Control Systems for Live Entertainment
Third Edition

John Huntington

AMSTERDAM » BOSTON « HEIDELBERG » LONDON @

! X o NEW YORK = OXFORD = PARIS = SAN DIEGO Fﬂ:al
SAN FRANCISCO » SINGAPORE » SYDNEY » TOKYO Press

EL.SEV_[E-R Focal Press is an imprint of Elsevier




1able of Contents

Dedication . ... .. ...... ... . ittt eeeeeneeienennienanenns v
Second EdIion .. ... .. . \%
First EAition . . ... .o \%
Table of CORLENLS. . . ... ..ottt ittt et e et eeaeaeaeeanaananans vii
Foreword . ... ...... .. .. ittt ittt i e, XXV
Foreword to the Second Edition ......... ... ... . ... .. .. . . . . . . .. XXVil
Preface. .. ... ... ittt i it e e e e XXix
LWonder. .. .. XXIX
Why Does This Book EXist? . ... ... e e XXix
Who Is This Book Written For? . ......... .. . . . . . . . . .. XXX

Technical Background . ......... .. . . . . XXX
How Should This Book Be Used? . . .......... ... i XXX

CONVENLIONS ..ottt ettt e e e et e e e XXXI1
What’s New In This Edition? . ....... ... ... . .. . . . .. XXXii

The Universal Data Transport and Book Restructuring .. .................... Xxxii

Convergence, Divergence, and More Book Restructuring .................... Xxxii
Obsolete Stuff ... ... .. XXXiii
Disclaimers . .. .... .. .. XXXiii

North American Perspective .. ...... ... . i XXX1V

Opinion and Fact . ... ... . XXXiV
Book Production . .. ...... ... ... . e XXX1V
Inevitable (Unplanned) Obsolescence . .. ......... .ottt XXXV
W EDSItE . ..ot XXXV
Acknowledgments . ......... ... . ittt e e e xxxvii
Third EAItion . . ... e XXXVii
Second Edition (Published 2000) . ........... . i XXX Viil

First Edition (Published 1994) ... ... ... . . . . . . XXXIX



viii Table of Contents

Part 1: Introduction ..........ccoiuiiiiiiiiiiiiieieienrneenenoeeeenssensensans 1
Chapter 1: AR INIroduCHiON . . .« oo v v ittt ittt ettt eenenoesasesssssasasanns 3
Whatis a System? . ... .. . 4
Outputs, Connection Methods, Inputs, and Processors . ......................... 4
What are Entertainment Control Systems? .............. . . . .. 4
Evolution of Entertainment Control . ........ ... . . . . . . . ... 5
What is Show Control? .. ... ... 6
Evolution of Show Control .. ..... ... .. . . 6
What is a Standard? ... ... ... e 7
Proprietary Standards . ...... ... 7
De Facto Standards .. ........ ... e 8
Open Standards ... ... ... e 8
The Limitations of Standards . . ... ... ... i 9
Universality of Standards . ...... ... .. . 9
Common Attributes of Successful Standards ............ ... ... ... ... . ... .. .. 10
Standards Development . ... ... ... e 11
Standards-Making Bodies . ........... . 11
Creating a Standard ... ....... ... . 12
Chapter 2: General Control CORCepPLS ... .....ovveiieieiineeneneneensernsennns 13
U ettt 14
Cueing Methods . . . ..ot e 15
Event Based . ... .. . 15
Time Based . ... ... 16
Hybrid Systems . ... ... 17
SHOW Ty PS ottt 17
Linear ShOWS . . . ..o 18
Nonlinear ShOWS . .. ..o o 18
Operational Modes . ... ...t 18
Commands/Data . . ... .. 18
Preset/Command . ........ ... . 19
Repetitive/Continuous Data . .. .. ... .. . 19
Data Relationships . .. ... 20
Relative . ... 21
ADSOIULE . . .o e 22
Feedback ... ... 22
OPen-L00D . . ot 22
CloSed-Lo0D .ottt e 23
Control SIIUCTUIES . . . . oottt e e e e e e e e e e e e e e e 23
Centralized SYStEMS . . ...ttt e 23
Distributed SyStems . . . . . ..ot 24

System Control Architectures . .......... ... i 24



Table of Contents ix

Master-Slave/Command-Response . ......... ... . . i 24
Interrupt Driven ... ... ..o 25
Peer-to-Peer . .. ... 25
CHENt-SEIVET . . o\ttt e e e e 25
Producer-ConsSumer ... .. ... ...ttt e 26
Physical Topologies ... ........ i e e 26
Star Topology . .. oot 26
Bus Topology . ..ot 27
Ring Topology ... ..ot e 27
CombInNations . . . ...ttt e 28
Variables . ... .o 28
Logical OPerators . .. ... ...ttt et e e 28
=T hen ... 29
O L 29
ANd . 29
3 30
Logic Combinations .. ... ... ... ...ttt 30
Chapter 3: Electrical Control System Basics ... .......coovveieieeietnennreecannns 31
Sensors and SWItChes . ... ... ... e 32
Operator Controls . . ... ...ttt e 32
Touch Screens or HMI . ... ... 33
Wireless Remote Controls .. ...... ... 33
Limit SWitches . ... ... e 33
Encoders . ... .. 33
Photo-Electric Sensors . ... ... ...t e 34
Proximity Switches . ... ... 35
Motion DEtectors . . ... ...ttt e 35
Radio Frequency IDentification (RFID) ........ ... . ... . . . i ... 35
Other SENSOTS . ...ttt e e e 36
Contact CIOSUIES . . ..ottt ettt e e e e e e e e e 36
Contact Nomenclature . .. ... ... e 37
Normally Open or Normally Closed .. ....... ... . . . ... 37
Contact AITanZeMeNLS . .. ..ottt ittt ettt et e e 37
Contact OPLONS . . o vttt ettt e e e e e e e e e 38
Relays/Contactors . . ... ...ttt e e e 38
Sourcing/Sinking Transistor Interfaces . .. ...... ... ... ... . . .. o .. 39
Open Collector Transistor Interfaces . .......... ... ... . . . i, 39
ISOlation . . .. ..o 39
Optical Isolation . . ... ... e 40
Galvanic [SOlation . ... ... ..t 40

Relay Isolation . ... ... ... . 41



X Table of Contents

Chapter 4: System Design Principles ............cciuiiiiiiiiiiiiiiinnrnrneennns 43
Principle 1: Ensure Safety . .......... .. 44
Single Failure-Proof Safety ....... ... .. . . . 44
Fail-Safe Design .. ... . o 45
Emergency Stop SyStems . ... .. ...ttt e 45
Humans Inthe Loop . ... .o e 46
Peer Review for Safety ...... ... . i 47
Principle 2: The Show Must GoOn . . ... .. i i 47
Redundancy . . ... ... 48
Ensuring Maximum Computer Reliability ........... ... ... .. ... ... ... ... 48
Principle 3: Simpler is Always Better ....... ... . . i 49
Principle 4: Strive for Elegance ......... ... .. . . 50
Principle 5: Complexity is Inevitable, Convolutionis Not ........................ 50
Principle 6: Leave Room for Unanticipated Changes ............. ... ... ... ..... 50
Principle 7: Ensure Security . ........ ... .. e 50
Keep Your Show Network Off the Internet . ........... ... ... .. ... .......... 50
Use Security Features on Wireless Networks. ........... ... ... .. oo, 51
Shut Down Wireless Networks When Not Needed. ........................... 51
Use Passwords on Critical Machines and Systems . .............. ... .......... 51
Control Physical Access to Critical Infrastructure ............................ 51
Run Only Things Needed for the Show on any Show Machine .................. 51
System Troubleshooting Guidelines .............. ... .. i .. 51
Don’t Panic! . .. ... 52
Before Starting . . ... ... 52
Cure the Problem and Not the Symptom .. ........ ... ... ... .. . ... 52

A Troubleshooting Process . ... ... ... i 52
MOVING ON . . .ot e 54
Part 2: Entertainment Discipline Overview ..........coiiiiiiiiiiiinrnenennnnn 57
Chapter 5: LIRENG . ..o oo vttt eiitintitneeeeeetetsnssscesessnssnssssssans 59
Lighting Control Equipment . ..... ... ... ... i, 60
Lighting Consoles . . ... ...t e e 60
Patching . . ... o 62
DIMMErs . ... e 62
Moving Lights . ... ... 65
LED FIXTUIES . . o oottt et et e e e e e e e e e e e e e 65
ViIdeo Servers . ... ... 65
Other Lighting Equipment . . . ... ... . i 65
Lighting Control Approaches . ......... ... . 66
Analog (0—10V) Control . . ....... .. e 66
DM X S 2- A 66

Proprietary Ethernet Control Solutions . ............. ... ... i .. 66



Table of Contents Xi

ATt Lo 67
ACN 67
MIDI and MIDI Show Control . . ....... ... 67
CRapter 6: LASErS. ... ...oeuieieteeenenteeeeeensetsnsssessassnssssssessasans 69
Laser System Control Equipment .. ......... ... . .. 70
Laser Control Approaches . ... ... ... e 71
ILDA Standards .. ...t 72
DM X S 2- A 72
SMPTE Time Code, MIDI . .. ... . e 72
Chapter 7: AUAIO « oo oo vt e ittt it ittt teensetesesssasasosasosnsnsasanss 73
Audio Control EQuipment . .. ... ... . e 74
Audio Playback Devices . .. ... ..o 74
Mixers and MatriCes . . . ... vttt ittt e e e 75
AUdio Processors . ... ...t 78
AmMPUTIeTs . . o o 78
Self-Powered Speakers . .. ... .. 78
Audio Control Approaches .. ... ... ... 78
Contact CLOSUIES . . . .ttt ettt et e e e e e e e et e e e 79
Serial Standards .. ... ... 79
IPand Ethernet . ... ... ... . 79
MDD . e 79

A Quick Note On Word Clock . ... ... i e 79
Audio Transmission Networks .. ....... ... i 80
Chapter 8: Image Presentation . . ..........oeoueeieietneeeeneeatensorsssassnnns 81
Image Presentation Control Equipment . ......... ... .. ... . ..., 82
VIdEO SEIVEIS . ..ottt e 82
Digital Disk Players ... .. ... 82
Video Routers/Switches .. ....... ... 83
Display Devices ... ... 83
Computer Presentation Control Equipment . ........... ... .. ... ... .. ..., 84
Film Presentation Equipment ... ....... ... ... it 84
Image Presentation Control Approaches . ......... ... ... ... 85
Contact Closures/General Purpose Interfaces . . .......... ... ... ... ... .... 85
Serial Standards . ... ... ... 85
IPand Ethernet . ... ... ... . 85
MDD . 85
Time Code . ..ot 86
DMXS512-A, ACN .o 86
Keyboard Emulation . . ....... .. 86

A Quick Note On Video Sync ... ... e 86



Xii Table of Contents

Chapter 9: Stage MACRHINErY .........outiitieieeeeientnosensescnssnsessssnnns 87
Machinery Control Equipment ...... ... .. ... . i 88
Sensing/Feedback . ... ... .. 89

Positional Feedback ... ... ... 89
Velocity Feedback .. ... ... ... 90
Control . .o 90
User Interface . ... ... ... i e 90
Motion Profiles . ... ... ... . 91
Machinery Controllers . .. ... ...t 91
Drive DevICeS . .ottt 92
Relays/Contactors . ... ... ...ttt e e 93
Solenoids . .. .. 93
MOtOr DIIVES . . .ottt et e 93
Fluid POwWer . .. ... 94
Emergency Stop . . ..ottt 94
Commercial Entertainment Machinery Control Systems . ........................ 94
Controllers for Installed Applications .. ..............iiiiitiniinnnnanan.. 95
Controllers for Production Applications ........... ... . . . .. 95
Machinery Control Approaches ......... ... i 96
Drive System Interconnection ... ........... .. . i 96
IP/Ethernet . . .. ..o 96
DeviceNet . ..o 96
Profibus . .. 97
Modbus and Modbus TCP . . .. ... . 97
AS-Interface (AS-1) .. ..ot 97
Interfacing with Machinery Control Systems . .......... ... ... .o, 97

Chapter 10: ARIMAIFONICS « o oo oo v v vt etnnsnteoeeeeeentsssessssassnssssssases 99

Animatronic Effects .. ... . . 100
On /O T 100
Proportional . ... ... ... . 100

Animatronic Control SYStems . .. ... ...t 101

Animatronic Control Approaches ......... ... ... . . . . i 103
Contact CLOSUIES . . .o\ttt e e e e e e e 103
0—10V DO .o e 103
DM X S 2- A e 103
MIDI and MIDI Show Control . .......... ...t 103
SMPTE and MIDI Time Code .. ........ ..t 103

Chapter 11: Fog, Smoke, Fire,and Water ............viveiieeecessnrsocssansns 105
Fog and Smoke Equipment .. ..... ... ... . e 106
Fire and Water SyStems . . . ... ..ottt 106

Fog Smoke Fire and Water Control Approaches . ........... ... . ... ... .. ...... 107



Table of Contents Xiii

Contact CLOSUIES . . . .ttt e e e e e e e 107
DM X S 2- A 107
Industrial /O Systems . . ... ..ot 107
Chapter 12: PYroteCRRICS « .. ..o vvvetneneteeeneneenteoeesessntsnssssssassnns 109
Pyrotechnic Control . . ... ... . e 110
Manual Pyrotechnic Control .. ..... ... .. . . . . 111
Computerized SYStEIMS . .. ..ottt 111
Pyrotechnic Control Approaches .......... ... . ... i, 112
Contact CLOSUIES . . . .ttt e e e e e e 112
SMPTE and MIDI Time Code . ....... ... . it 113
MIDI Show Control ... ... ..o e 113
Chapter 13: Show Control. .. .........c.ouieiieiiiitineeneeseerenrsssssassnnns 115
Why Show Control? . .. ... .. 116
Moving Toward True Interaction . .......... ... .. i, 116
What Is a Show Controller? . ... ... ... .. i 116
Media Control SYSteIMS . . . . ..t vttt e 117
My Show Control Design Process ... ....... ..., 118
Question 1: What are The Safety Considerations? ............. ... ... .. ........ 118
Question 2: What Type of Show is It? ....... ... .. . .. . . . . .. 118
Question 3: Is the Show Event-Based, Time-Based,
ora Hybrid? . . ... 119
Question 4: What is the Control Information Source? .......................... 119
Question 5: What is the Type Of User Interface Required? ...................... 119
Computer User Interface Guidelines . ......... .. ... ... . . . . . i, 119
Infocomm A/V Touchscreen Dashboard ........... ... ... ... ... ... ... ... 121
Question 6: What Devices Must be Controlled/Connected? . ..................... 121
Other CONCEIMNS . . vttt et e et e e e e e e e e e e e 122
Finally . ... e 122
Part 3: Data Communications and Networking ............... ... ..o, 125
Chapter 14: Numbering SYSIEMS. . .« oo oo e it etitintneeeeeeentsosessscassnns 127
Base 10 (Decimal) NOtation . ... ... ... e 128
Base 2 (Binary) NOtation . . . ... .. oottt 128
Base 16 (Hexadecimal) Notation ............... ...ttt . 129
Binary-Coded Decimal NOtation . . ......... ..ottt 131
Math with Binary and Hex ........ ... .. . . 132
Bitwise Operation . ... ... ... ...ttt e e 132
Converting Number Bases ....... ... i 133
Binary to Hex . ... .o 133

Hexto Binary . ... ... e 134



Xiv Table of Contents

Decimal to Binary ... ... 134
Sample Numbers In Different Formats .......... ... . ... ... . . ... ... .. 136
Storing Numbers in COMPULers ... .. ... ...ttt 137

Chapter 15: General Datacom CONCEPLS. ... ..o veeveenteeeeeenentsnsesessnsns 139
American Standard Code for Information Interchange (ASCII) ................... 140
Data Rate ... ... 140
Bandwidth . ... .. 141
MUltipleXing . . . ..ot 141

Time DivisSion . ... ... 141

Frequency DiviSion ... ...t 142
Communications Mode . ........ ... 142

SIMPIEX .ot 143

Half Duplex ... ..o 143

Full Duplex .. ... 143
Transmission/Modulation Methods . ........ ... ... . . . i, 143

NON-Return-to-Zero . . . . ..ottt 144

Manchester ... ... ... 144

Frequency Shift Keying . . ... 144
Error Detection ... ... ... 144

Parity Checking . ... ... ..o 145

Checksum . ... ... 146

Cyclic Redundancy Check . ........ .. .. i 146
Flow Control . ... ... 147
Communications Layering . . . . ...t e 147

Chapter 16: Physical Communications Media . . ...........cooviviienenenrnnnnns 149
Electricity for Data TransmisSion . ... ...........iuiitenton i inneneenenenn.. 150

Transmission Schemes .. ....... ... .. i 150

Wire and Cable Types . .. ...oo it e 152

TIA/EIA Category Cables .. ...t 153

RJ45 (8P8C) CONNECLOLS . . . .o vttt ettt e e e e e e e e e e 155

TIA/EIA-568B Cabling Standard . ......... .. ... . . . ... 155

T568A and T568B for RJ45 (8P8C) Connectors .............ovuinnunnnnn. 156
Light for Data TranSmiSSion . ... .. ... ...ttt e 157

FIber Optics . . ..ottt 157
Radio for Data TransmiSsion . ... .. .. ... ...ttt 158

Chapter 17: Point-to-Point INterfaces. .. ........c.vuiiiiiiiierenncnsnsasananas 159
Parallel Interfaces ... ... .. ... .o 160
Serial Interfaces . .. ... ... 161

Synchronous Interfaces . ........ ... . i 161

Asynchronous Interfaces . .......... ... i 162



Table of Contents XV

TIA/EIA Serial Standards . ........... i e e e 162
DTE and DCE . . ... o 163
RS-232 (EIA-232, TTA-232) . .ot e 163
RS-422 (EIA-422, TTA-422) . oo e e e 165
RS-485 (EIA-485, TTA-485) . .« oot 165
Comparison of TIA/EIA Serial Interfaces ............ ... ... ... . . ... 165

Practical Serial Connections . ... ... ......iititt ittt e, 166
Using RJ-45 (8P8C) ..ot e 166
Connecting DTE to DTE (Null Modem) ......... ... ... i, 166
UART . 167

Communicating With and Testing Serial Connections .. ............... .. .. ..... 167

Chapter 18: General Network CONCepPLS . ... .. oovvveiiiiereresnensnsasssasnsnns 169

What Is a Network? . . ... o e 170

Network TyPes ..ot e 171
Local Area Network (LAN) ... e i 171
Metropolitan Area Network (MAN) ... ... . e 171
Wide Area Network (WAN) . ... 171
Internet . . e 172
Intranet . . ... e 172

Open Systems Interconnect (OSI) Layering Scheme ........................ ... 172
T—APPHCAtION . . .o\t 173
O—Presentation . . .. ...ttt e 173
1723 o) O 173
4—TTaANSPOIT .« . ettt et e e e e e e e 173
B3N etWOTK . . oo e 173
2—Data Link . ... e 173
I—Physical . ... .. 174

Packet Switching . . ... ... 174

Routing Schemes . . .. ... 174
Broadcast . .. ... e 175
MUIICASE . .\ttt e 175
UnICaSt o vttt e et e e e e 175

Encapsulation .. ... ... ... . 175

Chapter 19: Network SYSIEMS .. o oo v et e teteteensnseterosssnsnsasssssasnns 177

TCP,UDP and IP .. ... . e 178

Transmission Control Protocol (TCP) . ....... ... ... .. . . . . .. 179

User Datagram Protocol (UDP) . ... ... . i 179

Internet Protocol (IP) . . . .. o oo 180
Network Classes . ...ttt e e e 180
Dynamic Host Configuration Protocol (DHCP) ............. ... ... ... ... ... 181

Static/Fixed IP Addresses . . ...t e 182



xvi Table of Contents

Private/Nonroutable IP Addresses . .. ........ ... i 182
Subnets and Network Masks .. ......... ... e 182
Looking at Subnet Masks In a Different Way . ........ ... ... ... ... ... .. 184
Ports and Sockets . ... ... .. e 184
Address Resolution Protocol (ARP) ... .. . . . 186
Other System ISSUES . . .. ..ot e 187
Domain Name System (DNS) . ... ... e 187
Network Address Translation (NAT) . ... .. 187
Virtual Private Network (VPN) . . ... oo e 187
Quality of Service (QOS) . . ..ottt 188
TPV . . 188
Chapter 20: ETREIREL « oo o oo oo v te et eeeeeeeeentsnenseseessnsassnssssssassns 189
Logical Link Control (LLC) ... .. .o e e 190
Media Access Control (MAQC) . ... it e e 191
CSMA/CD . . 191
MAC AdAress . ... 193
Frame Check Sequence . ........ ... .. i 193
Physical Layer (PHY) .. ... . 193
Electrical ISOIation . . ... ... ... i e 194
Historical Ethernet Implementations . ............. . . . . i, 194
10BASES—“ThickNet” ... ... . e e e 194
10BASE2—“ThinNet” ... ... ... e e e 194
Active Ethernet Implementations . .......... .. ... . i 194
T0BASE-T . . 195
10BASE-FL ... 195
100BASE-T—"Fast Ethernet” . ....... ... ... . . . . .. 195
1000BASE-T—"“Gigabit Ethernet” . .. ...... .. ... . . . . .. 196
Higher Rates .. ... ... . . 196
Ethernet LAN Hardware . ........... ... .. i i 196
Network Interface Card . ... ... ... ... .. . i e 196
Direct Connection Cables . .............. .t 197
Media CONVEITEr .. ... .ottt e e e e e e 197
Repeating Hubs . .. ... .. 197
Switching Hubs (Switches) . ..... ... i 197
ROUterS . . .. 199
Optical Bridges ... ... ... e 199
Power over Ethernet (POE) .. ... ... .. .. .. . . . . 199
IEEE 802.11 “Wi-Fi7 . .. 200
Basic StrUCtUre . . .. .. .. 201
Network Layout or Configuration .. ...........c. ..ttt 202
Basic Connection Process . ............ .. 202

Security ISSUES . . ..ot 203



Table of Contents Xvii

Should You Use 802.117 ... e 203
Ethernet In Our Industry . ... ... e 204
Chapter 21: Network UIlities .. .. ..o oo et e ie i tiinenseterosnsnsnsasssasnsnns 205
Assigning Fixed IP Addresses . . . ...ttt 206
IPCONFIG Command . . .. ..o e e e e e 207
PING Command . ........ ... e e 207
ARP Command .. ...... ... 209
NETSTAT Command . ........ .. e 209
TRACEROUTE Command . . . ... e 210
TelNet Command ... ... ... e e e 211
Part 4: Standards and Protocols Used in Entertainment ........................ 215
Chapter 22: DMXS5I2-A. . ..ottt ittt tneetssssseseassnssssssassnnas 217
DMX’s Repetitive Data Approach .. ........ ... . . . . . 219
AdAressing . .. ..o 219
UnIVEISES . o v vttt ettt e e e e e e e e e e 220
Controlling Equipment Other Than Dimmers .. ........... . ... ... ... . ..... 220
Physical Connections . ... ..........uiutiutun ettt e 222
CONNECIOIS . oottt ettt et e e e e e e e e e e e e e 223
Three-Pin Connectors . ... ... e e e 223
Alternate CONNECLOrS . . ..ottt ittt et et e e e e e e e e e e e e e 224
Data TranSmiSSION . . . . ..ttt et e e e e e e e 224
Refresh Rate ... ... 226
DMX Distribution and Termination . .................uuuiienneeen... 226
Splitters, Isolation, and Signal Grounding . ............. ... .. ... ... 226
DMX Patching/Merging/Processing/Test Equipment . . ........ ... ... ... .. ... 227
Wireless DMX TranSmiSSION . .. ..ot e 228
Alternate Start Codes . ... .ottt 228
Enhanced Function . .......... ... ... e e 229
The Future of DM X . ... 229
Chapter 23: RDM. .......oouiieiitintntneeeeensntsosesessassnssssssassnnns 231
Basic Structure .. ... .. 232
RDM Message SIUCLUIE . . . ..o vttt ettt ettt 233
Start Codes\ . . ... 234
Message Length ... ... e 234
Destination and Source UIDS . . ... .. i, 234
Transaction Number . ....... .. e 234

Port ID/Response Type . ... ..o 234
Message COUNL . ...ttt ettt e e e e e e e e 235

SUb DEVICE . .o e 235



XViii Table of Contents

Message Data Block . ....... ... .. 235
Checksum . .. ... e 235
The Discovery Process . .. ... 236
RDM MESSAZES . . oottt e e 237
Time Will Tell . . ... e e 239
Chapter 24: ACN . ..ottt ii ittt eeeeeeatsssssessessnsassnssssssassns 241
A Bitof Blue Sky Thinking . .. ... ... 242
For the Designer: . ... .. ... .. e e e e 242
For the Production Electrician . .. ...... .. .. .. i, 242
Background and Mandate ............. ... 243
OVeIVIBW . et 243
ACN’S ACTONYM SOUP .« . ettt et ettt e e e e et e e e e 244
Component [Dentifiers (CID) .. ... ... i 244
Device Description Language (DDL) . ..... ... ... i, 245
Device Management Protocol (DMP) . ... ... ... . . . i 245
Session Data Transport (SDT) Protocol ......... ... ... .. . . . .. 245
Root Layer Protocol (RLP) . ... ... . e 246
UD PP . 246
Ethernet . ... ... 247
Protocol Structure . .. ... ... ot 247
Identifiers and Addresses . ... ...t 247
IP AdAressing . . ..ottt e 248
Fixed Component Type Name (FCTN) ... ... ... i 248
User Assignable Component Name (UACN) . ...... ... ... .. 248
Device Class IDentifier (DCID) . ... .. e 248
InSummary ... ... 249
DISCOVEIY . o it 249
Control 0f DeVICES . ... oot 251
Events and SubSCIiptions . . ... ...ttt e 251
ACN Implementations . ... ...ttt e e 252
Additional ACN Developments . .. ...ttt 253
OPenACN .. 253
More Work inthe ESTACPWG . ... ... i 253
The Future of ACN .. ..o e 254
Chapter 25: MIDI. . .. ...ttt titteeneentsoenseseessnsassnsossssasans 255
Basic Structure . ... ... 256
Physical CONNections . . ... ...ttt e e e 256
MIDI MESSAZES . . o et ettt et e e e e e e e 257
Channel MeSSages . ... .v vttt ittt e e et e 258
SYStEM MESSAZES . . o v v vt e ettt et et e e e 260

ACHIVE SENSING . . oottt e e 262



Table of Contents Xix

MIDISYNC . oo 262
System-EXclusive Messages . . ... ...ttt 262
MIDI Running Status . ... ... 265
General MIDI ... .. 266
MIDI Processors/Routers/Interfaces . ............ ... . . 267
Recommended MIDI Topologies .......... ... i, 269
Common MIDI Problems ... ....... .. e e e 269
The “Octave Problem” ... ... ... .. e e 269
The “Off by One” Problem . ....... ... .. i, 270
Entertainment Control Uses of MIDI . ......... ... ... . . . . . . . . . . 271
The Future of MIDI . . . ... e e 271
Chapter 26: MIDI Show CORtrol ...........uieiiiiiiieieieneenrnsnoeascnnns 273
MSC Command STruCtUIE . . . . .ottt e 275
MSC Message Format . . ... .. e 275
Device ID ... 275
Command Format . ........ ... . . 276
CommandsS . ...t 277
Recommended Minimum Sets . ... ... 278
MSC Commands . . ...ttt 278
Messages for All Types of Equipment . .......... .. ... . . .. 279
“Sound” Commands . ... 281
SamPIe MESSAZES . . o o v vt ettt e 284
Limitations of MIDI Show Control . .. ............ .. 285
Command Response Time . ........ ... . i, 285
Open Lo0D ..ot 285
Version 1.1/Two-Phase Commit . .. ........... .. 286
Future of MSC . ... 287
Chapter 27: MIDI Machine Control. . ...........ouiiiuiieieineinrnonoennnnnns 289
MMOC SYSIEIMS .« . . oottt ettt e e e e e e 290
Command/Response Structure of MMC .. ... ... ... . .. . i 291
MMC Motion Control .. ... .. 291
Motion-Control States . . .. ..o 291
Motion-Control Processes . . ...t 291
MMC Message StIUCLUIE . .. .. v vttt ettt e et e e e e e e e e e 292
Command/Response Lengths . ...... ... .. . . 292
Guideline Minimum SetS ... ...t 292
Common MMC Commands . ... .......i e e 293
Chapter 28: SMPTE and MIDI Time Code . .. .......coovviiuinininsnnnnannnnns 295
Background . .. ... 296

Time Code AdAIesSES . . ..ottt 296



XX Table of Contents

Audio/Visual Synchronization . ......... ... ... i 297
Live Entertainment Time Code Applications ......... .. ... ... . . . io. .. 298
Time-Code TYPes . ...ttt e e 299
Drop-Frame Time Code .. ...... ... . . i 299
25fpsTime Code ... ... i 300
Practical Time Code . . . ... ..ot 300
Hours .. .. 300
Dropouts and Freewheeling . .. ........ . . . . 300
Framing Rate and Drop Frame Mismatches .......... ... ... ... ... .. .... 301
OBt . .ttt 301
Chasing .. ..ot 301
Time-Based Applications without Time Code ............ ... ... ... .. .... 302
SMPTE Time-Code . ... ...ttt e e e e e 302
Linear Time Code . .. ... ...t e e e 302
Vertical Interval Time Code ....... ... .. i 303
Practical SMPTE Time Code . . .. ... .o e 304
Regeneration ... ... ... .. 304
Crosstalk .. ... 304
Distribution . ... ... ... 305
SMPTE Time Code Hardware . ... ..... ... ... i, 305
Time Code GeNerator .. ... ... ... .euutn ittt 305
Distripalyzer . . ... ... 305
SMPTE Display Units . . ... ...ttt e e 306
SMPTE to MTC ... e e e e e 306
MIDITIme Code . ... ...ttt e e e e e 306
MTC MESSAZES . o v v vttt et e e e e e e e e e e 306
SMPTE User Bits In MIDI Time Code . ............o i, 308
Practical MIDI Time Code . ...... ... i e e 308
TimMING ACCUIACY . . . oottt ettt e e e e e e e e e e e e 308
Distribution . ... ... ... 308
Other Time Codes . ... ..ottt e e e e e 309
Computer Time Codes . . .. ... it e 309
Sync or Tach Pulses/Pilot Tones .. ....... ... ..., 309
Video/Audio SYnc . .. ... 309
Chapter 29: Miscellaneous Connection Methods..............ccoviiiiiiinenenns 311
Consumer Interfaces . ........ ... . 312
Universal Serial Bus (USBand USB2) . ........... .. .. .. . . . ... 312
FireWire™ (IEEE 1394) . .. ... e e 313
Bluetooth . . ... 313
Miscellaneous IP-Based Protocols . .. ... .. .. i 313
Art-Net Il ..o 314

Real Time Protocol (RTP) MIDI Payload .. ........ ... ... ... ... ... . ...... 315



Table of Contents xxi

Apple Network MIDI . ... . . 316
Network Time Protocol (NTP) . ... ... .. . i 317
Simple Network Management Protocol (SNMP) ....... ... ... ... ... .. ... 318
Open Sound Control . ... ... .. e 318
Industrial /O Systems . . .. ... i 319
Echelon LOnWOrkS® ................................................................ 319
ModbUS . . .o 319
Controller Area Network (CAN) . ... e e 320
DeviCeNet . .ottt 320
Profibus . ... 320
AS-Interface (AS-1) . .. it e 321
Legacy Video Connection Standards . ........... .. ... i inan.. 321
Pioneer LDP/DVD Control Protocol ........ ... ... . ... .. .. . . ... 321
Sony 9-Pin Protocol . ....... .. .. 324
Part 5: Example Show Control Systems. . ........ccciiiiiiiiiiiiiiiiienennnns 329
Chapter 30: A Theatrical TRURAeErStOrm ... .......cvviieieiinnensnsnssnasnsnns 331
The MISSION . . .o vttt e e e e e e e e 332
Design Considerations . . .. .. ...ttt e e 332
Question 1: What are the safety considerations? ............................ 332
Question 2: What type of show isit? ........ ... ... . . i 332
Question 3: Is the show event-based, time-based, or a hybrid? ................. 333
Question 4: What is the control information source? ......................... 333
Question 5: What type of user interface is required? ......................... 333
Question 6: What devices must be controlled/connected? ..................... 333
The SyStemS . ..ttt e 333
Lighting . ... o 334
SOUNd . 335
PrOpS 335
Show Control SCript . . ... ..o e 336
Approach 1 ... 337
The Results . .. ... 337
Approach 2 ... 338
The Results . ... .. 339
Approach 3 ... 340
The Results . ... .. 341
Chapter 31: Put Ona Happy Face . .. ........coiuiiiiiieiiineenrnonoennnnnns 343
The MISSION . . .o vttt e e e e e e 344
Design Considerations . . .. .. ...ttt e e 344
Question 1: What are the safety considerations? .............. ... .. ......... 344

Question 2: What type of show isit? ........ .. ... . i 344
yp



XXii Table of Contents

Question 3: Is the show event-based, time-based, or a hybrid? ................. 345
Question 4: What is the control information source? ......................... 345
Question 5: What is the type of user interface required? ...................... 345
Question 6: What devices must be controlled/connected? ..................... 345
The Systems . . . ..o e 345
VRO .ot e 345
AUdIO ... e 346
Lighting . ..o 346
Machinery .. ... ... .. 347
Show Control .. ... . e 347
Approach 1 .. . 348
The Results . ... ... e 350
Approach 2 . ... 350
The Results . ... ... e 351
Chapter 32: Ten-Pin Alley . . ..« oo oo vttt ittt iititeeteeencarsnsesessnnans 353
The MiSSION . ..ottt et e et e e et e 354
Design Considerations . .. .. .. ...ttt 355
Question 1: What are the safety considerations? .. ......... .. ... ... .. ... ..... 355
Question 2: what type of show isit? ...... ... ... ... . 355
Question 3: Is the show event-based, time-based, or a hybrid? ................. 355
Question 4: What is the control information source? ......................... 355
Question 5: What is the type of user interface required? ...................... 355
Question 6: What devices must be controlled/connected? ..................... 356
The Systems . . . ..o e 356
Scheduler .. ... . 356
Show VIdeo .. ..o 356
Store VIideo . ..ot 357
Show AUdIO . . ..ot e 357
Store AUdIO . ..o ot 358
ANIMATONICS . . v vttt ettt e e e e e e e e et et e 358
Stage Machinery ......... .. ... e 358
Show Lighting . ... ... e 359
Store Lighting . ... ... e 359
The Approach . ... ... . 360
The Results . ... ... e 363
Chapter 33: Comfortably Rich. .. ..........couuiiiiiiiiiiieteronncnsnsnsennnas 365
The MiSSION . ..ottt e et e e e et e 366
Design Considerations . .. .. .. ...ttt e 366
Question 1: What are the safety considerations? . ........... ... .. ... ... ..... 366
Question 2: What type of show isit? ........ ... .. i i 366
Question 3: Is the show event-based, time-based, or a hybrid? ................. 366



Table of Contents XXiii

Question 4: What is the control information source? ......................... 367
Question 5: What is the type of user interface required? ...................... 367
Question 6: What devices must be controlled/connected? ..................... 367
The SyStemS . . .ttt 367
Lighting . ..o 367
SOUNd . 368
VIdeO . .o 368
Stage Machinery . ....... ... . e 368
Musical Synchronization . .............. ..ttt 369
Show Control SCript . . ... ... e 369
Approach 1 ... 370
The Results . .. ... 372
Approach 2 ... 372
The Results . .. ... 374
Chapter 34: It’s an Itchy World after All . .. ......ooviiiiiiiiiiiiiiinnenannnnns 375
The MISSION . . .o\ttt et e e e e e e e 376
Design Considerations . . .. .. ..ottt e e 376
Question 1: What are the safety considerations? ............................ 376
Question 2: What type of show isit? ........ ... ... . . i 377
Question 3: Is the show event-based, time-based, or a hybrid? ................. 377
Question 4: What is the control information source? ......................... 377
Question 5: What is the type of user interface required? ...................... 377
Question 6: What devices must be controlled/connected? ..................... 377
The SYStemS . ..ttt 3717
Show Control . ... ... 3717
Lighting . ... o 378
VIR0 . .o 378
SOUNd .. e 378
Bffects ..o 379
Cue Light System . . ... . e 380
Audience VOUNZ SYSEIM . . ..t vttt ittt e e 380
The Approach .. ... ... 381
Show Control SCript . . ... ..t 382
The Results . ... .. 387
CORCIUSTON . « . .o oottt i e it ittt sntenennnasnnnnens 389
Appendix: Decimal/Hex/Binary/ASCII Table . .. ..........ccooiiiiiiinnnnnns 391



	Table of Contents


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /AbadiMT
    /AbadiMT-Bold
    /AbadiMT-BoldItalic
    /AbadiMT-Condensed
    /AbadiMT-CondensedBold
    /AbadiMT-CondensedExtraBold
    /AbadiMT-CondensedLight
    /AbadiMT-ExtraBold
    /AbadiMT-ExtraBoldItalic
    /AbadiMT-ExtraLight
    /AbadiMT-ExtraLightItalic
    /AbadiMT-Italic
    /AbadiMT-Light
    /AbadiMT-LightItalic
    /Americana
    /Americana-Bold
    /Americana-ExtraBold
    /Americana-Italic
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /Copperplate-ThirtyAB
    /Copperplate-ThirtyBC
    /Copperplate-ThirtyOneAB
    /Copperplate-ThirtyOneBC
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoAB
    /Copperplate-ThirtyTwoBC
    /Copperplate-TwentyNineAB
    /Copperplate-TwentyNineBC
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /Eurostile-Oblique
    /Flora-Bold
    /Flora-Medium
    /FrizQuadrata
    /FrizQuadrata-Bold
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /GoudyOldStyT-Bold
    /GoudyOldStyT-ExtrBold
    /GoudyOldStyT-Regu
    /GoudyOldStyT-ReguItal
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldItalic
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Italic
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /ItcSymbol-Black
    /ItcSymbol-BlackItalic
    /ItcSymbol-Bold
    /ItcSymbol-BoldItalic
    /ItcSymbol-Book
    /ItcSymbol-BookItalic
    /ItcSymbol-Medium
    /ItcSymbol-MediumItalic
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Tilt
    /OCRB
    /OCRB-Alternate
    /Optimum-Bold-DTC
    /Optimum-BoldItalic-DTC
    /Optimum-Roman-DTC
    /Optimum-RomanItalic-DTC
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /PostAntiquaBE-Medium
    /PostAntiquaBE-Regular
    /Sabon-BoldItalic
    /Sabon-Roman
    /Slimbach-Black
    /Slimbach-Medium
    /Symbol
    /SymbolCZ
    /Symbol-IA
    /Symbol-rA
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-Italic
    /Times-Roman
    /ZapfChancery-Bold
    /ZapfChancery-Demi
    /ZapfChancery-Italic
    /ZapfChancery-Light
    /ZapfChancery-LightItalic
    /ZapfChancery-MediumItalic
    /ZapfChancery-Roman
    /ZapfDingbats
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




