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PIXEL MIRROR BASED STAGE LIGHTING
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of and claims priority to
U.S. application Ser. No. 10/038,182, filed Oct. 24, 2001,
now U.S. Pat. No. 6,617,792, which is a divisional of U.S.
application Ser. No. 09/756,037, filed Jan. 5, 2001, now U.S.
Pat. No. 6,515,435, which is a divisional of U.S. application
Ser. No. 09/145,313, filed Aug. 31, 1998, now U.S. Pat. No.
6,208,087.

The present invention describes improvements in a digital
mirror stage lighting system. More specifically, the present
invention describes techniques which are used to improved
operation in the special environment produced by the digital
mirror stage lighting system.

BACKGROUND OF THE INVENTION

Stage lighting systems have increased in complexity in
recent years. It is desirable to be able to change literally any
aspect of the beam projected by a stage light from a remote
location. Light & Sound Design, the assignee of the present
application, have suggested in other patents and applications
that many of these issues couple be improved by a stage
lighting system that uses an active, X, y addressable element
with a digital micromirror device (“DMD”) available from
Texas Instruments. These devices use an array of control-
lable mirrors to selectively reflect light in pixel units. These
devices have also been called digital mirror, digital light
processor (DLP), and other names. Light can be selectively
reflected in units of picture elements or pixels. This allows
total control of light shape and certain other characteristics.
Other devices which are controllable to selectively change
characteristics of pixels of light, such as a grating light valve
(GLV), can also be used for this purpose.

These concepts are disclosed in several pending patent
applications of Light & Sound Design, including Ser. No.
08/854,353, the disclosures of which are herewith incorpo-
rated by reference to the extent necessary for proper under-
standing.

The pixel based light processors, however, themselves
produces certain issues, including control issues and cooling
issues. The present disclosure describes these and other
issues which were found to exist, and describes certain
solutions found by the inventors to combat these issues.

SUMMARY OF THE INVENTION

A number of aspects are described according to the
present invention, and the following summary explains at
least some of these aspects.

A first aspect includes control of the digital mirror device
(DMD) and other associated operations. The control is
typically completely digital, and many of the operations are
carried out entirely mathematically. Therefore, a distributed
control with a first control element that carries out math-
ematical calculations and a second control element which is
optimized for control is desirable.

According to an aspect of the embodiment, the second
control element is affected out entirely by a programmable
gate array, such as a field programmable gate array or similar
configurable device. A particularly preferred embodiment
reconfigures the device after bulb startup, to avoid noise
danger during the bulb startup.
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Another aspect is that the digital mirror has loses a certain
amount of light. This has required brighter, and hence more
power intensive, bulbs. One aspect of this invention is
relates to how the operation occurs to keep the heat of the
bulb and ignition of the bulb from affecting the other
subsystems.

The great amount of heat has produced the need for
advanced cooling techniques. However, the digital mirror
has specialized temperature requirements. According to this
aspect, a pulse-driven thermo-electric cooler is used and the
pulse width to the cooler is changed to change the amount
of cooling.

Other aspects of this invention describe the way in which
the control element carries out the operation.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will now be
described in detail with respect to the accompanying draw-
ings, in which:

FIG. 1 shows a block diagram of the electronics of the
system,

FIG. 2 shows a flowchart of operation of the system of the
supervisor;

FIG. 3 shows a block diagram of the supervisor hardware;

FIG. 4 shows a flowchart of operation of the different
processes carried out by the supervisor;

FIGS. 5A and 5B show a service package type cooler and
detector device.

FIG. 6 shows the thermoelectric cooler connected to the
digital mirror.

FIG. 7 shows a flowchart of the cooling operation carried
out by the thermoelectric device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a block diagram of the electronic control
system of the preferred embodiment. The T1 DLP board 100
is an off the shelf board from Texas Instruments which
carries out control of the digital mirror and other pre-defined
functions. Associated functions for control of this system are
carried out in a field programmable gate array 110 which is
preferably of the electronically reconfigurable type. This
device is reconfigured into certain logical devices.

The video is controlled by a digital signal processor 150,
in this case, a 320C80. The digital signal processor (“DSP”)
150 carries out certain operations under control of the user.
DSP 150 also includes two different kinds of slave memory,
a flash memory 152 which includes the main program for the
DSP 150 and which also includes certain shapes for various
controlled lights. Certain information is also stored in syn-
chronous DRAM 154. On start up, the initial program is
transferred from flash memory 152 into the sync DRAM 154
and used to control the digital signal processor 150 and
certain other aspects of the electronics. The video device
produces an output in the form used by the DLP board 114.

Serial port 114 is connected to receive data from the
controlled console 116. This data can be sent in any desired
serial format and the information is placed on the main data
bus 160. Another serial port 118 is an RS-485 bus driver to
form the motor control bus which is described further herein.
An IIC port 120 is also formed for other communication
operation.

Serial data from the console 116 received via a serial port
114 is input directly to the master digital signal processor
(“DSP”) 150, which is preferably a Texas Instruments
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multimedia video processor (“MVP”) model number
TMS320C80. DSP 150 uses the information to provide a
serial port output which is converted to RS-485 protocol by
bus driver serial port driver 118. The motor control bus is
preferably an RS485 bus which controls and communicates
with each of the motor subsystems as described in our
copending applications.

Each of the motor control subsystems is a separated unit
including all of the hardware necessary to control its asso-
ciated motor and other hardware according to applied com-
mands. The motor control subsystem includes a dedicated
control structure. For example, a pan/tilt motor subsystem
includes all controlling structure for the motor, and the
motor itself. This combination allows a modular operation,
precise matching between components, and more accurate
calibration.

Master DSP 150 has primary responsibility for controlling
operations of the lamp including control of the DMD. This
latter operation requires computation of complex operations
to provide control information for the DMD. At times, these
calculations leave little time for the master DSP 150 to do
much else.

A separate supervisor system 199 has primary responsi-
bility for monitoring status of the lamp and making deci-
sions based on that status. Supervisor 199 is also connected
to the motor control bus. Supervisor 199 is preferably a
microcontroller as described herein. The microcontroller
monitors status of the subsystems including the master. The
microcontroller can also control the motor control bus when
the determined status makes that appear desirable or neces-
sary.

Unlike digital signal processor 150, however, the micro-
controller is a very technically simple device, adapted for
watching the bus and other devices, and monitoring for
errors. The microcontroller carries out minimal number
crunching; its primary function is to protect and diagnose
faults. The supervisor also controls various other functions
in the system.

The supervisor 199 monitors the output of temperature
sensors to monitor and control various temperatures within
the system. Supervisor 199 is also connected to the ballast
of the lamp to monitor the condition and operation of the
ballast. Finally, supervisor 199 receives possible program
parameters from flash memory unit 152.

The operation of the DMD 100 is controlled by master
DSP 156 to form any light shape which can be described as
a plurality of pixels. A library of possible shapes is stored in
image SDRAM 154.

The serial communications device 114 can also be a dual
port RAM with a mailbox. In this case, the information is set
into the RAM, and is flagged. The DSP 150 monitors for
new data by investigating the flag to determine whether the
flag is set. Whenever the flag is set, DSP 150 retrieves the
new information from the RAM and appropriately processes
it.

As described above, many of the control device structures
can be effected using a field programmable gate array 110.
More specifically, any communications port or communica-
tions driver, and/or any and all output buffers are preferably
formed by reconfiguration of the FPGA. The structures can
be described using hardware definition language “HDL” or
each of the electronic structures can be configured. Many
various canned configurations for FPGAs are well known.

The operation of the system is controlled according to the
flowchart of FIG. 2. The system initially boots at step 200,
which requires transferring the system program from pro-
tected flash memory 152 to SDRAM 154, and beginning
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operation. At step 202 a global reset is generated. This global
reset includes at least the DSP reset vector, and may also
force a mechanical reset of all motors.

After the reset at step 202, the DSP main loop is running.
The DSP main loop then sends a command to configure the
FPGA 110 at step 204. The command to configure the FPGA
110 causes the FPGA to form the different logical blocks
shown in FIG. 1. After this, the DSP loop continues shown
generically as step 206. This includes receiving commands
from the console, and other housekeeping functions. The
normal loop continues until an ignite lamp command is
received at step 208. The lamp is a very high powered lamp,
and requires an inductive ballast for operation. The tran-
sients produced by the lamp ignition can cause noise tran-
sients in the rest of the system.

When the ignite lamp command is received at step 208, a
corresponding command is sent to the supervisor subsystem
indicating same at step 210. The supervisor is a low level
system, as described above, which is optimized for control
of faults. The supervisor has overall control of many of the
reset functions, and at step 212, initiates a responsive reset.
This includes including a break on the motor control bus,
holding all the serial come ports in reset, and commanding
all boards attached to the supervisor into a hard reset state.
The operations in step 212 are done to prepare the system for
the inevitable electromagnetic pulse that will be produced by
the striking of the bulb. Once all of the above is completed,
at step 214, the supervisor program is halted, and the lamp
is ignited. This ignition uses a special subprogram during
which no other operations are carried out.

FIG. 2 shows this as halting the supervisor program. After
the lamp is ignited at step 214, the supervisor and all
subsystems are released from reset at step 216. Operation
then returns to the normal supervisor loop and the normal
DSP loop shown as 230.

The supervisor, as described above, is optimized for lower
level operations and monitoring; compared with the higher
level number crunching operations which are carried out by
digital signal processor 150. A block diagram of the super-
visor is shown in FIG. 3. A low level microcontroller such
as the 8051 forms the microcontrolling operation. A power
supply/regulator 302 supplies microcontroller 300 with its
own source of power. This is done to minimize problems
from other power supplies.

An external interface to supervisor 199 is provided by the
tech port 310. The tech port 310 is connected to a tech port
interface 312 which connects to the microcontroller through
a UART. The tech port enables certain operations of the
lamp to be individually controlled through the simplified
serial interface.

An optional indicator subsystem 320 provides indications
of power, data, and error for the operation of the lamp.

Ballast interface 330 connects to the lamp ballast and
controls its operation.

The tech port also includes temperature sensor interface
340. The temperature sensors connect to that interface. An
IIC bus driver is also provided as element 350.

The microcontroller uses associated RAM 360 and real
time clock, which is battery powered by battery 362.

The microcontroller 8051 also includes an RS-485 inter-
face 370 which forms a motor control bus (“MCB”).

As described above, many of the features of the supervi-
sor including the interface elements 312/314, 350 and 370
can be configured out of a field programmable gate array.

The IIC bus 352 connects to a number of different
devices, including ROM 354 which includes the yoke serial
number, another memory including the head serial number,
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information indicative of the ballast serial number and the
temperature sensor, and the like.

The supervisor tracks bulb life by storing an indication of
bulb changing along with the current time stamp, each time
a new bulb is placed into service. Time stamps for other
events are also stored. The supervisor also keeps track of
certain events, including removal of certain subsystems. It is
presumed that these subsystems are serviced when removed.
All of this information is stored in a system “registry” in
EEPROM 354.

Certain changes which cannot be automatically detected,
such as the time since bulb change, are manually entered
into the registry through the tech port 310.

The information in the registry can be read by the serial
device over tech port 310.

An alterative embodiment allows the information to be
commanded to be displayed by the lamp itself as a diag-
nostic gobo. A lamp display command causes the messages
to be converted to fonts and used to control the DMD 100
to display the text error message by shaping the text light
output. This allows detecting the contents of the registry
without a dedicated display terminal using the existing
digital light altering device as a display mechanism. This
effectively uses the gobo function of pixel-level addressable
device to form a diagnostic function.

The supervisor has a number of operating modes includ-
ing the initialization mode, locking mode, general task
mode, error mode, and technician mode. Each of these
modes will be described with reference to the flowchart of
FIG. 4.

The supervisor is initially started in the initialization
mode. This mode can use any number of specific internal
self tests. The self tests are well known in the art, and are
shown generically as step 400. The internal tests include, but
are not limited to, the following:

Internal clock running

External Ram test

IIC bus test

Supervisor temperature sensor test

IIC related bus tests:
Chassis serial number check
Head serial number check
Ballast serial number check
Ballast temperature sensor check
Remote temperature sensor board test
TEC board test
Thermocouples present tests

MCB device tests:

DSP master serial number

Color disk 1 serial number

Color disk 2 serial number

Rear zoom lens serial number

Front zoom lens

Focus lens

Shutter

Custom color

RGB wheel

Pan

Tilt

If the device completes all these tests, control passes to
the next mode called the logging mode. The supervisor
continually logs certain error messages. Step 402 shows a
2-second interrupt driven output routine. The output routine
outputs temperature data and bulb run time every 2 seconds.
The error messages can be output every 2 seconds. An
alternate technique outputs all data changes as they occur.
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The output preferably occurs via the tech port 310 although
alternately output can be carried out in some other way.

The internal motors of the lamp are also monitored for
error messages over the MCB. Each drive module can
produce either an error message or a lack of response. Either
the error message or the lack of response can be taken as an
error.

Certain errors are considered fatal errors and detected at
step 406. For example, over-temperature errors are consid-
ered to be fatal, and certain failed movement errors can be
considered as fatal. If a fatal error is determined at step 406,
then the bulb is turned off at step 408 to prevent damage, or
an erratically-acting lamp unit. An errant light will produce
much less visual anomalies if not properly illuminated.

Once the system is placed into the error mode at step 408,
it remains that way until the technician takes control of the
fixture using the tech port terminal.

The general task processing loop begins at step 410 with
reading temperature sensors and error messages and output-
ting these values to the tech port as necessary. A number of
operations are carried out during these general tasks. The
lamp is also carefully monitored.

Each time through the loop, the general tasks shown
generally as step 412 are also. carried out. These general
tasks include:

Incrementing lamp run time counter

Incrementing bulb run time counter if bulb is lit

Entering time and date stamp for lamp turn on

Entering time and date stamp for bulb on and off events

Lamp status after self check

Change of assembly including new serial number after

change of assembly

Snapshot of temperatures

Also errors are logged including non-fatal and fatal errors
with time and date stamp information for these errors.

At any time during the operation, the technician can take
control of the system, shown as step 420. Normal operation
of the lamp is suspended when the technician takes control.
This is shown as step 422 which requires a halt when the
technician mode is detected at step 420. In technician mode,
the system allows:

Clearing the contents of logged memory by downloading

the log

Performing set moves to allow the technician to check

lamp operation

Run a built-in light “chase”

View error logs in detail or obtain a status check

Perform diagnostic tests and fault finding using the ter-

minal based on error codes

Downlet preset messages to assemblies via the supervisor

to test various operations

In the tech mode, various errors can also be detected and
displayed. Each error code has an associated tech string used
to describe the error in plain but abbreviated English. This
tech string is transmitted through the serial port 312 to the
hand held terminal for display. Various tests are described
herein.

The following list details certain types and categories of
errors that can be detected. This allows the technician to
determine if those errors are fatal or non-fatal.

IIC Bus Start Condition Test

Purpose: Checks that the clock and data lines of the IIC bus
respond correctly when a start condition is generated on
the IIC bus.

Called: Each time an IIC start subroutine is called.





















