.i,:j U:~\litle~'yj5X1'.ntl'.nn 

LLII :;'Wa:;.!I'l n1 \.In Ud1~f:;!nJII'l !Uf\!J<l1n a"1 >.i nll1ol 

Uti n'.~nJ,.ln'M '"'ltl"l:IU.!:J1JLL9U1i tlnml..tmnJuVtnll'''1 

.n~'[IIolhJh:!l.!JntnIm' ·ItJ1n14ta\:.r'LA'u;tJ ifl lJ141 mn1t 

yf"'l\ntilitlllltlSIVlUf\1lU.rI~«1'1~ u.lJ'..J~w,fld1J L'It.J OMX· 

512. OSl(Ooig.15. S.i-!J r.al Interface). [}AU L~~ il!!Ju.1i 

lI:::ithh 1If11\<t:::Ilfl \,y)'hJll2:::1l nll'lflUol ,V)( u.J!Ofh~ Ifu 

\tJt~l\fll\ OOX - 512 .. :::It•.nnh:<<'l....~~n·ull'l1J1\.1J 

':::'JI..J'lrin,yj tI'lultJiLllllflfl O,~LI L~hMJI"fltl i1'o!fJ 

n"""!JI\~u.Mt!'h."v;1~'\n1\;.~\o \1Jl~'\W tHI'Hl'l'J'\fi 

n1UI11 u.MfI111-UmULW..I LLfiI :::ml~,.tfull'l,\l-~ mnn;'..; 

1U'J'~Lde~1n~M!I\1tJfI!h.lUu.n' 

-·.I1mffln11j\" i"L~~<rInl~1tJl.'\J'V1rul\W~l\fl-lLt\\J 
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• mmftlUUVIHLfi :::fi,\\lIbmt1i~jltlf;h~<Htun:n1lK 
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- tI~.JII~i.a'.nnn11 2O!i ;"i~ 

-ft1 ~ ,\1 n"j 1'tJ.1M\J'I!fl1)o1~h~'lA:'JiHuu!::: U'lYi l'lil:J \'lI il ll 

I'IIlfI£Jlflil'!!'Jlf,",~"'''~''I\lfl'.JUM V/ltIHl"~IH~J 1rJ._A\ : 

tk'itJ..:lt.:Ji'WUt:::LY'.II~n'lN1Lill.h!tU.II'£tf\ DALI ).J1. 

1~nt.ilu·1.,J Ii. tcr}'fl1u «'Hll\l'J r.; IYiA1Y;1l n11 H~ '\vd'.J'W 
u\'liv,1I "bIJ:J1J11l'!1~'U 11.J\J M 'l1UIHr1.J~.J~",\L1I1..'fI n1 f 

~lOJW1f ::1J~1h \ltJ II,}!.J ,\l.I uti.J lI'h~ 'IHl~\H\£h~I'II\.!l!l LUI 

L'IIWf'lI'IulID!JI"!lfl DALI ~ujjn'\niJl!lwli!J'lhlJi"1 1J 

U;)oe.e l.l1Ut!"!jn£l~ 'l1J L~ l~lJI\ 'l1 :..;iil'lv.~l \J11 11H 

...... 4Il 1!
2. flq'1!/!)flLn!l'l1ltN 

2.1 ttl'ft"fI1Ia DALI 

Q~LI tkl~n<\1n Dig Ad::hessao5e llghtrog Irrt.?rtaoa 

{1] I !J\JhJ :h"'!l II tfltl1 Hh '.Ih fl tJ n f Nil 'l·\JIP': 

flLt'ln"',ffI~/(EIe:;trar;..cConffol Ga=:rs l L'i!\I Ull\'\fiif l'l 

I\'ItlI\)J'"ta"L~UM LM!.! ItI1~JI'£tf\ DALI 'inutt'jH' 

l \M1J1fl"'tJ IEC6<m9 ~ E.4{ tJ U. N«~.J\~,'\t1'Jt).J 

:::1J\JLrlvrJUlAJ 1..'1tJ - \.h'l (m-=.ster... : ..'a' ll'.Jut\A~l'..: 

ttJ~ 1 )I!lIl1l:ntl~{J{\h"\J1~'Ii!l ' 1\;"t.h:::n£lI.JA''l1l 

"'~ i./,f\:::UflIUIIHI L~M'ltJ'I).I!...'!l~1Il£\'1hhUYl'\.,J DALI 

OilS "J1J111 2 Llu ft'l \''')Jg ~IILrm<\:::''!l!JftJ~~'f\Ilf\:::Yn 

n11i1·"'l"HI!l!.JLI!l"LlI""'}""'Nrr~!l.JIl~LfI.J~'W ~1i1'N~ 

"':::iIM"Ii!lum.~w.,J1i1i.JUfI~j\11.'Ii'l~ ~"\hlm~.. :::il.l 

il'J1<.,;,i~~ 

- --::=1 

I 
! 


._ _____J 
! 


atli' 1 tM~.mt"mf')1tl'I'iWm~·1iutJu DALI 


2.2 !UlI.UUn"lfa-nlI"lf 

mfaaft"\i<J£J~ DALI "I...Il-KntJiflj,\!1fU 2 Lff", ~Il,;"rrl\ 

A'n:..'tn·,lUotJ 3Cf.) LU;!t 1l8~~~wruf.,JLi.il'il.5 - 22.5 Ii 

31 

fttl~fllIi'u!lh iai ~ .5 - 65 V ~1\"IWLhl·.i1l\t~1I1f 
1200 b?s 1JItJI\·;-j.M~R~·fl:liiluml'l! -"I"Ji\I.'\Iry1(\j 

UUU bl-p ' sa -1) ILl'IMI.Jr • 2 

~o9.&22.5VOQ: ~1 

• 
,• 

~v,. · 

~33.33 uSec:+63333 uSes;-] 
~~. 2 vJUUtJ'!l~.,\!!y·ml Il.\U 

,.; '\i.JttU~'Ii"':;ll.n«.H{!ulLlJ'Jlvlr..., I!.Ulil.gniA'l~"': 2 ILW 

U'urifo~liafd fra.ne (li.l"l1nl./TIILlI£JfL1Jl'ILfll'I) UfI::: 

bcGkwa,rd fra'!le (~"I1nftlft\~itl:J111UII£Jf) fo!\'.crd 

frama lI.u.,JK~pJib :Jr.:n!l!.JJ\'1l1!j~ Li-":~\J 1 llll 

U.'!lI\Lf\f~ 8 Ul'! Ihil 8 t1l1 Li.ft~'ltl.II 2 ~ cack"r.ord 

frame i./,fu'-4I~~ 4~r.:n£JuK"ltluj\ ih.tltJ 1 Ul'! ~~tI 

lffiunl~8~ Li.fI~il1f.tt" 2 nil 

'1 hUl..,tm I 4',..'....,.,.. 1""'1 
1• '1+1.1.1.1'1' 01' 1·1·1, 1-1 + 

-----u1J1flflfU~ 
ztlif 3 DALJ fa.-m,ld ff....,.,e 

vJit 4 DALI ~wa;d frame 

'h.J,lAAlIfl DALI 'IIi:J1rn:il'*.:nttJnm1lA'~~l'! 641f1 (64­

sto.1 a:i:jress) LlfI~~AfttJnrn./iftni\ , II: 10 n~ ( i6· 

gJQ!1p ad::lsass} ftW'JII 1,,".:ltli.J!...'1nn·1'\ 2fX) ~'\i~~lI.t,j~ 

1l1"LfiJ 3nti~1'lf\h 'lAu.n 

1. 1i1i.Juf!.Jf:::I1.!"'11UII ..rw'CAUl'IN (D:ir3ct k 'C pcwer 

oomrnand ) Irlwhil '!lU1.~ 6 WI t\1)."' fCl~"...n:::.lwwu.! 
II 71.J11 256 ::;i:J lIIUL"l1\1~Hil'~'f1 "u'TJ\iQnri1w~tI\tJlii 

l'i1r.~U; effada lime 

2 Mi.J~ ilt31\J DALI u.:!~il!lnlA' 3 ft')1.. \A'lIfl' 
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2 1 ~1i~1\1 \JlI.lJlI'l"I!J !\-n~ (looj'ac1 AIc ;:c,' E ' 

romm s nd} L rh:'hi~thv.ftJfilV'1.J llt:Ju.!..J'.Jn1:1J"1\~~U.M 
lI'i1~.rJ.f'tll\1~ 

22 Ihi~~I\\ (Col1flQunsfDn co mend ) L~ Ihi~1 
L~!l Ufj ~IILiI~ 1i~~.ysn"'1 Vf\1'1 jj~lI~fvM)Jg~tlLfI~ 

2.3 li1i~L1tJn~i1{QlRlY oommand ) th1,..\fl.JL;'1Jn~ 

1I" wnt1ilL~flflm~~« Lfln 

3. 1i1j~YlLII~(Spe:..:S command) Lil~lhilti1'Ai'.Jn'1r 

(~Lliru~U.flI'tLl\tl'Ilo).~.A'e~·IILIi~ 

rJu.U'..Jfl1frh\WI\LIfJ"Ll\tI\LJ.ft::;Ii'li~L!.u~l~r~ 5 

2. 3 1.1 ft'fIn"l" A"l tJ FpJ M"l )JtII'i"l~ 


bJf~1\{11\ DAlI ;:;li1j~Uftil\'l1 l.'1I11..3"I.rUI 1 b~t1r~ 


U 255 r~i1.J I~ ~ 0.1 - 100 % Iilt.ntl.tl~1nl\).!n "1·7 

bgarithm dlll1m g C1JIVe ilJ u.u~A'~I.:·n1-rV1 1 

__I I 

IOmil%/nJerulty = ­

~tAtJ~ n ~~fdUI\'l1~1\'1'1-lLUJ i~I~~\';lJ1 1 'ul .. . 
1 

~u' t -2.54 :('l~'111rU:n; 0 v:~.,.tJii-.l ~irl U.fI~ n = 255 

IUI1tJ iI.lhhi'n,ntliltJuu.ulI . .u ::i'UI\'l1lJft'i1~n f'ln 

fr41llll.";l.'{ml1'N n~.J % Intermy LJ.f"!!~~rJ~6 

If_......., 


L'lIl ,~1.-tl'.Jn 'l,..iJ.."'nr.:lh!A,}l tll1~u..<\l!U\lM~f~~ 

~~n-If Qnrhw...~~tJ lh fcd., Ih e 1i,l.11tl.L1Jlf.l·I\ Wl1.ni 

2 UlU x UM 1\ 4l1f1 ri 1 \1W1'~i~LJ.II· 1 - 15 l'I1t1iiLi1flf 

1\·':~1i1i~MU~l:!I\'l 'lIJM·1~!J1~Ii-,j~L,r.i Ihi. STEP UP 

~~')':'lJ'ItJii~n11tl".Jf:::l\J~'1· ' 1\1'1AwLI1l.iL1·R1200 ~s 
tl"1I11L1'lh.1fl11 Y,1"' ~ri1m1l1lAtJl'h f=de rsle :J~ 

·1\1J.nt[11i11..ntI.L'~/~1\l..'111fYl3 tll~ x L"J1....,,11 4 il" 

ri '!,l\(ll 'A'i~LLJ!' 1 - 15 Yi1ru1Li!£if fada rale 'l:.i'li1fl~ 
f:::'1'114 S57. 716 sep.s!S<!C n~ 2. 795a\aps/s~ 

(3) 

3-. 'Mtl flzL1itl M"lt-WDOlIJ"I 

ph~ 7 u.J1I1~r='.J~enLJ.'U'.Auu.!J.lflgnLrlt.l:3 ii''1'.;.'1i1~ 
.. , J." .:,

1i"IUL!.fnllil ll{) 'lR Z..gb.96 coopj ;r,;;tof 'n;l m\l,'l~"Ya\Jn1: 

t'lhlLl!.1'!lVHI Z.·gbS<6 1I.f(~f.JI'I~~~'Jirft41tm.:l1 !.1 Yt'\.-.l 

'1illl~ l!.'1f..r.:1t£i l.~':L"f!'f ft'l \.jtlflolAo~~ft:.n·IH"~f U.fI~ 

1\·1\..'I'("~tltJft£il.'e~.fiIlLfln ~~Ul'1tJfl:::L~!ljlll'lf"u;'lfw.lu;j( 

R:::;.>;J ~<I::"£i f-o.JltJ It.-l'''lmfkl h J 
~ ~...... ... ...... .. _ ......... _.... _..._... __ ... __ ....' "'_"" __ ____...,
__ _ __ 
1 
I
1 

i
I 
I 

I,
• 
I 

I. 
I 
, 

; 
I 
I 

I 

i 
I 
•

I 
l I 
; 
I 

I 
I 

i 
I 

I 
, 

\.... . .. .. .. . .. .,. ... ... ... _ • •• • ·.n. . . . ... ..... . .._ .... . . _ • •••·••••__ .........._."" _ ... . _ .. 


3.. 1 ~tl~R Zigha.e Coon:linatnf 

tl'\fliu.'im~\iJI)~ zigb-e.:. Coord -tor u.l\I\~/~r_~ s if 

~~ dsP'IC.31FJ25roP5D€ !2j Llll ,r'lW...-nfilJiI hllllrfu 

:"'>!i~IU.J 111LlIflf.h'.l'I'l1~"'1 1!rs1\: zig c-eeluthI.l2.4 GHz 

ztj;{ 6 ~hm iQ ctJ!Vc8 

I 
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U!!JH')'';J~I\ ,"'f2.tjMlma n1N\'lWI}!:.IlJg,!1Ifut\~~~\.t·h:q 

lhu,tM'Wwvlill'lf Zlgbee !!!: ~l4j 'I.'fl~u'hl\~·l ).J'(~~YI 

~'lnl!,je'[h./w.ntnh:;- 'liHHI iI ,,51~rf..!~1-«~1"''lJU 

Mli>WHII€l f '\1..'Y(1..I)J&~ UAAT 

32 LltttWISJ,aLPmf 

)1£\ ~ lIOn ft LtHI t' H ~ dePIC33FJ 256GP'9Yi> d~!1.1/'1 

\l1::~'ltHjfl fI. !lntn[M'€iy('l~~t::n €Iwf''HJ ~€i~1IhJfI ~ 

A ; IJ1Yl tJ. m rf24{4fun a HI 1.1 tf~ { e :[fI If\J z.ig baa 

=rdins.tor 1t;tl1~1'I'l1"'1i' 2.4 GHz ji""'Dlfvl'lIl1'l"if 

2l~U'::. 1i L"J\.iL"Jfl fl'I'IIIM U.fI:::L"J\':L"Ilf~,'l"i ~U~A IIflll\JtJ 

P1R (pasS!\i'e .I~~rej ) 1o\VltJA'111J;" EEFlROM Hi 

ti1 ...fuL~U>:1iI,\M~LJl1e\htJ zig !': €'e 'l~ 'UDALI n erfsC9 

1ft,'.!f..JUft.JIJ.S-lA't; l::;'.!"fl..l D.e..U b1JS ~ 12 t'lfli 1,); 

L\!I..n~:,,~uLlNI1..~~hl • rMAe !.lIYjffHM~~~I1J'H\ .3 . .> 

~fI ·;f U\tJIJ.1.i.lLl:l-..."'l ~.q:m~~ IJ.fI:"hl~t:nl'lru :1,\{~H!/lf 

'Jt)~~"'1ILilgfu.ftA..)l..)r~ 9 

3.3 ~1I';'!fUIIL1Ui 

{~ 10 L!.l\j\"\D1{l\II'lnt!l~ ).I!) ~tulLfll' \\t."ltJ0:~1fllJfl 

\l Kn1~ PIC i 6f67J&:I!3J \\'lh tJl'I·m .."'., EEPROM 1~ 

ti"'Mf\JL/lUI'l1'Yl1njjL"€i~ hJit~J\&1\ OALI 1,,\<11 DiA 

1~ft '.\t!.JIIl.!tm::ltJllft~flll~II~.J~I\L!J\.:L!.Nlu\I'l~H 

L~gll'l~J..!'jfl'UufIJ.!!.!J \.\ita~ U."~~"If DALI .-.t!rl-~ 

i 1 ~r!J llfu f!: *,; II' ~ i'\.If :;wi1~ 'llJtll r ~~1;l tmflLtI~frl"u 

{lA.L1 bllS 1"J.' :::fUl l~ L~'lrf1Jl.J!l~LiI!lf 

VHf 10 t"'f>.I..fw'ltIHJlI~ft1liLtl1'l 

3.4 'l~1' DALI Interface 

vJ;l 11 'WI' DAlI Intefare 


'»\t DAlI Ir<terfscs niA1~f1hlu.flMl,j~ 11 u.t1~ 


€iilnLn...;"l..J'Irml'lru 11.1\:: 'l..\"lfr.1I'1«..J 1\H1..rYl::tnn~L~ 


h..lwm!'.J i~&~\f\ DAlI bus ... &tlI11utL'I'lU fI!J~ , 


""il~L'l1i1U1tJ'Lff.JL!.t..)*.~o(ln'l-l": DAlI p<l',_ sup.pty ~~ 


nl~itl\~-lU.Nl\JW1~ i2 \'lfli ~lfllnt:::LL1I'l.~iL1h.l 250 
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A Smart lighting Control System Using DALI Protocol 
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