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Introduction

This “manual” is meant to be a basic introduction to the system and equipment currently used at the San Francisco Opera Lighting Department.  The objective is to help familiarize crewmembers with the technology and practices of lighting control and moving light devices.


By no means is this a complete description of all the subtle and complex nuances of the system.  This "manual" is intended to be more of a jumping off point to inspire better-educated questions.


There are many aspects of the San Francisco Opera’s lighting system that can be seen in other systems but in many ways this system is unique.  And, there are some aspects that may be used more often in the future.

Opera Electric Brief History


In the beginning there was “The House Board.”  And it was good.  It took eight people to run and they were required to be able to read music because they had to take their cues directly from the score. There were giant house handles that were directly connected to the dimmers that ran the lights.


Then came automation.  And the “patch shelf” was created.  New dimmers were put down stage right on three levels between 1 Fly and 2 Fly and the dimmers were controlled remotely from the control booth in the back of the house by a 0-10 volt "analog" control signal for each dimmer.


The last of these control systems before the current Strand system was the AVAB “Viking.”  It used its own digital protocol (AVAB protocol) and it could only control dimmers on a one-to-one basis, with almost no soft patch capabilities (I will explain soft patch later).

DMX 512


DMX 512 is the current standard protocol for communications of electronic theatrical lighting systems set by the United States Institute of Theater Technology.  This standard was first developed in 1986, but it is still the standard used by almost every console and moving light manufacturer.


DMX stands for "digital multiplexing."  Before DMX and before AMX (analog multiplexing) dimmers would be controlled by a multi-conductor wire bundle that had one wire for every dimmer to control plus a single common. These would carry a low voltage control signal to each dimmer individually.


This means that if you had 24 dimmers, the multi-cable would need 25 conductors (24 +1 for the common or ground).  So multiplexing was developed in order to operate more dimmers on a single cable run with fewer conductors.  DMX 512 is the final result.

The wire used in DMX 512 is a light gauge (generally 24 awg) 4 conductor (2 twisted pairs) with a shield (which protects the signal from electro-magnetic interference).  But only 2 wires (one twisted pair) and the shield are used.  The other 2 wires are to be used for further developments (that have not been developed yet).


DMX signal is digital which means that it is a low voltage series of pulses that represent 0s and 1s that once decoded represent "Channels" and "Levels."


The number 512 means that DMX is limited to 512 "Channels of Control."  And within each of those 512 channels there can be no more than 256 levels or steps.  These may seem like random numbers, but there're not, they are based on a hexadecimal (base 16) numbering system.


Originally, DMX was meant to control dimmers. This is very simple, if you want dimmer number 1 at 100% then the DMX code would be channel 1, level 255 (0-255 is 256 levels). If you want dimmer 512 at 50% then: channel 512, level 128.


So, 512 dimmers can be controlled with one small 4-conductor wire with a shield.


But, in many situations (including here at the Opera House) bigger, better, faster, more is the rule, and therefore, 512 channels of control are just not enough.  For starters the Opera House has 1938 dimmers alone.  Then there are the all moving lights, scrollers, projections, etc.


So, to solve this problem we have sixteen discrete groups of DMX 512 known as "Universes of DMX."  The first four universes are for the 1938 dimmers.  The next 12 are for the moving lights, scrollers, projections, etc.  But each universe has the same qualities. If you want channel number 1 at 100% then the DMX code would be channel 1, level 255 (0-255 is 256 levels).  If you want dimmer 512 at 50% then: channel 512, level 128.  Now, you just have to specify which universe of DMX you are talking about.


Generally speaking, universe 5 is for scrollers, universes 6 and 7 are for PALs, Vari-Lites and Moto Pars, and universe 8 is for projections and any other assorted stuff.  This is by no means a rule.  Always consult with current paperwork to be sure into which universe a particular device should be plugged.


For instance, if you are told to connect a PAL (PALs will be described in greater detail later) and the start address is 366, you need to find out which universe to use 5, 6, 7, or 8?  If you don't have the right universe of DMX the light will not work.

The Strand Lighting Console


All the sixteen universes of DMX 512 in the Opera House are controlled by one console.  Although we have one console in room 139 ("The House Board") and one console in the control booth and a small console that we roll out on stage, only one console is the "Main" console at a time.


Sorry about all the numbers I'm about to throw at you, but get used to it, they’re here to stay.


The board (or console) looks at the sixteen universes of DMX 512 in two different ways (both of them mean the same thing).  One way is by universe/DMX address.  Just like above, a PAL with a starting address of 366 in universe 6 can be seen as address 6.366.  But, the board also looks at that same address as output (OP) 3436 (512 x 6 + 366).  The board has 8192 (512 x 16 universes) possible outputs or channels of control.


Each dimmer uses one output number and every moving light device uses at least one output number, but most have more.  For instance, a Moto Par only uses one output number (not including the dimmers for the lights themselves or the power for the motor) because it only has one motor inside that goes from zero to full (0-255), down stage to up stage.  A scroller only uses one output number for the same reason; it has one motor that makes a scroll go from zero to full.  On the other hand, a PAL uses more outputs, because it pans left to right, it tilts up and down, and it moves the lamp inside to spot and flood.  Some moving lights can use over 25 outputs or channels of control.


So for our example above, a PAL, whose starting address is 366 in universe 6, the starting output number is 3436.  On a PAL this first address number or "starting address" controls the pan function.  So, if the console brings out put 3436 to full, that PAL will spin around.


But, as we all know nothing is that simple.  And at the Opera if it starts out complicated it is destined to become an unwieldy ball of chaos.


So far, we talked about DMX "channels of control", and Console "outputs", but there is still another layer of numbers to go.  That is "Channels" (the number we chalk on the out side of every light).  This is the number the designer uses.


We hung the PAL and addressed it 366 in universe 6.  It spins around, it tilts, it focuses, etc. But the designer does not know or care about any of the numbers we talked about except what channel it is. This is where we come to the concept of "The Patch." 


There are generally two kinds of patches.  There is the "hard patch" and the "soft patch."  The concept of the hard patch is much like the old-fashioned telephone operator switchboard. Banks of dimmer outputs would be housed on the patch shelf (i.e. the switchboard) and all the circuits from around the Opera House (the wires the operator plugs into the switchboard) would run to the patch shelf. A given circuit would then be plugged into a given dimmer and that would be the "hard patch."


The "soft patch" has very little to do with wires and much more to do with numbers.  The word "soft" is used to accentuate the fact that the "patch" we are talking about is happening inside a computer (as in "software").  A light may have a dimmer, a scroller and spinning pattern holder, but through the soft patch all those different numbers required to make those things work together can be consolidated and simplified for the end user (designer or board operator).


For the Strand console, patching dimmers is a relatively simple thing.  You have a light on the first bridge that the designer calls channel 114, but it is plugged to circuit 442.  At the console the operator simply patches output 442 to channel 114.


But for moving lights it is more complicated.  For instance, our PAL whose starting address is 366 in universe 6, the starting output number is 3436.  But the designer knows our PAL as channel 901. So, the lighting board operator takes our patch information (starting address is 366 in universe 6) and tells the board that those outputs are assigned to channel 901.  Then when the designer calls for channel 901 to be panned left, tilted down, and focused to flood, the console will use all of that patch information to decide what outputs need to have what level.


The Strand console has a feature called a "Fixture Library" that is very important to this process.  This fixture library has information about all the moving lights we use and many more.  The fixture library knows that a PAL requires six channels of control plus one for the lamp.  So, when a PAL fixture is patched to channel 901, the console knows not only how many channels of control will be required to move the light, but what each of those channels does (i.e. pan, tilt, and focus).


These features are known as "Attributes" to the console (and the board operator). Once the patch information is in the board and channel 901 is activated, all the attributes (called 901.3 for pan, 901.4 for tilt, 901.6 for focus, etc.) also become active, allowing the console operator to pan, tilt, and focus.


As I said at the beginning of this section, all sixteen universes of DMX 512 in the Opera House are controlled by one console.  Therefore it is possible and frequent that one channel, which controls a moving light like 901 (our PAL), contains DMX addresses that are from different universes.  In this case, a dimmer in universe 2 controls the lamp inside our PAL, and the rest of the motors in the unit are controlled through universe 6.  The channel number is the only thing they have in common, but that is how they all work together.


How all of this information gets from the console to the dimmers and to all the moving lights is the subject of the next section.
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The way the Lighting Console communicates to all 1938 dimmers and to all the moving lights is through the network. There are two main components to the network that are important to understand. The first part is the hard-wired DMX. The second part is the Ethernet.


The hard-wired DMX part of the network has in part already been discussed in the DMX section. As was said earlier, the wire used to carry DMX 512 signal is a light gauge (generally 24 awg) 4 conductor (2 twisted pairs) and a shield (which protects the signal from electro-magnetic interference) with a 5 pin XLR connector. The signal is digital which means that it is a low voltage series of pulses that represent 0s and 1s that once encoded represent "Channels" and "Levels."


Four of those wires (for the first four universes of DMX) run from the control booth to the dimmer racks on the 5th floor stage right. Another set of four wires (for the same four universes of DMX) runs from room 139 to the dimmer racks on the 5th floor. There is a switch in room 139 that chooses which set of four wires are to run through the dimmers.


On the back of each Strand console (except the little focus console) there are 4 DMX outputs that connect to the wires running to the dimmers. These are for the first four universes of DMX that run only dimmers (all 1938). This is the extent of the hard-wired DMX part of the network.


The Ethernet part is quite a bit more complicated.


Ethernet is a networking protocol. It carries a digital communications signal based on that used to drive the Internet, TCP/IP. It deals in 0s and 1s just like DMX, but it can carry a lot more data a lot faster to a lot more places in both directions.


There are three main parts of the network: nodes, hubs, and the wires that connect them. The Hubs (made by 3Com, as in Candle Stick Park) are the core of the network, and are located in the concentrators in the control booth, room 139, 1 Fly, and 4 Fly. They are all connected through fiber-optic wire. The hubs then distribute information (through phone type wire) to the nodes that are located all over the Opera House.


In terms of channels and patch and levels, the console thinks in DMX 512; but then it translates that information into TCP/IP. The TCP/IP information from the console is transmitted to a hub. Once the information is in the hub, that same information is distributed to all the other hubs and nodes (that are connected to the hubs) throughout the Opera House.


Those boxes on the walls around the theater that have the green blinking light on them are nodes. They are called SN 104s (Strand Node 104). They do only one thing, decode TCP/IP back into DMX 512. From that point on, any DMX device (scroller power supply, PAL power supply, Moto Par, etc.) can be plugged in and get signal from the board.


This leads us to the next sections: specific DMX devices used at the Opera House.

Warning! These sections on specific DMX devices are meant to be an overview. Please consult the manuals and/or someone experienced with or certification in the particular device in question. Plugging the wrong wire to the wrong device could do very expensive damage.

Wybron Color Ram Scrollers


Wybron Color Ram scrollers have two basic components: the power supply and the scroller heads themselves. The power supply gets data from the nodes (universe 5, usually) through a DMX 5-pin XLR cable, and the heads connect to the power supply by a four pin XLR "Data/Power" cable. It is very important to remember that two of the four pins in the "Data/Power" cable carry data and two pins carry 24 volts DC from the power supply to the scroller head. The scroller heads can be "daisy-chained" together using the same four pin XLR cables.


The power supply must be powered by an uninterrupted (if possible), non-dimmable circuit. It has DMX input and throughput. One power supply can power up to 24 scroller heads with different DMX addresses and can also control the fans on all the units. Therefore, when a power supply is addressed, it takes up a range of 25 DMX addresses. The first 24 are for all the possible scrollers and the 25th is for control of the fan on all the units (as a whole group, not individually). So if the starting DMX address of the scroller you want to connect to this power supply is 201 then the power supply will show the DMX range to be between 201-225.

[image: image2.wmf]On the scroller head itself there is a dial and a set of dipswitches. The dial indicates the address of the scroller head (with respect to the starting address of the power supply). So, if the power supply is set at DMX 201-225, and the dial on the scroller is 1, then the DMX address of that scroller head is 201. If the dial is set at 3, then the DMX address will be 203. The dipswitches control other things like remote fan control and dial range. This dial range dipswitch is important. This switch makes the 12 position dial into a 24-position dial. So, if the scroller head you are addressing is in the first set of 12 DMX addresses (in our above case, DMX 210-212), then the dipswitch should be set to 1-12. If the DMX address were in the 213-224 range, then the switch should be in the 13-24 setting. Generally speaking it should be in the 1-12 position, unless there are more than 12 scroller heads connected to one power supply. If all of those things are set right, chances are you are in business because these are great scrollers.

Strand PAL/Pirouette


PALs have the same basic wiring scheme. The power supply must be powered by an uninterrupted (if possible), non-dimmable circuit. The power supply gets data from the nodes (universe 6 usually) and the PAL units are connected to the power supply by a 5-pin XLR "Data/Power" cable. The wires used between the power supply and the PAL units are different than ordinary DMX wire. Just like with the Wybron scrollers, two of the pins carry data and two pins carry 24 volts DC from the power supply to the PAL units. Serious damage could result in connecting the wrong wire to the wrong component. The wires look the same but they are not. Before plugging anything in, you must look carefully or ask someone who is very familiar with the devices to show you the differences between the cables.


As discussed in previous sections, PALs use six DMX channels of control for the fixture itself and one more if it has a Color Call scroller on it. The address for the Color Call is dialed in on the scroller itself.


The first channel of control is for panning. The second channel is called “fine pan”. As was stated above, in DMX 512 there are 512 channels of control and 256 levels of intensity within each channel. "Fine pan" allows for 256 steps within each of the 256 levels of regular pan. This allows for much higher resolution. The third channel is tilt. The fourth channel is “fine tilt”. The fifth channel is the focus channel (the lamp moves towards or away from the lens for spot or flood). And the sixth channel is the “speed” channel.
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Vari-Lites


This is a very big topic, but here is a brief summary.


We have two kinds of Vari-Lites: The VL 5B and the VL 6. The VL 5B is the Par type fixture that uses a 1200-Watt quartz lamp. It has three sets of color "louvers" and one set of diffusion "louvers". This unit also has interchangeable lenses that look similar to Par lenses: VNSP (very narrow spot) is clear, NSP (narrow spot) is stippled, MFL (medium flood) has 8 lenticular rows, and WFL (wide flood) has 12 lenticular rows. The VL6 is a 400-watt HMI focusable projector type fixture with color and gobo wheels, an iris and a dimming shutter.


They both use the same type of power supply called a smart repeater. At the Opera House, the smart repeater gets DMX data from the nodes through universe 6 or 7. And it too must be powered by an uninterrupted (if possible), non-dimmable circuit. The power for the lamps (of both VL-5Bs and VL-6s) is provided through the special Vari-Lite Socapex multi-cable. This cable has a shiny black jacket and it is different from normal Socapex multi-cable because it has a foil shielding to limit the possibility of interference with sound devices as a result of HMI power for VL6s.


At the male end of the Socapex there is a fan out and those circuits that feed VL5Bs get 120 dimmable power from Rack W while the APS rack (arc lamp power supply) powers those that feed VL6s. If you are doing any patching of this type it is very important to know which leads get plugged to which power source.


Between the smart repeater and the VL5B or VL6, Series 300 cable (black jacket works for both VL5Bs and VL6s, gray jacket is only for VL 5Bs) carries both power and data back and forth between the units and the smart repeater. The power supply gets addressed with the starting address of the first VL plugged to port one. The smart repeater can take up to 54 DMX channels: 9 possible channels of control for each of the 6 units that can be plugged to it.


VL5Bs and VL6s also have high-resolution channels like the PALs (i.e. "fine" pan, "fine" tilt...)
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Golden Scan HPE


These units are much more self-contained than the others discussed so far. The most important thing to know is that they need 208 volts AC to operate. At the Opera House the 208 circuits are known as "CC" (constant circuits).


The other moving lights we talked about have been moving yoke instruments. The HPE is a moving mirror instrument. Only the mirror directs the placement of the light beam. This means that any time the fixture is moved or serviced (during the season), great care must be taken to note the angle of the body of the HPE and the position of the mirror. There are numbers and hash marks on the unit to help locate position. It uses an arc lamp and has many fragile moving parts inside the main chassis. Did I mention the mirror is very fragile? Well, it is!


HPEs take DMX directly into the unit (usually universe 8 from the nodes). The DMX address is set with dipswitches on the back of the unit. This particular Golden Scan model uses 12 DMX control channels. A mirror unit attaches to the top of the scan and a special wire connects the mirror assembly to the main chassis.

Moto Pars
These units are made by a local company (Phoebus Lighting) per Opera/Ballet specification.  They use only one DMX address per unit. These units have DMX in and throughput (they can be daisy chained together).


These units must also be powered by an uninterrupted (if possible), non-dimmable circuit besides the dimmable circuits going to the lamps them selves. If a moto par looses power to the motor, or is turned off, they will not move. However, if power is returned (or turned on) the motor will go to its zero position, then it will return to the position dictated by the DMX level transmitted to its address. If there is no DMX signal, it will return to its zero level. This could be useful information when trouble shooting these sometimes pesky lights.


An important feature of these moto Pars is the ability to remove the motor assembly with relative ease. Only four bolts hold the motor housing to the drive assembly. But do not forget the "key way" (a loose X shaped piece of metal) that joins the motor drive shaft to the lamp shaft. If the motor is removed the "key way" should be taken with it so that it does not fall 25 feet on to anyone's head when the bridge is taken to trim.
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DACs


DAC stands for Digital-to-Analog Converter. That is exactly what DACs do. They take the DMX 512 signal that was discussed above in great detail, and turn it into a 0-10 volt DC signal.


DACs must also be powered by an uninterrupted (if possible), non-dimmable circuit. They get their DMX data from the nodes (most often universe 8). The starting address is set via the thumb wheels on the front of the dark colored "Fleenor" box attached to the gray pin out box.


DACs are used to provide control signal to disk effects, dowsers (that don't take DMX directly), HMI starters and what ever little device that may need 0-10 volt control signal.


The brains of a DAC are inside the "Fleenor" box. If the address is set at 1 the "Fleenor" box will take DMX channels 1-24 and turn them into 0-10 volts DC. So if the board said channel 1, universe 8, should be at 50% then the "Fleenor" box whose address was 001 plugged to universe 8 would output 5 volts DC to its channel 1.


The "Fleenor" box is connected to the gray pin out box through a 25-conductor wire.  This box is essentially a fan out (just like for a multi-cable). It has a series of 3-pin XLR female connectors and four, 4-pin XLR female connectors. The first 16 XLR connectors represent the first 16 outputs on the "Fleenor" box. And the last four XLR connectors represent the last 8 outputs; but each 4-pin XLR has a pair of channels, 17&18, 19&20, 21&22, and 23&24.


The reason for having 3-pin/single channel outputs and 4-pin/two channel outputs is that different pieces of equipment have different requirements. If you are connecting an analog dowser to a DAC it has only one motor that does one thing, open and close. But, if you are connecting a Pani disk effect it will need two channels of control, one for speed clockwise direction, one for speed counter-clockwise direction.


To further complicate things, we have disk effects driven by old Bodine motors. They require two channels of control, one channel indicates direction and the other indicates speed (unlike the Pani motors discussed above). Further more, we have special Bodine motor controllers. They are beige rounded rectangular boxes that also need non-dim power. If you are connecting a disk effect (if it is a double disk effect this recipe must be doubled), you must connect the Bodine motor controller to the DAC and then plug the motor to the Bodine motor controller.


These special controllers are necessary because a Bodine motor uses 120 volts DC to operate. These boxes translate the 0-10 volt DC signals (from the DAC) into 120 volts DC with the correct polarity to make the motor spin in the desired direction. But, the good news is they can have the same address, and Pani motors don't need any special controller boxes.


Be careful and get "adult supervision" before proceeding down this winding path of wires and controllers. There are many pitfalls. 

The end


If you have made it all the way to the end without falling asleep, Congratulations! For all the subjects undertaken in this "manual" there are many subtle nuances that were overlooked in the effort to keep things simple and concise. And, the information will become out dated rapidly. So try to keep up with changes and special situations. And do not be afraid to ask questions.
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