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Abstract

Lighting systemshave historically beencontrolled by an individual or small group
of human operators working together in real-time. Applications for real-time lighting
control include theatre, concerts,danceperformances,and danceparties such as raves.
For the �rst three applications, changes in the lighting are usually designed to be
triggered by premeditated actions of the performers on-stage. In those cases,control
by a small number of operators is possiblesince they need only to pay attention to
the relatively small number of performers in order to achieve the goalsof the lighting
design. In an environment such asa rave, the primary focusis a large number of people
dancing together in an unpredictable way. In such a dynamic environment, control by
human operators is not ideal, sinceit is di�cult for a small group to follow changesin
the movements of a large group, or to react quickly enoughto suddenchangesin group
activit y. This paper will present a system which makes it possible for large groups,
such as dancers,to interact with the lighting systemdirectly.

1 In tro duction

The real-time lighting control systemcreatesan interaction betweena largegroup of dancers
and the dance lighting. It depends upon another, already existing, system to provide the
input data. The "system for largegroup musical interaction usingdisposablewirelessmotion
sensors,"described by Feldmeieret al.[1], collectsmotion data from the dancersin real-time
and derives parametersused for synthesizing electronic music. Theseparametersare also
useful for lighting control, and are supplieddigitally to the lighting system. Refer to Figure
1 for an overview of the interconnectionbetweensystemsand subsystems.

The lighting controller takes theseparametersas input and generatesa set of lighting
parametersas output. Programmablemappingsbetweenthe input and output parameters
allow the designerto determine how group activit y translates into lighting e�ects. These
e�ects are achieved by making changesto the lighting control data which are sent to the
lighting output interface.

The lighting output interface is attached to the lighting controller and to the lighting
equipment. Data received from the controller is transmitted to the lighting devicesusing an
industry-acceptedstandard protocol.
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The lighting systemconsistsof both hardwareand softwareelements. Hardwareis needed
to interface with lighting equipment, while software drives the hardware and performs the
input to output mappings. This paper presents the technical designof the hardware and
software.
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Figure 1: Large Group Interaction SystemOverview.

1.1 Hardw are

An IBM-compatible personalcomputer (PC) is the core pieceof hardware in the lighting
system. It receives input indirectly from the wirelessmotion sensorsby way of the large
group musical interaction system. This system sendsdata to the PC over the Musical
Instrument Digital Interface (MIDI) port. These data received over the MIDI port are
mapped to lighting data on the PC, and the output is via a DMX512 interfaceconnectedto
the parallel printer port. The DMX512 digital data transmissionstandard (DMX protocol)
is the most commonlyusedmethod for communicating betweenlighting control systemsand
theatrical lighting devicessuch asdimmers,color scrollers,and moving lights. The standard
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is supported by the United StatesInstitute for Theatre Technologyand hasbeenadoptedby
most of the theater lighting manufacturers in the United Statesand throughout the world.
While many DMX512 computer interfacesarecommerciallyavailable, they areunnecessarily
costly. The designof an inexpensive DMX512 compliant interface for the PC parallel port
was thereforea major portion of this project and will be presented in this paper.

1.2 Soft ware

The software for the lighting systemconsistsof several components, which can be divided
into three modules: the input protocol handler, the controller which processesthe data and
performsthe mapping betweeninput and output, and the output driver. Becauseaccessto
the input and output ports is not handleduniformly acrossoperating systems,the input and
output components had to be written for a speci�c operating system. The operating system
chosenis GNU/Lin ux becauseit is reliable, freely available, and hasfreedriversfor both the
input and output ports. All software is written in the C programming language,but each
module is separateand any module could be rewritten in another languageif sodesired.The
controller module is the domain of the lighting designer,and is the only module that should
needto be changedby the designer. While C is perfectly valid choice for programming a
design,other programmingenvironments such asC++ or LISP might be more desirablefor
more complicateddesigns.The realization of a designin this systemconsistsof developing
a control module that contains all the di�erent lighting "lo oks" and de�nes how changesin
them should occur depending on input parameters.

2 Musical In teraction System

Wirelessmotion sensorsare attached to dancersand transmit accelerationdata in real-time.
The musical interaction system[1] usesbasestation receivers to collect data from the many
wirelesssensorsattached to dancers(seeFigure 1). A computer processesthe data from the
sensors,usingalgorithms such asbeat detectionand fast-fourier transforms(FFTs). Derived
parameterssuch as intensity and rhythm data are sent on the MIDI output line. MIDI is a
setof communicationsprotocolsusedby musicalinstruments to exchangemusicaland timing
data, which makes it ideally suited for this purpose. The MIDI standard de�nes both the
communication protocols and the physical hardware parametersfor cabling and interfaces.
The MIDI output line is connectedto a music synthesizerwhich usesthe derived parameters
to generatemusic that is played over speakers on the dance
o or. The dancers'movement
in reaction to the music createsa feedback loop that can either lead or follow the dancers'
actions [1]. The MIDI output line from the musical interaction systemis also connectedto
the MIDI input port of the lighting controller so that the derived parameterscan be usedto
provide a lighting feedback loop.
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2.1 Hardw are

2.1.1 Wireless motion sensors

The wirelessmotion sensorsconsist of small, inexpensive, wirelesstransmitters that send
short bursts of RF energywhenever they senseaccelerationabove a threshold level [1]. The
transmitter is triggered by a piezoelectric �lm cantilever. The strength of the RF burst
is kept to a minimum to conserve energy and so that each transmitter has a 3-10 meter
transmissionradius. As a result, only nearby receivers register the burst. This is desirable
sinceit imparts someinformation about the location of the sensor.

2.1.2 Base station receiv ers

Several basestation receiversare physically distributed acrossthe dancingarea. For a small
dancearea, an array of four receivers located at the cornerscould be used. Each receiver
counts the number of bursts received from the wirelessmotion sensorswithin a short window
of time. Sinceno additional information is encoded in the RF burst, the number of bursts
received per unit time is the only data collectedby the receivers. This data is periodically
transmitted over the MIDI line to the musical interaction controller.

2.1.3 Musical In teraction Con troller

A Macintosh computerwith MIDI input and output ports is usedby the largegroup musical
interaction system. It performsdata processingon the accelerationdata collectedfrom the
receivers and outputs derived parameterson the MIDI output port.

2.1.4 Synthesizer

An electronic music synthesizer receives derived parameters from the musical interaction
controller and generatesmusic which is played on the dance
o or.

2.2 Soft ware

2.2.1 Motion data analysis

The large group musical interaction system usesthe MAX programming environment to
perform data processingalgorithms on the MIDI input streamfrom the basestation receivers
(seeFigure 2). MAX is a Macintosh based,object-oriented programming environment that
has built in MIDI support and is well suited to analyzing data in real time. FFTs are used
to work with the motion data in the frequencydomain. Many parametersare derived, such
as intensity, frequency, and rhythm (beat detection). The derived data is transmitted over
a MIDI output stream which goesboth to the lighting systemand to the electronic music
synthesizer.
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Figure 2: Musical interaction controller block diagram.

3 Ligh ting Con troller

The controller consistsof software on the PC that performs the mapping betweenderived
parametersreceivedfrom the largegroupmusicalinteraction systemand lighting parameters,
which are represented by channel levels. The code for the mapping is written by the lighting
designerfor a speci�c event. This is necessarysincethe functions of the lighting channelswill
vary depending on the lighting devicesused,and becausedesignerswill want the controller
to behave di�erently dependingon the style of dance,music,and physical layout of the dance
space.

3.1 Hardw are

An IBM compatiblepersonalcomputer(PC) is the coreof the systemand is usedprimarily to
map inputs to outputs. The hardware usedas the test platform has an Intel 486 processor
and 32 MB of system memory (RAM). The lighting system receives MIDI data from the
largegroup musical interaction systemvia the MIDI interface(MPU401 port) built-in to the
soundcard on the PC.

3.2 Soft ware

The coremodule receivesdata from the input protocol handler (MIDI driver) and transmits
data to the output module. The state of the output is maintained in memory asan array of
channel levels. This array is modi�ed basedon the input received and the mappingswhich
are programmedinto the coremodule. The useful input data are the beatsand the activit y
level of each of the areas. Beats from each area synchronize lighting changesin that area.
The intensity level determineshow much changeoccurswith each beat. For example,a low
intensity level in oneareamay indicate that no dancingis occurring there, solighting changes

5



M
ID

I I
N

T
E

R
F

A
C

E

A
LS

A
 M

ID
I P

O
R

T
 D

R
IV

E
R

A
LS

A
M

ID
I S

E
Q

U
E

N
C

E
R

MIDI
EVENT

REAL-TIME
LIGHTING
DESIGN

SOFTWARE

IN
P

U
T

P
A

R
A

M
E

T
E

R
S

C
H

A
N

N
E

L
LE

V
E

LS

MAP

D
M

X
 IN

T
E

R
F

A
C

E
 D

R
IV

E
R

C
H

A
N

N
E

L 
T

O
 D

IM
M

E
R

S
O

F
T

W
A

R
E

 P
A

T
C

H

P
A

R
A

LL
E

L 
P

O
R

T

INPUT PROCESSING OUTPUT

LIGHTING SYSTEM CONTROL COMPUTER

Figure 3: Lighting controller block diagram.

in that areaonly happen onceevery few beats. At the opposite end of the spectrum, many
dancersmoving at the sametime in an areacould causeseveral di�erent lighting changesin
a singlebeat. Setting up the exact relationship betweenthe movement intensity, the beats,
and the light parameters(such as intensity, color, and position) is up to the designerof the
speci�c event.

3.2.1 MIDI driv er

A number of drivers are available for the Linux kernel that provide accessto the MIDI
port used as the input component to the lighting system. The Advanced Linux Sound
Architecture (ALSA) providessoundcard and MIDI port driversaswell asa MIDI sequencer
and a library for accessingit. The input module usesthe ALSA sequencerclient API to
receive MIDI events in real time asthey arrive. Data is then extracted from the MIDI event
and passedto the coremodule for mapping.

4 Ligh ting Output In terface

The lighting systemtransmits output via a DMX512 output interfacefor the PC. The DMX
protocol is an asynchronousserialprotocol that runs at a data rate of 250kilobits per second
(kbps) over a balancedRS-485transmissionline. The protocol consistsof a resetsignal fol-
lowedby a data packet. A seriesof 8-bit valuesrepresenting each dimmer level is transmitted
sequentially in the data packet beginning with dimmer number 1 and incrementing to the
highest dimmer number used(up to a maximum of 512) [2].
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DMX-capable lighting devicesinterpret the levelsof the dimmer number(s) to which they
are set to respond. The dimmer number usedby each deviceis usually set by the end user
asthe DMX "address" of the device. Each addresscontrols a parameterof a lighting device.
Some lighting deviceshave only one address,while others use twenty or more addresses
to control their many parameters. For example, an actual lighting dimmer usesthe level
of a single addressto set the intensity of the lighting instruments connectedto it, while
an advanced moving light responds to many di�erent addresses,using their levels to set
parameterssuch aspan, tilt, intensity, color, pattern, and rotation speed.

Sincecommercially available DMX512 interfacesare very costly, ranging from $250 to
$500 or more, an inexpensive interface has been designedand built for this project. The
interfaceconsistsof hardware (seeFigure 4) that is dedicatedto transmitting dimmer levels
to the DMX port and software driversfor the PC that provide functions for sendingdimmer
levels to the hardware.
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Figure 4: Lighting output interfaceblock diagram.

4.1 Hardw are

The interfaceis designedto fully comply with the USITT DMX512/1990 standard while be-
ing inexpensive and relatively easyto build. It would be possibleto implement the hardware
using a �nite state machine programmedinto a �eld programmablegate array (FPGA) or
other type of programmablelogic device. However, this would requirea rather largenumber
of gatesand separatechips for memory, input, and output which would add considerable
expenseand unnecessarycomplexity to the design.A much simplerand lessexpensive design
is basedon a microprocessorcontrol unit (MCU) (seeTable 1) [3].

MCUs are versatile, relatively low cost, and can be easily upgradedwith new program-
ming in the future. They are often packagedwith various memory and input/output (I/O)
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Table 1: DMX interfacecircuit component cost [3].
Comp onent Single-Unit Cost Minim um Cost at Quan tit y (100+)
AT90S8515-8 $8.51 $5.25
MAX485 CPA $2.76 $1.33
DS1813-5 $1.11 $0.58
8MHz Crystal $1.90 $1.90
5x2 HeaderConnector $1.17 $0.41
13x2HeaderConnector $4.28 $1.67
3x1 HeaderConnector $2.24 $0.79
TOTAL $21.97 $11.93

units on-board. The MCU chosenfor the DMX output interface is the Atmel AV90S8515
8-bit RISC microcontroller [4]. It runs at a maximum of 8MHz; has 8 kilobytes of In-
System ProgrammableFlash program memory, 512 bytes EEPROM, 512 bytes SRAM, a
programmableserial UART, and two external interrupts for a cost of under $9 (seeTable
1 for the cost of the major hardware components). Becauseof its many on-board features,
only two other semiconductordevicesare necessaryto completethe hardware for the DMX
interface: an RS-485line driver and a brown-out detector. The line driver is necessaryto
meet the electrical characteristics required by the DMX standard, and the brown-out de-
tector is usedto protect the microprocessorfrom a low-voltage power supply such as would
likely be present during power-up. Pleaserefer to Figure 5 for a completecircuit diagram
and Table 2 for a description of the purposeof the major components.

Table 2: Purposeof DMX interfacemajor circuit components.
Circuit Lab el Comp onent Purp ose

U1 AT90S8515-8 MicroprocessorControl Unit
U2 MAX485 CPA RS-485Line Driver
U3 DS1813-5 Brown-out Detector
X1 8MHz Crystal MCU Clock
J1 5x2 HeaderConnector In-SystemProgramming Port
J2 13x2HeaderConnector Parallel Port
J3 3x1 HeaderConnector DMX Output Port

On power-up, the MCU loads the contents of the nonvolatile EEPROM, which is used
to store the default dimmer levels, into the SRAM. The SRAM is usedto store the current
dimmer levelsand is updatedvia the parallel interfacewhich is implemented usingthe MCU's
general-purposeI/O ports and external interrupts (seeU1 pins PA0, PA4, PC0-7, PD4-5,
and INT0-1 in Figure 5). The serial UART is set to 250 kbps by using an 8MHz system
clock divided by 32. The UART is usedto transmit the DMX protocol data packets, while
the DMX resettiming is sent synchronouslyby the microprocessor.Both the UART and the
microprocessoroutput DMX data on the TXD pin which is connectedto the input of the
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Figure 5: DMX interfacecircuit diagram.

RS-485line driver. An in-system programming port allows the MCU to be reprogrammed
with updated �rm ware should additional featuresbe desiredor if bugsneedto be �xed (see
J1 in Figure 5). Finally, a set of four LEDs connectedto I/O port B (PB0-PB3) displays
the current status of the device. SeeTable 3 for a description of LED purpose.

Table 3: Purposeof LEDs on the DMX interface.
Name Purp ose
LED1 Indicates DMX output idle.
LED2 Indicates DMX output active.
LED3 Indicates EEPROM reading or writing.
LED4 Indicates parallel port activit y.

The MAX485 chip receivesthe serialbitstream from the TXD pin on the MCU and drives
the RS-485di�erential transmissionline, with the help of external pull-up, pull-down, and
line loading resistors. Refer to Figure 6 for resistor valuesin the line driver circuit.

The DS18135V EconoResetacts asa brown-out detector. It monitors the power supply
usinga temperature referenceand comparator to detect out-of-toleranceconditions [5]. The
output of the EconoResetis connectedto the MCU's /RESET pin sothat the microprocessor
will be disabledif a brown-out occurson the power supply.
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4.2 Soft ware

Software for the DMX output interface consistsof �rm ware on the MCU and a driver for
the PC.

4.2.1 MCU Firm ware

The �rm ware for the MCU is written in C and compiled to AVR microcode. In its normal
state, the �rm ware transmits DMX packets, sendingaround40completeupdatesper second.
The dimmer levels are read out of an array stored in the SRAM (seeFigure 7) one at a
time and transmitted via the UART. The DMX reset timing is generatedby the dmx reset
function seenin Figure 8.

/ ����������������� ����������������� ������� ������ ������ ������ ����� ������ ������ ����� ������ ������ ������ ����� ������ ��
/ � T ransmit DMX Packet
/ ����������������� ����������������� ������� ������ ������ ������ ����� ������ ������ ����� ������ ������ ������ ����� ������ �� /
v oid dmx send() f

LED2ON ; / � LED2 on during DMX activit y � /
LED1OFF ; / � LED1 o� during DMX activit y � /
if ( DMX CURDIMMER TX == 0) / � Send Reset Sequence � /

f
dela y (240); / � Additional Sleepiness during MBB (~200 us) � /
POR T A j = DMXBUSY ; / � Set DMXBUSY � /
dmx reset (); / � T ransmit Reset � /
T ransmitByte(ST AR TCODE); / � Send ST AR T code � /
DMX CURDIMMER TX++; / � Incremen t transmit coun ter � /

g / � end if ( DMX CURDIMMER TX == 0) � /
else / � Data slot 1� > DIMMERMAX � /

f
T ransmitByte(DMX LEVELS [DMX CURDIMMER TX � 1]); / � Send byte to RS485 Line Driv er � /
if ( DMX CURDIMMER TX < DIMMERMAX) / � Data slot 1� > (DIMMERMAX � 1) � /

f
DMX CURDIMMER TX++; / � Incremen t transmit coun ter � /

g / � end if ( DMX CURDIMMER TX < DIMMERMAX) � /
else if ( DMX CURDIMMER TX == DIMMERMAX) / � Last slot in pac ket ! � /

f
DMX CURDIMMER TX = 0; / � Reset transmit coun ter � /
LED1ON ; / � LED1 on during DMX idle � /
LED2OFF ; / � LED2 o� during DMX idle � /
POR T A &=~ DMXBUSY ; / � Unset DMXBUSY � /

g / � end else if ( DMX CURDIMMER TX == DIMMERMAX) � /
g / � end else Data slot 1� > DIMMERMAX � /

g / � end dmx send() � /

Figure 7: Firmware sourcecode for DMX data packet transmissionvia UART.

An edgedetected on the INT0 pin (DATASTROBE signal from the PC) triggers an
interrupt handler that receivesdata from the parallel port and storesreceived dimmer levels
in the SRAM.
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/ ����������������� ����������������� ������� ������ ������ ������ ����� ������ ������ ����� ������ ������ ������ ����� ������ ��
/ � T ransmit DMX Reset
/ ����������������� ����������������� ������� ������ ������ ������ ����� ������ ������ ����� ������ ������ ������ ����� ������ �� /
v oid dmx reset () f

POR TD j =TXDPIN ; / � W rite p ort D bit 1 ( TxD) to HIGH � /
UAR T TRANSMIT OFF(); / � Disable UAR T transmit (so we can transmit break timing directly ) � /
/ � "MARK " Before BREAK (MBB ) = min 0s, t ypical �� , max 1s � /
/ � No dela y needed � /
POR TD &=~TXDPIN ; / � W rite p ort D bit 1 ( TxD) to LO W for BREAK � /
/ � "SP A CE" for BREAK = min 88us, t ypical �� , max �� � /
/ � W ait ~90us � /
dela y (120);
POR TD j =TXDPIN ; / � W rite p ort D bit 1 ( TxD) to HIGH � /
/ � "MARK " after BREAK (MAB ) = min 8us, t ypical �� , max 1s � /
/ � W ait 9us = 24� 3 = 72 cycles for MAB � /
dela y (10);
UAR T TRANSMIT ON (); / � Enable UAR T T ransmit � /

g / � emd dmx reset () � /

Figure 8: Firmware sourcecode for synchronousDMX reset timing.

4.2.2 Driv er

The protocol betweenthe DMX512 interfaceand the PC hasbeendesignedto allow contin-
uous transmissionon the DMX line. When DMX data is being transmitted, the interface
assertsthe DMXBUSY signal so that the driver will not interrupt a DMX transmission.
When the driver wants to senddata to the interface, it waits until the DMXBUSY signal
goes low before it sendsthe DATASTROBE to transfer a byte on the DATA pins. It then
waits for the DMXBUSY signal to go high again beforeattempting to sendthe next byte
(seeFigure 9). The driver provides a C function for sending an array of dimmer levels.
dmxsend(char dimmer level[]) sendslevels in the dimmer level[] array to the interface.

5 Conclusion

The real-time lighting system for large group interaction makes it possiblefor dancersto
interact with the lighting system. Movements by dancerstrigger changesin the lighting
of the dancearea that are determined aheadof time by the lighting designer. While the
lighting as a whole will react to group activit y, participants in the danceshould be able to
tell that their motions are triggering lighting changes,sinceeven low intensity signalscan
be designedto make subtle changes,perhapschanging a single lighting instrument.

The software designedfor this project allows for 
exibilit y by making the controller a
separatemodule that is programmed by the lighting designer for a speci�c event. The
complexity of the mapping is therefore virtually unlimited, and the design is constrained
only by the maximum number of dimmers controllable by the interface (which is set forth
in the protocol speci�cation).

The hardwareinterfacedesignedandbuilt for this project allowsa PC to transmit lighting
control data at high speed. The major circuit components cost more than 10 times lessthan
commercially available interfaces. Even if the other components such as the circuit board,
case,and power supply wereto doublethe costof the interface,it would still amount to only
20%of the cost of a commercialunit.
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Figure 9: DMX interfaceparallel port data transfer protocol.
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