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Abstract

This paper describes the proposal, design, and implementation of a novel WDMX controller which can
provide versatile light effects with the increased capability of the mobility and the number of universes for LED
lights. Both the algorithm for DMX protocol and how to implement the frame based on a 8hit micro-controller
are explained. The conversion algorithm between the DMX frame and wireless LAN 802.11b protocol stack is
introduced and implemented. In final, some experiments are made to verify the interoperability of the developed
WDMX controller with a commercial product of LED lights. #t) 9999 slaves with 30 refresh rate per second
may have capability to show various light effects.

Key Words : WOMX, DMX, LED, IEEE 802.11b, Microcontrolier

1. M B TZE, oPE Al SolM =Y Algsle AS

7} Soveka 9ok ol oherdt 29dE 5}

ZUle) 4F A8 oRE AW, HEY Ay Y= & vehiizl 43 ziae] sige] ez gith

a2 X9 gy, 9 A2 I8 58 95y 21391 ZUW&_ 12 EXL 7k 2 el 2

ZBAA AA7E Zobsln ok EF ges) g2 BE5g Alolshe Aojuk RS23Y RS422 / R84 &

e A e ANTE AR EaEa ’d, A4 %{‘M’ower Line Communication), DALI

Tel © 031-220-2615, Fax : 031-229-8281 (Digital Addressable Lighting Interface), DMX512

E-mail : sshon@suwon.ac.kr (Digital Multiplex), CAN(Controller Area Net-
Heada) 20089 79 23 _

12HA1AL 1 20089 79 309, 2344} 1 20084 8Y 299) work), LonWorks Al2=§) §o] Zgajo] Alzagle

AAbghE 20089 109 29

Y . MO E 2 H227 108, 2008 102 (1



LED ZPINE Y MZ2 WDMX 10| 7

2 853 i1l FA BAE gaX AL
Lol wtet th2 A 851 Qich 24, CANS ¢
& s Z+E AlSAle] ABE 1y YAE S
A& AFete Ao ATk Ao x &85},
o] AL 1, 54, 2 T E4d A
AME A=A ol 1o, rt2E/EyolH, thE piAE,
peer-to-peer®] ThFEt UIEX A o] HRd &
7 2 ZoA AHEETE LonWorkse o] € &4
g Ao EHIZA UGAFsslolA AL
o] ¥Fog AT gon JEE AojA| A
AME g5 Qo

Z2}3 A Advanced Control Network(ACN) 2}
© AHAIY] AJojA]AHlo] Entertainment Services
and Technology Association(ESTA)o| &) 7
Ha gled, DMX5129) $AIE FEIT oty
7I9te g FAEHA stuz goi2]. & $EF UEY
7Ae AYsts DMXGI2E 7|wte g dtn ge
Advanced Dimmer Network(ADN)2h= Z55 Ao
g ZEEZE A7H3 Qvk a3 31,250 B
{(baud) 59} 304 E<] MIDI dHl°]€]E& DMX512
2 Agsle 2PAAE Aofils Vex SEHA
tH3]. 9=2] Artistic Licencezl= 3JAlo)] o8] 1
e Art-Net [P 719t UIE 9] 20 A] DMX512 H
ol€l & A% 3lelE 7]&olth DMX512 Hlo|g & o]
HuloA 440 & = JEE oz Has 3t

AEE 4F] B4 B FoA DMXb12 4
EZESTL ZHAAE 43 A& A Yol

o
A =%, Fol, 34 SolA o] AHgHR Sich &
=¥ 2PEA G A Ao FEE Holuh 23, =
# Ao}, M(pan)/BE(tlt), ME|, Bto]n] T
TE olgst UIY dEARNE UE
3o
#HZ9 2971E TolA oME dAEE 5ty
LED(Light Emitting Diode) Z33A& Bo] A
313 gtk LED 233 4= Fee] Fdol nlste

7] 2ol o] A B2 Ago] WLHT vl
ol B0 E# n&SHo)} A5 AVIFY BA
A7), FEANEHY 5 4% A7) wA

oo
=)

EZ RARA ARG ALE7)9) 7t $E7) Sl
At} FFF HEFL IR FX Yoly, &L
Wik EHoE oHIE(AE ¥z,
ol o] AHg-EH2 gich
ofell A F-A4171%ke] LED Z3717] A
3t gled), F o oheket 259%
Zo] 7% w9l F2o| S gt}
¥k DMX512¢1 0153 WDMXE AR

2 7kx]2] WDMX & #H)7} 74
z9gd] o3 A% aNE gUF}er)
o2 /Y ZEAAE FHoE Aojste
8740 Fxk Frksta ok

AR E A8l A2 dZ2a0E

B 9 Qe AR 2o ZHAo7|E st
22} gk 71E8 WDMX A|e]7])= Zojok 4= 4]
e} WDMX #loi7]7F dA= o} AgE 4 ot
£ =7oAME olF Hed 48 A L
g o o 39 RS AT F UE
AAZAE ez} stck siele] DMX512 29
A28 Fusty U u LFoN FHog Ao
3t AEFHE FEstaxl ot 71 WDMX
© ] ukxE Aloj7elA ) 13749 &dlo]
H DMX512 Aoi7174A] A Y=z Uk EdolB
DMX512 #loi7] shvhzt 4] 512 Ad-S X Pskm
2 AAHoz2E 6666 Ad AFE AY T ¢ o
o Ad=HE gdolE A7t BHE4E 7170)
3711 §4o] it}

2 =FdAMs A 9999 WDMX <#olx
A7 7F 7Vesta, 2% 30 7tA] refreshd 4=
Ao, FeolH F 512 Ad AFEAALE 7%
g 283 g 2P At s A Ads
MLt axt g}, HA, 8HE nlo] AR R E 8
g o]g#3le] DMX512 Z2EES FAFE 9
Hg Adgsly DMX512 Z# 98 802.11b F41
# Yo Malss WH S Aot 7Y
+ WDMX Aoj7|¢} sidsr7t gomz s
of & dlo]Ejge] ol 1149 dHolH g 7&

ol ot

o]

z M

o

p/

ofi w

o 2t
BN R

oL
re
o W

1 o

-

L
Wi
fr e

rlE-

Wt op
=]

o

[«i0
T(:

L

L
K (g & O
o
2
N

foh yo,
2 e

o

Nodoopm
My o A0,
2 ob

:

Journal of KIIEE, Vol.22, No. 10, October 2008



2. DMX512 Z2ES2

DMX+= Digital MultipleX 9] 2Al2A] 3t %42 1
JALe AHgslel g oAz E Adshs Fal
w2l o], USITT(US Institute for Theatre Te-
chnology)ell 4] 19864 Z3Hdimmer) Aol $i5t4
DMX ZE2EEZS 7dsl i, 1909 5E+= DMX
o] kA1 DMXE12 ZREFo] AzApEo] 93
AR oz QY=r] AFsch o] F Fdi, 4
SoM 23 A% A9, 2%, e 55 29|78
@k DMXEI2 E2ES 7uke] Aoj7]7} AL
£330 gtk FHels DMX5127F ohi-Eoln
DMX$} 2 88HA] 21 B¢t DMXetn 54
is=

i | -

J8 1. DMX512 T3 &4
Fig. 1. DMX512 frame format

2% 1ol ‘132 DMX512 =9, ‘14’
START CODE(Siot 0, gle]€l), “15(SLOT 1, do]
E]), ‘16'(SLOT nnn, H°}€), nnn®] i 5129
t}.

29 12 DMXE12 ] Hag HoFa =
d DMX512 EYd2 RS-4868 7iteg AY
ot} DMX512 22282 H|E7] 8| E "5
2lole] 250[Kbps] £E2 F3Hec) 23 250,
HEQ] dlofH Af&EolnE /d HIEE 4[us]e]
e F718 zreh 3 749 dlojE &8l 1vE
9} 271916 HlolElE $i5le] 8UIE, A|FH|EE 9
& 1, 222 AANEE 8 28 EE AMPT)
7}l Zejglol 0%-E 512709 &%) THFE F ¢
ou o] Alab Heol g 7HA] AlejalEs) Hast
ot DMX512 Z2EZ FHd dis oz

e,

s

3

oY . HAHYRE=R2N M2271 M08, 2008H 109

MCIS0BGTE0 Plo|ARZEEEHE AMEstd 14
o7t R 2 RelME vio| a2 TEEY
7} A Qsl= Gut UARTE &-438le DMX5128 7
g3l e Astn 9tk UARTE 250[Kbps]
2 AR, NRZ 29& AM-8l Al& 1, dlojE
8, A 28|22 DMX512 ZTH Y T4 FTHE).

DMX512 B4l Z2 L AR5 2l x4
£ A8l 512ulo| EZLA] Hgo) 7bEdh 7hasin
Aasie}, g Zefgdo] Xe|Hwd ohg Zado] A
e FHE doly ZyYe d&¥os A4S
o} ojw #islrt globe 54§ dioler) AlgA
2 2 Zleolch 3 Hfol duisty Adpshs
QFAe] Wy g AR

DMX512 #ej7jell= & A2 ZAZe] 512709 )
H(Ee €308 AFsid, Mg Adee lupoleR
FHHE g Bl & 2567149 o %3y
© Yt 29AEE € 7 9ok &, 51270 gt
2 A = gler s ARE HIES] Esle
2 A 5 glrke RS 9nigitl

shute] SelolB Aojrld 512ade] 7esle
= OiFES o AMERA] e AMSSHE g Y
F7t Ao HEFE refresh HE-S Frlech
DMX512 #le|H Aojrlo A 24 d& AHE-8}
W 2% 9 1,000 9] refresh7} 758k, 51240E
£ A3 29 refresh Bl &2 4R L7} Hrl
DMXb12 Eo] 2 Hd] 32719 Seflo)x Ao
718 758 g lom, HIdE rley $ER 128
8] Aof717A] o] 7Hssieh

24712% DMX512 €#lol8 Aoj7)=
olE-& Falo] tolEE d&Hoz F4l
g A Ad 294xe g 7]y
tlolel & 428tk o] FaE 2| £
£ DIP 29029} 23 By &AM E o]z g]&d
ogte AR e g3E Ady DMXGI2 T
ol X3E Fart YAshs FAo] AleisT,
e Ade FAE

212] 5 DMX512 2R 7F wn ol we} 2%
S Aojgh=d o B& DMX512 gL "o &
oh 7|&0] A x| W, 2E, 4 9 434
& $5te] DMX512 Z#| oA 47 A5 g

S
“'.

&

i
fis)
o

o
)

¥
B
i
N
r
b
(ﬁ
39, E A




LED ZYYNE 2 M2 WOMX Moy PH

e Hoz o HIS AH, dEdE, ZaF,
frosting, speed, ©]% 4, lanp striking, v:%iEE. A
8 9 reset 59 UhS 7]50] F7HE 3 ot Al
g d& U8S DMXGI2 Aoj7]e] Wimeld 4]
Tt Fdlojgict

3. WDMX A|AE &3 % P

3.1 WDMX AlAE &3

WDMXE F43 DMXE 7Heyed WLAN
8R11bE rute g A% dAle A4S Hg
71 fate] T4 2o} 71€2A FHSS9 TDMA
g F2 Ahgstn gt 2 =EelME DSSS e
Ao} 7]uke] WDMX Al&ghg Tz

o R

l -
,

OMx £8 2238

[ -

33 2. Kok WDMX H|0J7]2 ZHHASAIAH
Fig. 2. Proposed WDMX controller and lightening
effect system

a9 2% AkE WDMKX 71ite] 2 dAEA|
2 PColA E3bste DMX512 8220

A& doly A4 WDMX #1715 %3]
A2 & DMX512 @272 Wgshe A
o Zch. DMX512 ©27]E DMX512 22
g o} SAdc)

A 137017k21 9] WDMX A|0)7]8 A gshs &
HdEAAdo] gt} B =R 2d) 999974
WDMX #7158 Al 7|80 84 Hold
el WDMX Alef7lelth. 71E Alol7]E 802.11b
& 7o g SHEE AIM*‘ 224 PCA TCPAP
7o} A Z2OWE AHGEE] slolE] AedE

o Aol ATk 7€) Ao}7] Al2EE AN
2HAEL siME 29 3039 refresh $58

09, i{z.&m

P

6656719 S | d3t7] AsfAl, PCollAME =7
15[Mbps]& F41 dlolel & Adstedof gt 814
ok B =RolAle PColA TCPAP 2918 AME-31A]
2, raw &A Hshe dugEy ALz g9
a&o® doje] Hr} 7hsskA =AU PC &8
zgadeai &G 3039 refresh $:2 24
[Mbps}Zh4] 28| Fo] 7HesiRth £ =FoA
= u|AREEERE 7o E ¢ WDMX A|0]7)
¢} ZT2EF F{o] BHo|2E raw AW ¥ 1%
dlole} Aol tigh apAg A8 g

3.2 WDMX X012 &4

WDMX A|o{71& dASH=E glof st=dojst &
Aol 2z E o] HAE stofok gt 27 3& At

¥ WDMX Alojr1e] 328 Jeldit), H|E w}o|
A2ZEEHE 422 UART, FAAIIE UH
Ho|AE 93t CF, Alo)7]9] 1§ 2dHs AL
A 294 59 T2 22 T,

Universe No. Dip/SW

a8 3. Mok WDMX Hois)
Fig. 3. Proposed WDMX controller

AZEo0] oz WDMX #Aoi7]E 802.11b 7]
vhe] ZREF A90R T 40|19 Zo] FE5
ALt FFAAE AR @, HEE AMSS
A3lslo] Zieksly 22 EE Ad9g FHEsI] AME
B H7-0L FAE FHAlo] digh =efelnjE A
= Aol Fashh

o] AR TES A TR $8 T2 AL
FAWS Bt A 80211b =ZY-E DMX512
Zdor Biglsle vl%e vl vlaE %

Journal of KIIEE, Vol.22, No. 10, October 2008



o] PCe} WDMX £#o]H Aloj7|& Ad-hoc B2
dA Feth PCE BRIEFAE =2 HolE
Z A4ska, 7iE WDMX #0715 dlo]go] digh
FARE gt agn FA" dolHE
DMX512 ZH|gog ¥shsl & DMX512 244
of M3tk of71A 802.11b AW AL ZelF
AL AT

***************************

-

2812 (DM )

j«'l.

PrE R N
T e W

12 4. WDMX ZREZ A
Fig. 4. WDMX protocol stack

3.3 WOMX Z2EF ¢IdE

WDMX ZZEFE T837] $i8te] 8ulE vle]
A2 FZEZE ATmegalR7} AFEEIQTE X2 EF
o] P&z FEE# ] e UART XEE &8¢
t}. UART RE°] RS48 A4 EdWA HA&
7¥sted ARR3ich 2251 UARTS DMX612 ZaH Y
of @A Z2ESE FEEch T2 spdelA
PC 7IWt $-fZz0de A%y 7|y o
WDMX el 4= CodeVisionAVR C Compiler& A&
SFATHI0.

1% 55 WDMX Ao]7]9l4 DMX512 Z#9)&
A HHE HAE vlo|aZEEE9]
UARTE 250[Kbps]Z 78t} DMX512¢64] AHE-
3z 7)1 " F7)o) AgekA vk DMX612 X
ZEZ ugt F 7o) ZAHE 71 F& oA
RS-48 A2 2 dlojg ZHdE HEdth

oy . MOAERRI=FEN 227 M10%2, 20082 10"

&7 B94

CPUZDISt

UART baud rate
£ 250kbps
I
DMXE1 25| 215N

P ZHY SN

a8 5. DMX512 Ty M
Fig. 5. DMX512 frame processing

4. dE 2 L

a2y 6& JierE WDMX #o]7]9] 458 BeF
3 9k FZEol Aoi7] IDE AA 8 4ldigit]e] &~
AA7; Bolm, F3t olfoll 802.11bE A Yshe F
A 7t 2ol Aoj7] ID HE s Bag M
29032 ALgA7E QJeojz A E 4 Qlrk 07E &
t} 9,999 WA lel7] ID WS & AAst AHE
& 5tk

BRI iveinishish

8 6. J4gE WDMX H0{7]
Fig. 6. Developed WDMX controller



LED RYINE P M22 WOMX MO 7

AN
mi(ﬁ) Sﬁ(EJ RIS ey Je) SBWE
D s

Fiease 3end Ur Perawelers.. ..
$S10=pNX512

w lant ype=&DHOC
wepiength=128b1t{13bvte)
wepkey=WEP128B{1Test

channei=1}

Good! Fiease Relet UniverseNoSW & ReStart: Fower
Please Send Ur Parameters..,.......oovisws. s
Timedver!
SerialPort=0.0,,0 flowcontrol=; UniverseNo=118G
0...92.8.".
1P=192.168. 1,198  $SID='DMXG12" Type=AgHOC
[T S RN R0 BT I T ke [ T

a8 7. WDMX RElH
Fig. 7. WDMX booting process

CIEEE BO2:11 Rireless LANJCF Card. .0,

3% 72 WDMX #0719 FEHAFE HoAF1
Ut} FBHA Fol| FHW9 SSID, WEP 7, AHE-
Ag A3, P F4, Ao7] DYWL HE EE
WDMX ¥3) & HolF1 Qlth 19 82 FAlo
2 WDMXE &3l 5418 ZddS DMX5122
A 43S BoFed], 3 &3l g3k

‘ mmmmux - mpled i

32 8. DMX512 Z2&2 Jjist of
Fig. 8. An example of DMX512 protocol

o2 g WDMX #lj717F ©+& DMX612

oo 584 oA FARTHE g BT 95}
of 4% % e HPe APtk lrEA

PC 3-8Z2a3o] 2517 stefof stx1, WDMX
ZﬂOME Eﬂ°lE1 Eﬂﬂ%lé Hgstoiof gk PC

Al 7= B3l g
At

WDMX 1110171 ]71] Zé A @ WrAE

38 9. WDMX AlaY 29
Fig. 9. WDMX system operation

a3y 9= /NEst WDMX Aloj7]o] AH¢ LED
DMX512 ZH A& AAse, PC -$8&ZZ 3o
Al A AZUE-E ASsle] dEshe 252
oFEt) Z2HAR2E Xilver BVY DropletMel=
A Fo] ALFEATE 16HIE SA=E Z2AHE 4 9
© 3600°] W 260[°] €EE 21 AU F e
LED Z%42olt), 84X+ 12719 DMX512 A
dg zhe BE BE RGBolA 23S stuth

e i e e e S i 1K,
CGuTd 7ot cpen serv St
MacAddress + Fr-7F-98-01-81-7C  olrect
- £ multicast
© eroadcast
~ Almulticas’
© Promfscuous
Filemandle |
24
openNIC
ClosenIc
Sendekt
TRetrivesr1d |
Of A 3T T3] a[ [ e 7V & of o] ii] iz 33 iaf 38 18] 17] 18
{10 30 Bd 90 00 80 B0 55 22 37 32355 55 55 _FF__66. 00. 00 00
el o

38 10. TP 7|8 PC SEx2H
Fig. 10. Windows-based PC application program

g 1000419} Zo] Jwd PC $4Z208S
@8347]*' AREE WEY A 7125 “OpenNIC” ]
B o] &3t Adeigt) sldole) Eda 2=
€ 0|83l HEE tlolHES o|v] A A&

Journal of KIIEE, Vol. 22, No. 10, October 2008



Foll gh&o] HAFTh 22|13l “SendPkt” ¥ EL
27 dolgrt Aejrlz dgEn). 9xe &8 =
2P HFY C+E ZAHAT

5.8 E

£ RAAL B3] ofF
270 Bk, hpe 299

faéf—.ﬁa%a A}%?& DMX512 Z2EZ 13 g3
HUFE AR TSI B DMX512 22
ES 2 9)3} [EEE 802.11b F4d o 7te]
g B4e dslgrh ol 58 ¢8| QulE wlojA
FeEEAM F2tshe 802.11b Eelo|HE 7t
6}2% o AF-8 DMX512 A9} AAAE S 53}
el ZR2 e diste AEsHch
g Sl 71EET o ool o5
£& 29dE Z4E ZAE 5 A =k o]
3 WDMX Aloj7]9] A5 B437] 9% go]
B} & 24 dlolE A, 2 A& el diste
= U8 =g Fslo 288 ool

£ o7E 2ol BIISRABAARMEMRY Ut
oz +YsiS

o TEHIR=2N N227 108, 20081 109

rhr
4

2 g9y
References

(1) £33, “&#HAM ZHHOA YL 2|F9) oyt 2
Mt s, MAMRIRIE R, HBUE R, 2006

(2] YALOIE http://www.esta.org/about/indexhtrml.

(3] MDX Control of Stage Lighting, First Draft 12/9/06 - 9
AHOIE www.innovateshowcontrols.com.

(4] “Specification for the Art-Net mx Ethemet Commu-
nication Standard”, Artistic Licence (UK} Ltd, HAI0IE
<http://www.artisticlicence.com/user—guides/art —net.pdf>
June. 2004,

(6] “USTT DMX512-A ~ Asyndhronous Serial Digital Data
Transmission Standard for Controlling Lighting Equipment
and Accessories’, Entertainment Services and Technology
Association,, 2000.

(6] Oscar Luna, Daniel Torres, RTAC Americas, “DMX512
Protocol trplerentation Using MCIS08GTE0 8-Bit MCL",
Freescaie Semiconductor Application Note, AN3315, 2006.

m & “HIHAUIE 28t AUl A I,
Z:Uo”ﬁ:‘ AU|E e =2Xl, Vol20,126-134, 2006.

(8) A Durkels, uP - a TCPAP stack for 8- and 16-bit
microcontrollers. Available from  dunkels.coradam/uip/,
2004.

(9] J. Bentham TCPAP Lean: Web servers for embedded
systems. CMP Books, October 2002.

(10} Atmel Comoration, Erbedded web server. AVR 460,
Avalible from www.atmel.com , January 2001.

O MR O

5 (BIE)

1959'd 7€ 15Y4. 19823 Medista Arjgsts &9

1984 AMe&digty A7l aaa £A4A}). 1996 0]

= University of Texas at Austin FY(AD. &
FAmstE JuEAEes zas

e ()

19633 349 794, 1987 University of C. Oklahoma
&9l 1989 University of Oklahoma &34},
1985 d=atzied U, a4 U
Arojgoitta Zusy,



