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Description
BACKGROUND OF THE INVENTION

[0001] Light valves have been in use for more than
sixty years for the modulation of light. As used herein, a
light valve is defined as a cell formed of two walls that
are spaced apart by a small distance, at least one wall
being transparent, the walls having electrodes thereon,
usually in the form of transparent, electrically conductive
coatings. The cell contains a light-modulating element
(sometimes herein referred to as an "activatable materi-
al"), which may be either a liquid suspension of particles,
or a plastic film in which droplets of a liquid suspension
of particles are distributed.

[0002] The liquid suspension (sometimes herein re-
ferred to as "a liquid light valve suspension” or "a light
valve suspension") comprises small, anisotropically
shaped particles suspended in a liquid suspending me-
dium. In the absence of an applied electrical field, the
particles in the liquid suspension assume random posi-
tions due to Brownian movement, and hence a beam of
light passing into the cell is reflected, transmitted or ab-
sorbed, depending upon the cell structure, the nature and
concentration of the particles, and the energy content of
the light. The light valve is thus relatively dark in the OFF
state. However, when an electric field is applied through
the liquid light valve suspension in the light valve, the
particles become aligned and for many suspensions
most of the light can pass through the cell. The light valve
is thus relatively transparent in the ON state. Lightvalves
ofthe type described herein are also known as "suspend-
ed particle devices" or "SPDs."

[0003] Lightvalves have been proposed for use in nu-
merous applications including windows, skylights, and
sunroofs, to control the amount of light passing there-
through or reflected therefrom as the case may be. As
used herein the term "light" generally refers to visible
electromagnetic radiation, but where applicable, "light"
can also comprise other types of electromagnetic radia-
tion such as, but not limited to, infrared radiation and
ultraviolet radiation.

[0004] The SPD is laminated between two pieces of
glass or plastic and becomes an internal layer. Such a
combination is sometimes referenced as an SPD-Film.
Such SPDs are now being installed into glass so thatthe
amount of light passing through the glass can be finely
controlled based upon the characteristics of the electricity
passing through the glass. At least one methaod by which
such glass and thus its opacity or light transparency may
be controlled is described by Malvino, in U.S. Patent No.
6,897,997 and 6,804,040 collectively referred to as the
Malvino patents. But a device envisioned by Malvino,
while suitable for the manual control of a small number
of co-located windows, is not scaleable nor does it pro-
vide the automated intelligence to actively and dynami-
cally control environments of more than a few windows
such as in an automobile, marine vehicle, train or aircraft,
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to as much as a residential or commercial building or a
skyscraper of such SPD windows.

[0005] The Malvino patents provide the basis for driv-
ing SPD glass by varying voltage at a fixed frequency
which will cause the glass to lighten toward clear or to
darken so as to block most light passing through it. That
device is capable of mapping the non-linear characteris-
tics of SPD into a linear range of values that could be
thought of as setting the glass from say 0 to 100%. The
range is broken down into a small discrete set of settings
for perhaps 6 different opaqueness levels and 6 specific
resistor and capacitor combinations are built into the im-
plementation and are manually selected to set the proper
voltage for the associated degree of tinting. Through that
implementation, a linear manual control, such as a slide
switch or a rotating dial may be attached to the Malvino
controller to directly vary the amount of light allowed
through the glass at any time.

[0006] The Malvino Patents review the use of a few
fixed frequencies at which to drive an SPD Device. As
described, driving the device at a lower frequency tends
to have a slight lower energy utilization curve with regard
to the power needed to drive the SPD Device. Frequen-
cies in the range of 15 hertz to 60 hertz were discussed.
There is a serious potential problem with the aforemen-
tioned SPD Controller when driven by these frequencies.
Itis possible that the SPD device will "sing" and be heard
as a tone in the B-flat range by being driven by a fixed
frequency within that range. An SPD controlled window
typically consists of SPD-capable material in the form of
a clear Mylar coated with SPD emulation, placed in be-
tween two pieces of glass. The SPD device is basically
sandwiched and held in place by glass on both sides. If
50/60 Hertz current travels through the sandwiched SPD
material, in some cases, the Mylar will start to vibrate in
resonance with the driving frequency and may be heard
by people near the window as an annoying hum.
[0007] A considerable issue in the wide-scale world-
wide deployment of SPD windows, is on how residential
and commercial buildings will be wired up to allow some
"central intelligence" to operate the individual windows.
Today, there is no concept of running wires to windows
from some control room in the building. It is not desirable
to introduce a new requirement for building wiring in the
introduction of SPD glass around the world, since thou-
sands of installation people would need to learn and un-
derstand new building wiring requirements. Yet, if any
other techniques are employed to "wire" each window to
the "central intelligence”, it must require little or no train-
ing, and be a relatively low cost so as not to make the
use of SPD glass prohibitive.

[0008] US 2004 119 681 A1 describes a system for
centrally controlling and messenging electrically active
displays distributed at a single site or at multiple sites.
Electronically addressable displays with electricallyac-
tive inks can be used in a variety of applications: as an
indicator by changing state of the display after a certain
time has elapsed, or when a certain pressure, thermal,
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radiative, moisture, acoustic, inclination, pH, or other
threshold is passed. LCDs, plasma displays, CRTs, elec-
trophoretic displays and microcapsulated electrophoretic
displays are described. SPDs are not mentioned.
[0009] WO 97 20437 A1 describes a modularized dis-
tributed electronic price display system which includes a
central computer communicating through a hard wired
or aradio frequency system to receivers located at each
aisle. This system eliminates the wiring and hardware at
the display which would otherwise be necessary in send-
ing an informational signal to each price tag unitforlogical
address verification. The type of the displays is not de-
scribed, SPDs are not mentioned.

[0010] US 6593 902 B1 describes an extending type
ofdisplay apparatus of which the screencan be extended
by connecting a plurality of display units each having the
same configuration to each other. The display unit com-
prises a plurality of display elements arrayed in a matrix.
CRTs, liquid crystal display units and plasmadisplay pan-
els are described. SPDs are not mentioned.

SUMMARY OF THE INVENTION

[0011] The invention relates to a wirelessly enabled
apparatus and associated mesh networking software in-
stalled in large arrays in order to dynamically control the
"skin" of residential and commercial buildings throughout
the day in order to absorb or reflect sunlight in such a
manner as to dramatically reduce the energy consump-
tion of such buildings. The integration of a mesh network
lowers the cost of deployment of such control by permit-
ting the individual devices that control one or more win-
dows, to act as a relay point in moving control signals
from intelligent control points in a Building Skin Control
System to the individual controllers or sets of controllers
which will effect the desired changes. The invention fur-
therrelates to a Suspended Particle Device (SPD) control
apparatus and associated network installed in large ar-
rays in order to dynamically control the SPD glass win-
dows of residential and commercial buildings throughout
the day in order to absorb or reflect sunlight in such a
manner as to dramatically reduce the energy consump-
tion of such buildings. The use of a hierarchical distribu-
tion systemover a LAN or WAN reduces the time to trans-
mit opagueness level commands from a central intelli-
gence point, the Master Building Control Paoint, to all SPD
window controllers in a structure to set individual SPD
windows to a specific level of opaqueness.

[0012] The device described herein corrects for the
"singing" problem by providing the option of driving the
SPD Device at a variable frequency in the low frequency
range rather than a single fixed frequency. Optionally, in
lieu of using a continuously variable SPD driving frequen-
cy, the Controller may randomly drop or phase shift sev-
eral cycles per second. The change/shift is not enough
to be visibly noticeable but it would eliminate the "ringing
effect”. As will be seen below, the system according to
the invention scales from the single-window environment
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to a building with a size beyond that of the currently larg-
estinthe world, Taipei 101 in the Xin-Yi district of Taipei,
with over 32,000 windows.

[0013] This invention provides for a range of SPD con-
trolfar beyondthat previously in existence. The "Scalable
Controller" a.k.a. "SC" of this invention adds intelligence
that greatly expands the capabilities of prior controllers.
As in prior implementations, one to several pieces of
glass may be controlled by a single controller, where sev-
eralis arelatively small number such as 8 and each piece
of glass is hardwired to the controller. The Scalable con-
troller further supports a setup phase whereby the user
may configure the relationship between manual external
control or several individual manual controls and which
window/windows are to be controlled from that manual
setting. In a setting of four windows under the Scalable
Controller, where the windows are referred toas A, B, C
and D, a user may configure the SC so that windows AB
are controlled as a single window and CD as another, or
ABC is controlled as a single window and D as another,
or ABCD is controlled as a single windowor, ABC D are
controlled as 4 separate windows.

[0014] This system coordinates the settings of each of
the windows in a building in an intelligent manner from a
central intelligence point known of the Master Building
Control Point. It will make intelligent decisions based on
many factors including real time events, as to the proper
amount of visible light to permit to flow through each win-
dow in order to take best advantage of the solar heating
effect.

[0015] Enhanced capabilities of the SC over prior in-
ventions provide for full control of all operational param-
eters which effect the characteristics of a SPD. This type
of control existsin each SC to optimize SPD performance
by power utilization or switching speed potentially taking
into account external temperature, while controlling the
haze and clarity.

[0016] The flexibility of the SC and its networking ca-
pabilities also support the display of textual messages or
special light tinting sequences as part of a multimedia
presentation. Such a multimedia display

could change windows along the facade of an office build-
ing in time to the changes in perhaps Christmas Music
during the holiday period. A scaled-down version of such
a system could provide for a moving textual display
across small SPD pixels sitting in a box on a desktop.
These diverse applications reflect the flexibility and im-
portance of this invention.

BRIEF DESCRIPTION OF THE DRAWING

[0017] The invention will be described with respect to
a drawing in several figures, of which:

¢ FIG. 1is a diagram showing an SPD window con-
troller under manual adjustment from a single exter-
nal device.



5 EP 1929 701 B1 6

FIG. 2 is the controller of Figure 1 with the addition
of a photocell or other photosensor to detect the
brightness of sunlight shining on the window under
control.

FIG. 3 creates the Intelligent Controller by introduc-
ing a microprocessor to perform a number of different
functions in support of more sophisticated controller
capabilities as well as Scalable Network operation
of controllers. Additional inputs from sensors expand
the data which the Scalable controller may use to
make decisions.

FIG. 4 shows the Intelligent Controller with a plurality
of manual inputs that are coupled to one or several
window panes that are under the direct control of the
controller as setup by the userviaa setup procedure
in the control software. A single manual input may
control one window or, two, three or four at one time
as if it were a single piece of SPD glass. More then
one manual input may be used to control the same
set of glass in order to support manual controls that
operate from different points in the same room.

FIG. 5 shows different combinations of four-window
panes in this example, and how the set up software
allows any combination of sets of individual panes
to be treated as a single pane of glass.

FIG. 6 shows one of the earliest packet switching or
mesh networks in which data may be sent along al-
ternate paths through intermediate nodes in order to
reach a destination point. This is an example of the
4-node Arpanet in 1969, the precursor to today’s In-
ternet. Host computers sent data to other Host com-
puters in this network and utilized the services of the
Interface Message Processor (IMP) to move data
packets to other IMP’s which were not destination
point but would further relay packets toward the IMP
directly connected to the desired destination Host.

FIG. 7 shows a more advanced packet switched
meshed network in which specific processing appli-
cationsoperate onthe same computer thatisrunning
the packet switching software thereby combining the
functions of Hosts and IMPs in the earlier Arpanet
systems. Increases in microprocessor power al-
lowed these functions to be combined onto a single
platform. This is an example of a Radio Paging Net-
work application utilizing the DLH protocol created
by the Inventor to convert isolated Citywide radio
paging (beeper) systems into a nationwide network
capable of alerting someone wherever they are lo-
cated in the country instead of just a single city. The
Arpanet and Internet utilize formalized routing pro-
tocol specifications such as RIP to dynamically main-
tain alistof bestroutes to a destination at each node.
DLH utilizes a proprietary routing protocol to main-
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tain a list of primary and alternate routes. The pro-
prietary DLH network was eventually replaced with
the Radio Paging Industry standard TNPP protocol
which the Inventor helped to create and Chaired the
Industry committee to promote the use of this proto-
col for more than 11 years. TNPP was used along
with a manufacturer-specific proprietary routing pro-
tocol to maintain the best and alternate paths to each
destination node.

FIG. 8 shows a Scalable Controller network consist-
ing of the Intelligence Controller of Figure 3 integrat-
ed with a radio transceiver to send packets of data
to other transceiver equipped Scalable Controller
nodes. Routing data similar to the Internet REP,
maintains a list at each Controller node of the best
next node to receive data on the path to the desti-
nation node. Unlike the wired network of Figures 6
and 7, the radio network of Figure 8 may sometimes
properly receive data addressed to a different node
than that which received it. In this case, the received
data is ignored/dropped by the node which is not the
next node along the optimal path to the destination.

FIG. 9 shows an example of a network of Figure 8
where a Building Control Point is connected to one
of the nodes of the network. The BCP is a data
processing site to determine which portions of a
building are to be automatically setto a specificopac-
ity at any moment of the day or night. The Data
Processing system may optionally be connected to
the Internet and to a remote central monitoring serv-
ice which oversees the operations of the SPD Build-
ing Skin Control System on behalf of many building
owners. FIG. 10 shows an example of a redundant
Building Contral Point (BCP) supported in the net-
work to insure that the entire system continues to
operate normally evenifthe primary BCP should fail.

FIG. 11 shows how differentareas of a building would
have different types of Hierarchical Control Points to
oversee the operation of Scalable Controllers in cer-
tain portions of a building.

FIG. 12 is a Hierarchical mapping of Control Paints
showing how commands generated at the highest
level Control Point are logically distributed to lower
level Control Points that distribute the commands to
more and more elements at lower hierarchy levels.

FIG. 13 shows how the Building Control Point inter-
faces with an Intelligent Energy Control
System (IECS) via an XML interface.

FIG. 14 shows how the path of the Sun across the
sky changes how the sunlight falls on the windows
of a building throughout the day. The Sun path
changes slightly each day of the year as the Earth
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rotates around the Sun. For any latitude and longi-
tude on the planet, the path that is traversed is well
known.

FI1G. 15 shows five controllers each controlling twen-
ty-four panes.

FIG. 16 shows the letter "E" formed by a 5 by 7 pixel
array with a border.

FIG. 17 shows a lighting effect in which each pane
differs from its neighbor by a few percent.

FIG. 18 shows a controller sending a command to a
decoder which in turn communicates commands to
windows.

FIG. 19 shows two Scalable Controllers (SCs) con-
sisting of the Intelligent Controller of

Figure 1 integrated with a LAN interface so that they
can send packets of data to a Master

Control Point (MCP) located on the LAN.

FI1G. 20 shows thatwhen LANs has reached its max-
imum capacity, due to cable length, a

Bridge may be introduced in order to add another
LAN segment to extend the size of the

LAN.

FIG. 21 shows how to further extend the size of a
local network when the maximum number of LAN
segments and Bridge/Repeaters has been de-
ployed.

FIG. 22 shows the logical connections that form a
hierarchy of control points in order to reduce the point
to point communication loading on the MCP to issue
commands to all SCs in a building.

FIG. 23 shows how the Master Control Point, which
provides the central control intelligence for all of the
individual windows in a structure, can connect to an
external Intelligent Energy

Control System via an XML link. The external system
can modify its operations knowing where windows
have been changed. The external system may re-
ceive sensor input through the MCP and may com-
mand the MCP to modify the setting or some or all
windows under its control. The MCP also has the
option of changing the operation of the windows un-
der

IECS command if better algorithms have been de-
veloped on the IECS and the External system starts
sending the proper control commands..

FIG 24 shows the major subsections which comprise
the Scalable Controller.
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¢ FIG 25 shows one of the typical three-dimensional
tables of data that is programmed into the controller
to operate it. Such table provide information on the
interaction of three variables that together control
the operation of SPD based glass.

DETAILED DESCRIPTION OF THE INVENTION

[0018] With the incorporation of a Microprocessor into
the Scalable Controller, the capabilities and flexibility of
the device are expanded dramatically for use both in a
standalone environment as well as being a data point in
a sea of such controllers which, under such intelligent
control, can dynamically modify the skin of an office build-
ing to provide unprecedented control over its energy us-
age. Eveninthe standalone environment, the SC can be
programmed with the intelligence to reduce energy us-
age in the room where it is being used. The SC may be
put into an automatic mode instead of being under man-
ual control and can operate as described below.

[0019] Although the same functions may be achieved
in several ways, in the implementation described herein,
the end user has the ability to set the latitude, longitude,
window orientation from North, and window angle from
vertical into a suitable data processing program. This pro-
gram creates a profile that can be downloaded into the
SC which uses the setup data to determine the location
on the earth of the window(s) under control and thereby,
for each window, its angle from the sun at any time of
the day. A time/date clock operates in the SC to drive its
window(s) based upon the time of day, day of year, and
the location on the planet. At 1:00 PM on July 2nd in
Manhattan, New York, the windows directly facing the
sun would be set to the maximum opaqueness while
those angled away from the sun would have reduced
opaqueness and those on the opposite side of the build-
ing might be totally clear. As the sun crosses the sky,
each window changes according to the built-in profile.
Yet at 1:00 PM on July 2nd in Sydney Australia, those
windows facing the sunwill be clear, so thatthe building’s
heating system requirements may be reduced by utilizing
the sun to heat windows directly facing the sun, while
windows on the opposite side of the building would be
turned dark so as to keep heat trapped in the building. A
photocell connected to the SC will provide external sen-
sor input so as to allow the SC to further fine tune the
current opaqueness based upon current cloud and
weather conditions. Sidereal information has been well
known and calculable for centuries and may thus be pro-
filed into the SC device itself. Weather conditions that
might block the sun are random real-time events.
[0020] Although such Intelligent control permits sever-
al windows to operate autonomously, in a larger- scale
implementation, it is desirable to put entire segments of
building windows under a coordinated set of controls. In
relatively large types of environments, rather than using
a profile of individual windows, it is possible to perform
more real-time data processing and to make more intel-
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ligentdecisions of the opacity of every segment of a build-
ing atany pointintime. The SC of this invention is capable
of expanding so as to operate in such a mode.

[0021] This system virtually eliminates all building wir-
ing issues to put all SPD windows under a central control.
Each Scalable Controller is outfitted with a low-power,
low-data-rate, limited-range, radio transceiver. These ra-
dio transceivers are capable of communicating on a
point-to-point basis to one or more radio transceivers lo-
cated within other Scalable Controllers in a 3 -dimension-
al space around each controller. The SC microprocessor
is further outfitted with mesh networking software. Such
types of software have been in existence in various in-
carnations for a long period of time. The radio transceiv-
ers send specially formatted packets of data back and
forth between each other. Some packets contain data
which is used to operate the mesh network itself while
other packets contain sensor data or window control in-
formation. Routing control packets are one type of mesh
control packet which is sent. Each SC can be thought of
as a"node" in the mesh network. The routing information
is used to leave information at each individual node to
indicate an available "route" to move data from a window
controller to another intermediate window controller
along a path to a "Hierarchical Control Point (HCP)" or
from an HCP through intermediate window controllers on
its way to a specific individual window controller. An HCP
is the location of a special data processing node, as op-
posed to a window controller node, which is capable of
coordinating the changing of the opagueness of windows
for some segment of a building. There may be several
Office Control Points (OCP), Section Control Points
(SCP), Region Control Points (RCP), Floor Control
Points (FCP), Multi-floor Control Points (MCP) and a sin-
gle Building Control Point (BCP) located in typical build-
ing environment. A single Control Point might exist in a
small implementation while all types of Control Points
may exist in a very large-scale implementation. The use
of additional Control Points reduces communication
overhead in the mesh network and decreases the time
delay between the time a window opaqueness modifica-
tion command is sent and when it is acted upon at indi-
vidual windows. In this instantiation of the invention, any
window SC can become a Control Point via a command
sent from the Building Control Point. Although a Building
Control Point is an Intelligent Data Processing System,
the lower hierarchical control points have a relatively
small set of fixed commands and operations which can
easily be handled at the Microprocessor at any window
SC. In the largest-scale implementation of the Scalable
Controller Network, the BCP can

[0022] inform the Multi-Floor Control Points (MCP) to
change the settings of eachwindow on all floors; the MCP
will distribute this request to each of the FCP’ s; the FCP
’s will distribute the request to the RCP’s; the RCP’s will
send the command to SCP’s; and the SCP’s will forward
the commands to OCP’s which will command each win-
dow controllerin an office to execute the required change.

15

25

30

35

40

45

50

55

Because of the expansion to multiple nodes at each level
of the hierarchy, commands may be simultaneously sent
within different non-overlapping areas of the network
where they may pass through intermediate nodes with
no or little queuing delay, thus having the request exe-
cuted throughout the building in a seemingly simultane-
ous fashion.

[0023] Typically, a window controller is not in direct ra-
dio communication with the location in the building where
aHCP might be located. But every window controller will
typically be within radio communication of several other
window controllers. The mesh netwaorking software per-
mits a data packet to be sent from a source node to any
neighboring node that is along a path which eventually
leads to the destination node, through a series of hops
through intermediate nodes. Because of the multiple
paths that exist between nodes, data can typically be
routed around areas of the network that might be tem-
porarily undergoing radio interference. Data retransmis-
sion and acknowledgments during point-to-point commu-
nications insure that data is not dropped by one node
until the next node in the network has accepted the data
being sent. If such acknowledgment is not received, a
node may send its data onto an alternate path to the
destination. If a segment of the radio network should be-
come isolated, a packet hop count insures that packets
which will never reach their ultimate destination are elim-
inated from the network. End-to-end acknowledgments
let the source and destination nodes recognize when da-
ta must be retransmitted in its entirety because it may
have been dropped due to a particular radio failure cre-
ating isolated subnetworks. Reporting processes built in-
to the Building Controller monitor the nodes in the net-
work, gather interconnectivity data, and take intoaccount
the window controller addresses to assist the installer in
insuring that all nodes are capable of communicating with
the Hierarchical Control Points. Where it might be found
that some portion of the overall network is isolated from
another portion, special nodes may be installed in a ge-
ographical area between existing segments of the net-
work, in order to provide a bridging point for data to move
from one network segment toward the other. There
should typically be at least two nodes to bridge isclated
segments together. The bridges are nothing more than
window Scalable Controllers that are not connected to
any SPD window.

[0024] The Scalable Controllers may be equipped with
various types of sensors that may be used in more finely
controlling the energy usage in a building. A photocell
may be placed onto each SPD glass

and connected to its SC. The Building Control Point
"BCP" may command all the SCs to periodically send
sensor data to the BCP or the BCP may periodically poll
each of the SCs to read photocell and other sensor data.
Through an initial system configuration procedure at the
BCP, itis made aware of the configuration of the building,
the compass direction in which windows face, the latitude
and longitude of the building, the angle at which each
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window is from the vertical, and the location of unique
node and window addresses. Input from photocells
throughout the building allow the BCP to utilize voting
techniques to determine the best areas of the building in
which to increase or decrease opaqueness in order to
reduce the overall building energy requirements for heat-
ing and air conditioning. If areadable compass and glass
angle detector is installed at each SC, the process of
modeling the building to establish more precise control
of each window, is simplified, by directly providing this
configuration information.

[0025] The BCP allows the system operator to estab-
lish special overrides for portions of the building at certain
times of the day and days of the year. This might be
utilized to specify a region of the building undergoing
glare from reflections from other buildings or natural fea-
tures in the area. The override features would allow a
normally clear window to perhaps to be darkened for
some period to eliminate the glare onto that portion of
the building. So some regions of a building might be under
automatic control while other segments of the building
may be under special override conditions at the time. A
complex combination of each control may be in effect at
one time.

[0026] Many "Green" buildings already incorporate an
Intelligent Energy Control System such as the Honeywell
Enterprise Buildings Integrator (EBI). These types of sys-
tems operate/monitor/control the building HVAC system,
circulation of fresh air, elimination of building odors, con-
trol of electric usage, and reduction of energy require-
ments to unoccupied areas. These top-of-the-line sys-
tems also incorporate building security, monitoring and
access control, asset tracking, fire and smoke detection
and even control fire doors and public announcement
systems. This invention extends the capabilities of these
sophisticated systems in a manner that was never pos-
sible before. These system may now effectively control
the skin of the building dynamically during the day, opti-
mizing the use of the sun along with the movement of
heat and air conditioning around the building. The com-
bination of both systems provides a level of efficiency of
an even higher levelthan that capable of standalone win-
dows or BCP controlled windows, since it directly control
multiple subsystems in a building in a coordinated fash-
ion.

[0027] In this instantiation of the invention, the BCP
will provide an XML interface to an external system

to provide additional sensor data to the external system
and to allow the external system to request adjustments
to light levels around the building in a high-level form.
The BCP takes requests from the XML link, interprets
them and executes them by sending the proper com-
mands through the hierarchical network to effect the
changes requested by the external Intelligent Energy
Control System (IECS). When operating in this mode,
the automated controls of the BCP are bypassed. A pe-
riodic "heartbeat” transfer of XML command/responses
over the BCP/IECS link insures that the two systems re-
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main in sync and that they coordinate operations. In the
event the heartbeat is lost, the BCP can fall back to its
automated mode and operate the building independently
until the IECS system comes back on-line.

[0028] This invention utilizes low-cost, low-power, lim-
ited-range Radio Transceivers co-located with each win-
dow controller device, to form a large scale wireless net-
work between all of the windows in a residential or com-
mercial building. Windows are typically within 10 meters
of each other within buildings, so limited range transceiv-
ers are perfectly suited for this environment. The micro-
processor-driven software within each controller oper-
ates the local application functions of the controller while
at the same time executing radio packet switching type
software used to send messages from source nodes to
destination nodes in a building, even though the source
and destination node are not indirect communication with
each other because of their distance from each other.
The data which are to be moved from the source to the
destination are sent to a transceiver which is reachable
from the source node, and toward another radio trans-
ceiver thatis reachable along a path which will eventually
get the packetized data to the desired destination.
[0029] The technique of moving messages from
source computers to destination computers through in-
termediate points in a multiply-connected array of com-
puters was originally referred to as Packet Switching and
was first characterized in the Arpanet, the precursor to
the Internet in 1969. Figure 6, which represents the Ar-
panet's 4-node network operational in December 1969,
could potentially send a packet of data from Host 161 to
Host 163, by handing the data packet to Interface Mes-
sage Processor (IMP) 61, which might forward it to IMP
62, and to IMP 63 where it is handed to destination Host
163. IfIMP 62 finds thatthe link to IMP 63 is not functioning
for some period of time, the same data from Host 161 to
163 could be handed over to IMP 64 to forward the data
to IMP 63 instead of using the failed direct link. The con-
cept in a packet-switched network is to locate alternate
paths to get the packet to the ultimate destination point
even if some individual communication paths are out of
service. Some packet networks utilize fixed routing tables
to define alternate data paths in the event of link failures
and have algorithms to determine when primary or alter-
nate paths are to be utilized. Other packet networks have
dynamically updated routing information that is periodi-
cally updated between adjacent nodes in order to con-
tinually maintain a list of the best route to any ultimate
destination in the network.

[0030] With improvements in hardware and software,
the separation of a Host (applications processor) and a
packet switching network of nodes (the Interface Mes-
sage Processors - IMP’s) was no longer necessary. The
1980 ITT-DTS Faxpak facsimile Store-and-Forward
packet switching system integrated an application which
provided compatibility between different speed fax ma-
chines of the time, with a message passing network which
allowed messages to always be delivered locally instead
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of via what (in those days) were more expensive calls
over long-distance lines. The Wide Area Paging network
in Figure 7 ran an application that permitted any node in
the network to accept a paging message (phone number)
specified through a dial-in telephone call, atextmessage
received from an operator, or a message received from
a remote node, to a paging message that would be en-
coded and transmitted at a destination node. The packet
switching software that operated at the same nodes, di-
rected paging application packets to be dropped off at
the proper destination node or nodes to page a person
in multiple cities.

[0031] Packet networks typically operated with dedi-
cated communication circuits between nodes in different
cities. More recently, the same multi-path packet switch-
ing technique has been deployed into networks of radio
transceivers, utilizing radio links in lieu of wired links be-
tween pairs of nodes. These radio packet switching sys-
tems have become known as mesh networks. Unlike the
2 - D wired communication circuits as in Figure 7, the
radio devices in a mesh network permit point-to-point
communications within a 3-D region of each node. In an
office environment, where each window may represent
a node, windows within a few feet left or right of a partic-
ular window can be thought of as potential intermediate
nodes, as well as windows that are potentially a few floors
above or a few floors below a particular window.

[0032] In this instantiation, a header packet in each
transmission packet specifies the source node address,
destination node address and the address of the next
hopping point along the path to the destination. This data
is transmitted in three dimensions when it is time for this
Scaleable Controller to transmit information to another
point in the network. Many receivers will detect interfer-
ence in the data they receive, and willignore the received
data. Several other receivers may receive the packet but
with transmission errors. Only the node to which the cor-
rectly received packet is addressed will keep the packet,
analyze it and will decide if the data item is to be forward
toward another intermediate node to the final destination
or if the packet is to be handled by the application soft-
ware at this node.

[0033] To allow multiple commands to be outstanding
and be executed at different points in the network simul-
taneously, a logical hierarchical structure is introduced
into the network. Certain network nodes are designated
as Hierarchical Control Points (HCP) that only forward
data toward lower level Hierarchical Control Points. Ulti-
mately, the lowest level HCP logically forwards data only
to a subset of all Scalable Controllers in the network. This
logical configuration allows a single command to be
branched out in multiple commands and each of those
commands to further expand to even more multiple com-
mands, thereby controlling the maximum number of
nodes with the minimal number of control messages at
the highest level. So a command to make all windows
clear in a segment of a building would be initiated at the
highest level node and be handed down to lower levels
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nodes that understood where this command needs to be
sentin order to effect the desired windows in the building.
[0034] On the other hand, sensor data that was con-
sidered as an urgentdataitem towhichtoreach, captured
at the individual Scalable Controllers, would be directed
to higher and then higher levels of HCPs until the data
item reaches the highest level HCP.

[0035] Turningto Fig. 1, we see an SPD window con-
troller 2 under manual adjustment from a single external
device 1. It controls a window 5.

[0036] Fig. 2 shows the controller of Figure 1 with the
addition of a photocell 10 to detect the brightness of sun-
light shining on the window 5 under control.

[0037] Fig. 3 creates the Intelligent Controller by intro-
ducing a microprocessor 3 to perform a number of differ-
ent functions in support of more sophisticated controller
capabilities as well as Scalable Network operation of con-
trollers. Additional inputs from sensors 8 expand the data
which the Scalable controller may use to make decisions.
[0038] Fig.4 showsthe Intelligent Controller with a plu-
rality of manual inputs 1that are coupled to one or several
window panes 51-54 that are under the direct control of
the controller as set up by the user via a set up procedure
inthe control software. A single manual input may control
one window or twg, three or four at one time as if it were
a single piece of SPD glass. More then one manual input
may be used to control the same set of glass in order to
support manual controls that operate fromdifferent points
in the same room.

[0039] Fig.5showsdifferent combinations of four- win-
dow panes in this example, and how the set up software
allows any combination of sets of individual panes to be
treated as a single pane of glass. In a setting of four
windows under the Scalable Controller, where the win-
dows are referred to as A, B, C and D, a user may con-
figure the SC so that windows AC are controlled as a
single window and BD as another, or BCD is controlled
as a single window and A as another, or ABCD is con-
trolled as a single window or, A, B, C, D, are controlled
as four separate windows.

[0040] Fig.6showsone ofthe earliest packet switching
or mesh networks in which data may be sent along alter-
nate paths through intermediate nodes in order to reach
a destination point. This is an example of the 4-node Ar-
panet in 1969, the precursor to today’s Internet. Host
computers sent data to other Host computers in this net-
work and utilized the services of the Interface Message
Processor (IMP) 61 to move data packets to other EVIPs
62, 64 which were notdestination points butwould further
relay packets toward the particular IMP 63 directly con-
nected to the desired destination Host 163.

[0041] Fig. 7 shows a more advanced packet switched
meshed network in which specific processing applica-
tions operate on the same computer that is running the
packet switching software thereby combining the func-
tions of Hosts and IMPs in the earlier Arpanet systems.
Increases in microprocessor power allowed these func-
tions to be combined onto a single platform. This is an
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example of a Radio Paging Network application utilizing
the DLH protocol created by the Inventor to convert iso-
lated Citywide radio paging (beeper) systems into a na-
tionwide network capable of alerting someone wherever
they are located in the country instead of just a single
city. The Arpanet and Internet utilize formalized routing
protocol specifications such as RIP to dynamically main-
tain a list of best routes to a destination at each node.
DLH utilizes a proprietary routing protocol to maintain a
list of primary and alternate routes. The proprietary DLH
network was eventually replaced with the Radio Paging
Industry standard TNPP protocol which the Inventor
helped to create and Chaired the Industry committee to
promote the use of this protocol for more than 11 years.
TNPP was used along with a manufacturer-specific pro-
prietary routing protocol to maintain the best and alter-
nate paths to each destination node. A paging message
originating at node B 72 might be passed to other nodes
73, 74 until reaching a node 71 which is in turn coupled
with antennas which pass information to a pocket pager
receiver 171.

[0042] Fig. 8 shows a Scalable Controller network con-
sisting of the Intelligent Controller of Figure 3
integrated with a radio transceiver to send packets of
data to other transceiver equipped Scalable Controller
nodes. Routing data similarto the InternetRIP, maintains
a list at each Controller node of the best next node to
receive data on the path to the destination node. Unlike
the wired network of Figures 6 and 7, the radio network
of Figure 8 may sometimes properly receive data ad-
dressed to a different node than that which received it.
In this case, the received data is ignored/dropped by the
node which is not the next node along the optimal path
to the destination. Each controller 81, 82, 83, 84 has a
controller, a microprocessor, and a radio transceiver.
[0043] Fig.9 shows an example of a network of Figure
8 where a Master Building Control Point (MBCP) 90 is
connected to one of the nodes of the network. The MBCP
90 is a data processing site to determine which portions
of a building are to be automatically setto a specific opac-
ity at any moment of the day or night. The Data Process-
ing system may optionally be connected to the Internet
91 and to a remote central monitoring service 92 which
oversees the operations of the SPD Building Skin Control
System on behalf of many building owners.

[0044] Fig. 10 shows an example of aredundant Mas-
ter Building Control Point (BCP) supported inthe network
to insure that the entire system continues to operate nor-
mally even if the primary MBCP should fail. One MBCP
(shown as a data processor) is connected to node 81
and a second MBCP (also shown as a data processor)
is connected to a node 87.

[0045] Fig. 11 shows how different areas of a building
would have different types of Hierarchical Control Points
(HCPs) to oversee the operation of Scalable Controllers
in certain portions of a building.

[0046] Fig. 12 is a Hierarchical mapping of Control
Points showing how commands generated at the highest
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level Control Point are logically distributed to lower level
Control Points that distribute the commands to more and
more elements at lower hierarchy levels. There may be
several Office Control Points (OCP), Section Control
Points (SCP), Region Control Points (RCP), Floor Con-
trol Points (FCP), Multi-floor Control Points (MCP) and a
single Building Control Point (BCP) located in typical
building environment. A single Control Point might exist
ina smallimplementation while all types of Control Points
may exist in a very large-scale implementation. The use
of additional Control Points reduces communication
overhead in the mesh network and decreases the time
delay between the time a window opaqueness modifica-
tion command is sent and when it is acted upon at indi-
vidual windows. In this instantiation of the invention, any
window SC can become a Control Point via a command
sent from the Master Building Control Point. Although a
Master Building

[0047] Control Point is an Intelligent Data Processing
System, the lower hierarchical control points have a rel-
atively small setof fixed commands and operations which
can easily be handled at the Microprocessor at any win-
dow SC. In an intermediate size implementation of the
Scalable Controller Network, the MBCP can inform the
FCPs 96, 99; the FCPs will distribute the request to the
RCPs 97, 100, 101, 102; the RCPs will send the com-
mand to OCPs which will command each window con-
troller in an office (not shown for clarity) to execute the
required change. Because of the expansion to multiple
nodes at each level of the hierarchy, commands may be
simultaneously sent within different non-overlapping ar-
eas of the network where they may pass through inter-
mediate nodes with no or little queuing delay, thus having
the request executed throughout the building in a seem-
ingly simultaneous fashion.

[0048] Fig. 22 shows the logical connections that form
a hierarchy of control points in order to reduce the point-
to-point communication loading on the Multi-Floor Con-
trol Point MCP to issue commands to all SCs in a building.
In the example shown, the MCP sends commands to two
Floor Control Points (FCP) that are optimally placed on
separate LANs. Simultaneously, each FCP canrelay the
command to Section Control Points (SCP) that in turn
may transmit the commands to Office Control Points
(OCP). Each OCP may simultaneously relay the com-
mands it has received to the one or more SCs for which
it is responsible. Ultimately all of the SCs will have re-
ceived the required commands, but the hierarchical
structure reduces the total number of data transmissions
across the entire network to reach each SC from the
MCP.

[0049] Fig. 13 shows how the Master Building Control
Point 110 interfaces with an Intelligent Energy Control
System (IECS) 111 via an XML interface 112. Fig. 23
shows in more detail how the Master Building Control
Point 204, which provides the central control intelligence
forallofthe individual windows in a structure, can connect
to an external Intelligent Energy Control System 210 via
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an XML link 209, so that the external system may receive
sensor input through the MBCP and may command the
MBCP to modify the setting or some or all windows under
its control.

[0050] Fig. 14 shows how the path of the Sun across
the sky changes how the sunlight falls on the windows
of a building throughout the day. The Sun path changes
slightly each day of the year as the Earth rotates around
the Sun. For any latitude and longitude on the planet, the
paththatis traversed is wellknown. Another embodiment
of the invention transforms an array of windows into a
part of a multi-media

display. Office buildings are often decorated in amanner
as to enhance the appearance of the city in which it is
located. In Houston, for example, many of the large build-
ings are outlined in rows of small lights on the perimeter
of each building so as to form an outline of the cities
skyline each evening. During holidays, many buildings
will turn specific lights on and off in the building late at
night when the building is primarily empty so as to display
some pattern associated with the holiday. For example,
during Christmas, a cross may appear in the windows of
a large building. Or diamond shape patterns may be dis-
played atdifferentfloor levels of abuilding and at adjacent
buildings as part of the winter season.

[0051] This embodiment extends the MBCP functions
so that it may direct SPD windows to be part of a video
presentation. The controllers are unaffected when add-
ing this capability because they already have the ability
to change any pane of glass under their control to any
setting from clear to dark or any setting in between under
manual or under automated control from the MBCP. So
a special, non-energy-efficiency-related application may
exist in the MBCP to operate the windows in a special
manner as desired by the building operator.

Textual Messaging Mode

[0052] There are two modes of operation, although
they may both operate simultaneously. The first mode is
to use SPD windows to form a textual display of messag-
es. In its simplest application each pane of SPD glass
represents a single pixel of information. The size of the
window pane and the matrix size making up a letter de-
fines how far away the user must be from the window to
be able to clearly read the letters formed. In some cases
a square box of 4 or 9 (2 x 2 or 3 x 3) windows may be
controlled as one in order to increase the size of an in-
dividual pixel. Each controller receives a command from
the MBCP to set its pixel to on or off or at some degree
of shading. Using a set of 48 windows, a 6 x 8 pixel array
may form any letter or punctuation and include a one-
pixel border around each letter.

[0053] The MBCP may operate inanother mode where
the message(s) to be displayed is given to it via an ex-
ternal system rather than from local consoles on the MB-
CP. The MBCP will support several interfaces for mes-
sage entry. This includes an XML type command set be-
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tween the MBCP and an external system. The command
set may operate over a LAN connection, serial port, in-
frared port or other physical method. The MBCP may be
programmed with a sequence of letters/words/messages
to display, with timing information, and with a starting
pixel location. Changing the window/pixel

settings at the specified rate will provide the sensation
that the text message is scrolling across the windows.
This is done, for example, by removing one vertical col-
umn of pixel data on the left side of the display by shifting
the setting of one window to the right over to the one
window on the left. The column of pixels at the right-most
window is forthe nextletterto be displayed. This provides
a smooth scrolling right to left. In a similar manner the
letters may also be scrolled left to right for languages
written in the oppaosite direction. The starting location of
each row of text may be specified so that messages may
start at any floor of windows or several floors at the same
time.

[0054] Logic in the MBCP will also provide for other
textual display features taking advantage of the capabil-
ities of SPD Glass. For example, letters may appear up-
side down and be changed right side up. They could per-
haps be rotated vertically along any of the rows that make
up each letter. The pixels can start at clear and the letters
can be formed by varying the darkness of each pixel in-
dividually or from top to bottom or bottom to top for some
interesting special effects. Words can be brought into
display in the same manner. Darkening columns of pixels
left to right and right to left meeting in the middle of a
sentence or starting in the center and radiating out to the
left and right. Or different starting columns may be se-
lected and the pixels may radiate out in one direction or
both as the letters darken. There is no limit as to the
combinations that can be made to make the generation
of the display more interesting than just displaying a letter
at a time at a given intensity. Of course any of these
special display methods will be available over the XML
interface so external devices may drive arrays of SPD
Glass.

[0055] Although this example reviews the use of SPD
Glass on an office building as a means of displaying mes-
sages, this may be scaled down to smaller applications,
depending upon the size of each pane of glass or pixel.
For example, messages could be scrolled across an atri-
um of SPD glass just above the heads of people standing
under it. Or, if very small panes of glass are used, small
moving displays of SPD glass could be created.

Video Mode

[0056] The SPD windows on a structure may also be
looked at as a sea of pixels each capable of being set to
any shading levelfrom 0% to 100%, the ends of the range
being thought of as Off and On. There is an endless com-
bination of different light level settings across each pixel
in a large array, to provide many random and well-struc-
tured visual effects that would entertain people viewing
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such a display. A large number of preprogrammed sets
of sequences may be defined and stored in the

[0057] MBCP. Each sequence may provide some spe-
cial effect seen across the glass. Sequences may be de-
fined such as:

*  Flash from all dark to all light

»  Start from all dark and lighten to clear slowly

+  from left to right

¢ right to left

¢ top to bottom

*  bottom to top

* centerto edge in a increasing squares manner
*  edge to center

»  Checkerboard pattern

*  And many many others

[0058] The MBCP will support many means of initiating
a sequence and the ability to store away ’scripts’ of pre-
programmed sets of sequences. The MBCP will be able
to be driven via the serial port or LAN connection of a
PC. It can also support an external device that is actually
an array of buttons and switches, where the combination
of a switch setting and pressing a button initiates a pre-
programmed sequence. In this way an operator may
"play" sequences in time to external music, just as alaser
light show operator uses a similar type panel to initiate
pre-programmed lighting effects that are in tune with the
music playing. An elaborate array of new sequences may
be established off-line and sent to the MBCP from an
external system at any time. Some of these external se-
quences may be later stored in the MBCP and called up
by reference number rather than having to repeatedly
download the sequence from an external device. For fur-
ther integration in a multi-media environment, when the
window array is set to full dark, video projectors could
potentially be utilized to display moving images across
the SPD glass. This sequence would be requested when
external video projectors are commanded to start dis-
playing video data.

[0059] The array of pixels associated with one instan-
taneous state of a sequence, is set to specific levels via
the sending of wireless commands to each of the neces-
sary controllers to set its associated pixels to the proper
setting. The wireless command may be received directly
from the radio interface at the MBCP or via any interme-
diate node(s)/controller(s) in the array (mesh packet net-
work) when the controller of a particular pixel is not in
direct communication with the MBCP.
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[0060] The ability of the MBCP to provide visual special
effects across window arraysis further enhancedthrough
a set of special interfaces that are supported by the MB-
CP. The MBCP can be made to appear as a controllable
lighting system to lighting industry standard DMX based
Intelligent Control System. These systems already have
support for creating and saving scripts of special effects
in support of multi-media lighting shows.

X.10 Control of SPD Windows

[0061] The controllers of the invention may operate
over a wireless network in support of automatic remote
control in a large building environment. But in smaller
environments, such as a residential project having per-
haps 16 windows, the wireless control solution may be
overly expensive in some situations. In order to address
this situation, there is another variation of the scaleable
controller.. Instead of integrating the controller with a ra-
dio transmitter and receiver as described above, this in-
vention provides an interface to the above controller
which is capable of receiving X.10 control signals over a
110VAC/220VAC power line. A United States patent that
is now expired covered the X.10 communication protocol.
Yet, because of how long it has been in existence, the
number of compatible products that exist, the easy avail-
ability of X.10 controllers that send control signals over
the power line, and their low cost, an X.10 compatible
interface is desirable. Fig. 18 shows a controller 181
transmitting X.10 signals, sendingacommandtoan X.10
decoder 182 which in turn communicates commands to
windows 183

[0062] The X.10 interface option will be placed onto
the controller circuit card that is operating one or more
panes of glass. Each controller will operate via a direct
power connection to the 110VAC/220VAC power line.
Upto 256 windows may be controlled inthis environment.
Each window controller will be assigned an X.10 Letter
(Home/Network ID) and Number Code (Device ID).
When the window controller sees its address on the pow-
erline bus, it will then lock for a command signal such as
ON, OFF, DIM UP, DIM DOWN. An ON signal will be
executed at the controller as a signal to set the window
to full Dark. An OFF signal will be interpreted as setting
the window to full Clear. The controller maintains the cur-
rent setting of the window under its control. A DIM UP
command will slowly increase the darkness of a window
from 0% toward 100% and a DEM DOWN command will
slowly decrease the darkness making the window clear-
er. Any X.10 device capable of sending these four signals
to any of the 256 possible X.10 addresses will now be
capable of contralling any SPD window. X.10 controllers
currently exist to send these four signals

under manual control or to program a computer to send
commands at particular times of the day. This will provide
a very simple means of local control of a small number
of SPD devices. A similar interface will exist for support
of several wireless replacements to X.10 devices, Z-
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Wave, Insteon, and 802.11.15 ZigBee.

[0063] Fig. 15 shows 5 controllers each controlling 24
window/panes. These window panes may physically be
aligned so that A and B are next to each other and E and
D are directly below them. This would form an 8 x 12
pixel array. Commands from the MBCP will be sent via
its local transmitter, M, into the wireless mesh network.
It may be able to communicate with controller D directly,
but can not reach controller B. So it relays its command
through node controller C to command B to set its pixels.
To control the settings at node A, the command may for
example goviathe path M,D,E.Aor M,D,B,Aor M,C.B,A.
[0064] Fig. 16 shows show the letter "E" formed ina 5
by 7 pixel array of darkened windows, with a border at
the left and top having a with of a single window/pixel.
[0065] Fig. 17 shows a lighting effect in which each
pane differs from its neighbor by a few percent.

[0066] Itwillbe appreciated thatthis invention provides
for a range of SPD control far beyond that previously in
existence. The "Scalable Controller" a.k.a. "SC" of this
invention adds intelligence that greatly expands the ca-
pabilities of prior controllers. As in priorimplementations,
one to several pieces of glass may be controlled by a
single controller, where several is a relatively small
number such as eight and each piece of glass is hard-
wired to the controller. The Scalable controller further
supports a setup phase whereby the user may configure
the relationship between manual external control or sev-
eral individual manual controls and which window/win-
dows are to be controlled from that manual setting. In a
setting of four windows under the Scalable Controller,
where the windows are referred to as A, B, C and D, a
user may configure the SC so that windows AB is con-
trolled as a single window and CD as another, or ABC is
controlled as a single window and D as another, or ABCD
is controlled as a single window or, AB C D are controlled
as 4 separate windows, as mentioned above in connec-
tion with Fig. 5.

[0067] Although such intelligent control permits sever-
al windows to operate autonomously, in a larger scale
implementation, it is desirable to put entire segments of
building windows under a coordinated set of controls. In
relatively large types of environments, rather than using
a profile of individual windows, it is possible to perform
real-time data processing and make more intelligent de-
cisions of the opacity of every segment of a building at
any point in time. The SC of this invention is capable of
expanding so as to operate in such a mode.

[0068] WhentheSCisinmanualmode,itutilizesinputs
from the room occupant to control the precise setting of
the opaqueness of the SPD glass or plastic it is control-
ling. There is a range of different manual input devices
that might be used. Switches, rheostat-like devices, or
capacitance-type devices that have no moving parts but
can sense the touch of a finger, for example, my all be
utilized. But the SCs may also receive commands sent
to it via a Local Area Network to which the SC is con-
nected. The SC allows for the plug in of an LAN card so
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that it may receive commands from elsewhere in the net-
work to control functions to be performed. Multiple LANs
may be connected via Repeater/Bridges to increase the
size of the physical area of building windows that s being
covered. When the maximum length LAN has been
reached, a router can be deployed to connect independ-
ent LANs to each other in the creation of a wide area
network capable of reaching every SC in the building.
The purpose of this wide area network is so that each
SC may receive commands that are initiated from a cen-
tral intelligence point, the Master Building Control Point
(MBCP), where a data processing system is making de-
cisions as to the optimal setting of each window. The
MBCP is capable of taking in data from sensors that are
collocated with SCs by polling for their data, and from
other inputs that may be read through the network it is
connected to, utilize latitude and longitude information,
time of day, day of year, and other facts in order to make
decisions how to optimally set the current opacity levels
across the building. The MBCP may then send com-
mands through the network to each individual window to
select the optimal setting.

[0069] The Scalable Controllers may be equipped with
various types of sensors that may be used in more finely
controlling the energy usage in a building. A photocell
may be placed onto each SPD glass and connected to
its SC (see Figs. 2 and 3). The Master Building Control
Point "MBCP" may command all the SCs to pericdically
send sensor data to the MBCP or the MBCP may peri-
odically poll each of the SCs to read photocell and other
sensor data. Through an initial system configuration pro-
cedure atthe MBCP, it is made aware of the configuration
of the building, the compass direction in which windows
face, the latitude and longitude of the building, the angle
at which each window is from vertical, and the location
of unique node and window addresses. Input from pho-
tocells throughout the building allow the MBCP to utilize
voting techniques to determine the best areas of the
building in which to increase or decrease opagueness in
order to reduce the overall building energy requirements
for heating and air conditioning. If a readable compass
and glass angle detector is installed at key SCs, the proc-
ess of madeling the building to establish more precise
control of each window, is simplified, by directly providing
this configuration information.

[0070] In orderto reduce the overall load on the back-
bone of the LANs and to allow commands to be executed
truly simultaneously across the network, a hierarchy of
Intelligent Control Points may be created. The control
points could be nothing more than individual SCs that
are commanded by the MBCP to act as relay stations on
behalf of the MBCP. At the highest level of the hierarchy,
the Master Building Control Point exists that makes in-
telligent decisions as to the current settings of opaque-
ness at all points in a building of SPD glass. Depending
upon the size of the implementation, there are several
levels of hierarchy. The Master Control Point sends
opaqueness modification commands to one or more of
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the Hierarchical Control Points that in turn communicate
with several lower level Hierarchical Control Points and
eventually to each of the individual SCs for which it is
responsible. Such a multi-level distribution of control re-
duces the volume of data packets traversing the LAN on
which the Master Control Point exists and hands off the
command distribution to each of the local LANs thus re-
ducing the load on the Master and on the backbone net-
work. It also allows for commands to be executed more
quicklythanif each had to be sent directly from the Master
Control Point, since each Hierarchical Control Paint is
performing the distribution of commands for the Master
on each of its local LANs. Therefore commands are sent
simultaneously across multiple LANs instead of serially.
This allows a very large number of Suspended Particle
Devices to be changed more quickly and simultaneously.
[0071] In this instantiation of the invention, the MBCP
will provide an XML interface (as shown in Fig. 13) to an
external systemto provide window tinting information and
additional sensor data to the external system and to allow
the external system to request adjustments to tinting lev-
els around the building or adjust room lighting under its
control. The MBCP takes requests from the XML link,
interprets them and executes them by sending the proper
commands through the Hierarchical network to effect the
changes requested by the external Intelligent Energy
Control System (IECS). When operating in this mode,
the automated controls of the MBCP can be optionally
bypassed, rather than using the derived information to
command all windows to set in an optimal way. Instead,
the commands are generated based upon the XML mes-
sages that arereceived fromthe IECS. A periodic "Heart-
beat" transfer of XML command/responses over the MB-
CP/IECS link, insures that the two systems remain in
sync and coordinating operations. In the event the heart-
beat is lost, the MBCP can fall back to its automated
mode and operate the building independently until the
|ECS system comes back online. Optionally the MBCP
can remain in direct control of window tinting providing
the IECS with data to help augment its operations.
[0072] Fig. 19 shows two Scalable Controllers (SCs)
191, 192 consisting of the Intelligent Controller of Figure
1 integrated with a LAN interface 194 so that they can
send packets of data by means of a LAN 193 to a Master
Control Point (MBCP) 192 located on the LAN.

[0073] Fig. 20 shows that when each of several LANs
201 has reached its maximum capacity, due to cable
length of in this example, a Bridge 202 may be introduced
in order to add another LAN segment to extend the size
of the LAN. This would be the first method used in a
structure to be employed to connect more controllers to
a Master Building Control Point 204 which is controlling
the settings of all of the SCs. This figure also depicts a
Hub 205 which provides direct connectivity to individual
SCs 206 rather than multiple SCs hanging off a shared
wire. The connection between the Hub 205 and the indi-
vidual SCs 206 may be wired or could be wireless. Using
wireless LANs reduces the amount of building wiring that
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must be done to connect every Scalable Controller to the
network that will provide connectivity to the Master Con-
trol Point 204 containing the building control logic.
[0074] Fig. 21 shows how to further extend the size of
a local network when the maximum number of LAN seg-
ments and Bridge/Repeaters 202 has been deployed. A
Router component 207 is added which allows new and
independent LAN segments to be connected to the Rout-
er 207. The Router 207 recognizes when data has been
directed to a LAN address that is on a different LAN, and
itthentakesthatdatafromthereceiving LAN andresends
it over the correct LAN where the destination address is
located. Mapping tables tell the Router 207 what ranges
of addresses each LAN handles. SCs located all over a
large building are connected to the closest LAN in order
to receive messages from the Master Building Control
Point 204 located on the same or a remote LAN or from
the Hierarchical Control Point located on the same LAN.
This allows the MBCP to instantaneously change the
opacity setting of any window in the building.

[0075] It will be appreciated that what has been de-
scribed above greatly expands the Malvino patents in
terms of scalability. But the SC also expands the basic
functionality of the Malvino patents by providing a means
of control of SPD far beyond that envisioned in those
patents. The microprocessor-driven device can control
the modulation of the voltage, setting of any desired op-
erating frequency and/or setting of waveform character-
istics to at least one suspended particle device (SPD)
thereby controlling the light valve transparency charac-
teristics of the device, as well as a means of manually
controlling the modulating means where manual control
information is read by the microprocessor and said mi-
croprocessor then adjusts modulating means based up-
on the setting of the manual control. There can be a plu-
rality of manual control devices and/or a plurality of indi-
vidual SPD devices hardwired to the microprocessor driv-
en device. There can be a setup procedure where the
relationship between which one of a plurality of manual
control devices is to be used to directly control the SPD
opacity of one or more of a plurality of hardwired SPD
devices so as to actas if it is a single SPD device. There
can be a means of externally controlling the modulating
means through digital commands received over a com-
munications channel. There can be a radio transmitter
and receiver, using point-to-point radio communications
to transmit and receive data at neighboring microproc-
essor driven devices, where remote radio receiving de-
vice interprets the header of a packet of data sent by the
transmitting device and only processesthereceiving data
if necessary as determined from the packet header data.
If the header data at the receiving microprocessor spec-
ifies that said receive data is meant for a different micro-
processor driven device that is not directly in communi-
cation with the receiving device, the receiving device
shall resend the data packet toward another microproc-
essor driven device or node, by consulting an on-board
dynamically updated Routing Table to send the data fur-
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ther along in the aforementioned network via additional
intermediate hopping points. Once said packet of data
reaches its final destination point, it is processed by ap-
plication software at that final destination.

[0076] Many different types of packets may be sent
through the network, some of which are used to maintain
the network itself, others which move statistical data
through the network and others which move application
data such as Light Valve commands, through the net-
work. One type of network packet may distribute instan-
taneous routing informationthatwill be used ateach node
to assist in the determination of the best next route to be
used to move this packet toward the destination node.
Another type of packet will contain SPD Glass control
command for a remote node, asking the remote node to
change the local Light Valve to a particular setting.
[0077] The system may incorporate an interface to a
Local Area Network (LAN) to connect a Master Building
Control Point, a microprocessor-driven device which
makes intelligent decisions regarding what opaqueness
should be set at an individual window, and sends com-
mands to other parts of the system over the LAN. The
LAN may be wired via Thinnet, Thicknet, twisted pair,
optical fiber or other wired LAN means, or wireless using
any variant of IEEE 802.11, or IEEE 802.15 or other
wireless LAN means. The LAN may be bridged toanother
LAN to extend restrictions on bus length or the number
of devices connected to one bus. The LAN may be ex-
tended using a router in order to connect to other LANs
over a much larger area of a residential or commercial
building that can be reached by a single LAN in order to
communicate with the Master Building Control Point at-
tached to the local or wider area network.

[0078] The controller may run a particular set of soft-
ware that enables it to perform its normal functions in
addition to becoming an "Intelligent Control Point” on the
LAN referred to as the Hierarchical Control Point. This
device is capable of communicating with every one of
the devices in a hierarchy.

[0079] The system may automatically change the Light
Valves under its control, based upon the physical orien-
tation of the SPD Device on the earth, the latitude and
longitude of the SPD device, the day of the year and the
time of the day. The microprocessor will support a profile
of data which is derived from off-line processing of the
orientation of the window in space at every moment of
the year so that optimal Light Valve settings may contin-
uously be made in order to reduce energy utilization in
residential and commercial environments using window
based SPD Devices.

[0080] If manual override operations are used to over-
ride automated operations, after a specific period of time
automated operations may resume. Automated opera-
tions may be resumed when a room occupancy sensor
does not show any movement in a room for a specific
period of time. The system may support a small number
offixed profiles for daytime and nighttime opacity settings
and a switch to manually set which profile is currently in
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effect. There may be two profiles and the manual switch
may be labeled Summer and Winter. There may be four
profiles and the manual switch is labeled Summer, Fall,
Winter and Spring.

[0081] Inthe system, optimal Light Valve settings may
be derived in real time in lieu of using a predetermined
profile of information. Such real-time calculations might
be performed at the Master Building Control Point.
[0082] Adevice comprising the same electronics as an
SPD controller may not connected to any SPD device
but may only used as an intermediate hopping point to
move data between other fully SPD operational devices,
utilized in spots where radio coverage is poor where fully
operational devices are unable to communicate directly
with each other. This hopping-pointdevice may be placed
in an otherwise dead spot between other devices, to act
as a bridge between the other devices.

[0083] In the system, messages may flow through a
hierarchy of specialized nodes and not from any node
to any other node in the network. At the highest level of
the hierarchy, a Control Point exists that makes intelligent
decisions as to the current settings of opaqueness at all
points in a building of SPD glass. Depending upon the
size of the implementation, there are several levels of
hierarchy. One of these Building Control Points commu-
nicates several lower level control points so that each
may simultaneously act upon the command to modify the
Light Valve setting at a controller. The lower level control
point may further distribute the command to another low-
er level of control points to further spread the command
to the largest number of points in the quickest time so
that the windows may be activated as quickly as possible.
[0084] In the system, messages may flow through a
hierarchy of Intelligent Control Points located on the
same or different LANs than the Master Control Point. At
the highest level of the hierarchy, a Control Point exists
that makes intelligent decisions as to the current settings
of opacity at all points in a building of SPD glass. De-
pending upon the size of the implementation, there are
several levels of hierarchy. The Master Control Point
sends opacity modification commands to one or more of
the Hierarchical Control Points which in turn communi-
cate with several lower level Hierarchical Control Paints
and eventually to each of the individual controllers within
its realm of control. Such a multi-level distribution of con-
trol reduces the volume of data packets traversing the
LAN on which the Master Control Point exists and hands
off the command distribution to each of the local LANs
thus reducing the load on the Master and on the back-
bone network. It also allows for commands to be execut-
ed more quickly than if each had to be sent directly from
the Master Control Paint, since each Hierarchical Control
Point is performing the distribution of commands for the
Master on each of its local LANs. Therefore commands
are sent simultaneously across multiple LANs instead of
serially. This allows a very large number of Suspended
Particle Devices to be changed more quickly and simul-
taneously.
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[0085] The SC may modulate the frequency across a
variable range, occurring simultaneously with the varying
of Voltage driving the SPD Device. Driving the device
over a variable frequency can eliminates- a potential for
the glass to "sing" (generating an audio tone) that would
otherwise annoy human individuals in the same room.
[0086] A scalable controller may include a sensor cir-
cuit to detect a drop in the current flow through the SPD
material. This would be indicative of a breakage in the
SPD material. In this event the SC sends the MBCP a
"glass breakage detection" message to denote the event.
The MBCP inreceiving the alarm is capable of determin-
ing which window this came from and will request human
intervention through any of a number of different means.
This might include one or more radio paging messages
sent over the Internet, a short message for one or more
cell phones sentover the Internet, calling a central station
monitoring facility and generating a synthetic voice mes-
sage, sending a message over the Internet to a monitor-
ing service specifically overseeing the SPD-glass build-
ing control, among other means. The MBCP maintain
hysteresis logic so thatif flooded with breakage detection
messages at any one time, multiple alerts are not gen-
erated, unless they are not responded to in a given period
of time. The MBCP is capable of turning off the glass-
breakage detection logic at an SC for any period of time,
s0 as to avoid being flooded with messages from entire
sections of the building, after the alert has been acknowl-
edged.

[0087] For all SPD applications including automotive,
marine, aerospace and architectural, the controller of this
invention can drive the SPD in more sophisticated ways
than in the Malvino patents.

[0088] First, various waveforms can be used rather
than a single waveform.

[0089] Second, the duty cycle can be varied, to con-
serve energy.

[0090] Withinthe controller, two or more electro-optical
lookup tables can be stored to support multiple types of
SPD film.

[0091] The manner of driving the SPD can be adjusted
based upon external temperature.

[0092] And, power can be dynamically managed toop-
timize power consumption.

[0093] The Malvino 6,897,997 and 6,804,040 patents
provided for a basic method of driving SPD based mate-
rial so that it changes from its clear to dark state or to
various levels of transparency in between. These basic
patents do not address the full operational parameters
of SPD material or their control. The microprocessor-cen-
tric SC provides for an unprecedented level of fine and
optimized control of SPD material through several meth-
odologies, algorithms and feedback mechanisms that
this enhanced controller patent describes.

[0094] The Malvino '997 and '040 patents were con-
cerned with the creation of some set of electronics that
would allow SPD-based material to change state. But
detailed studies of the nature of SPD material reveals
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thatthere are several features of SPD material other than
transparency that must be taken

into account to properly control SPD-based windows.
And there are many variable factors which control these
features.

[0095] The mainfeature of SPD materialis in its ability
to move from a clear state to a dark state and back again
or to any intermediate transparency level, based upon
the frequency and AC voltage level applied. But other
important features to control are switching time, haze,
clarity, possible singing or humming of the SPD material
laminated between two pieces of glass or plastic, and
power consumption. There are many parameters whose
settings affect these features. These are AC voltage, fre-
quency, frequency tolerance, temperature, wave form,
wave phase, duty cycle, thickness of the SPD material,
the manufacturer of the SPD material and sometimes
which production run itself within one manufacturer. The
simple circuits of the Malvino 6,897,997 and 6,804,040
patents are incapable of factoring in all of these param-
eters to provide the desired performance of the SPD ma-
terial.

[0096] Different applications of SPD will require opti-
mization of some manner of operating a SC. In building
applications that are targeted at energy efficiency the SC
will emphasize those functions aimed at energy conser-
vation. Switching speed would be traded off for energy
efficiency. In an automabile the vendor may wish glass
switching speed to remain a constant regardless of the
exterior temperature of the vehicle. The SC caninsure a
lower switching speed by driving the SPD materials at a
higher frequency when the outdoor temperature is very
low at the expense of utilizing more power.

[0097] Figure 24 shows the logical structure of an em-
bodiment of the invention. This is an enhanced controller
notonly inits ability to become part of a larger coordinated
netwark of controllers, but it the enhanced intelligence of
each individual node in its control of SPD material.
[0098] The Command and Control portion of the con-
troller receives commands from an external source (such
as an optional A/D type device like a dimmer switch for
example) or other microprocessors over a communica-
tions link, to set the light transparency level of SPD Glass
to a particular level. The SC may utilize sensors through
its A/D interface to determine the external temperature
to take this into account to optimize either switching time
or power consumption, whichever is of more importance
to the user. A particular shape wave form is set up by the
wave generation logic which modulates the required
amount of power at the optimal frequency to switch the
glass. To reduce the power being utilized to maintain the
SPD material at a particular transparency level, the duty
cycle of the waveform utilized is reduced. Algorithms built
into the software of the SC take into account the goal
which is to be achieved and adjust the setting of the fac-
tors mentioned to provide the desired goal. The SC has
full flexibility to adjust all performance affecting parame-
ters in a particular environment.
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[0099] The controller has a series of internal 3-dimen-
sional tables similar to Figure 25, which map various op-
erational parameters against others in order to know how
the changing of one factor or two factors will affect the
third. For example, the table might define the proper volt-
age and frequency required for absolute levels of light
transmission. Another such table would describe the re-
lationship between switching time and frequency for a
given amount of power. A third table would provide a
model of switching time and frequency for a given tem-
perature. A fourth table would evaluate switching time
and frequency for a given temperature.

[0100] Using algorithms built into the intelligent con-
troller it may make trade-offs to optimally operate SPD
material according to the goals that are programmed into
its memory. If the maintenance of switching time at less
than 2 seconds from dark to clear is desired, then these
algorithms will pull data from these tables to increase the
frequency of the AC signal, increase the voltage and pro-
vide extra power in order to provide a specific level of
transparency for a particular manufacturer's SPD mate-
rial. If in another instance, power consumption was the
factor for optimization, the SC would operate the SPD
material at a lower frequency and adjust the voltage ac-
cordingly in order to achieve absolute levels of transpar-
ency, where the reduced power consumption would be
atthe expense of a switching speed of perhaps 8 seconds
instead of 2.

[0101] This data is repeated for each manufacturer of
SPD materials so that the controller may make proper
decisions based upon the particular SPD material being
utilized. There may be a day when industry standardiza-
tion will insure that all SPD material reacts in exactly the
same repeatable way across manufacturers and across
production runs from one manufacture, but until the in-
dustry can achieve this level of quality control across dif-
ferent manufacturing processes, multiple tables which
model performance must be preprogrammed into the ta-
bles of the controller. But the end result is that the con-
troller is a universal controller for all SPD applications.
[0102] The setof tables stored in the controller are typ-
ically created off-line through laboratory experimentation
of each manufacturer’'s SPD material. The resultant data
is stored in the tables of the controller or may be down-
loaded into the controller over its communication chan-
nel.

[0103] Insomeimplementations ofthe controller some
of the three-dimensional tables will be collapsed to two
dimensions as the third factor is not one measured or
under the control of the particular model of controller. For
example, a basic model of controller may not utilize a
temperature sensor and will operate continually under
the assumption of a fixed operating temperature. One of
the sets of tables in the controller is known as the EO
(Electro-Optical) table. This table is ordered by transpar-
ency at 0% (dark) to 100% (clear). Each entry contains
the optimal frequency and voltage to set a particular man-
ufacturer’s glass to the given transparency level. If tem-
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perature is not going to be considered in the operation
of this version of the controller, the EO table remains two-
dimensional.

[0104] In addition to using its algorithms and internal
tables to set the various parameters to control the SPD
material, the controller can dynamically change its pa-
rameter settings based upon measurement and feed-
back from sensors connected to its AfD inputs. For ex-
ample, a light source and photocell or phototransistor or
other photodetector may be used to shine a specific in-
tensity light through the changing SPD material and to a
photocell which will detect the actual light level. The EO
table being used to switch the SPD materialto a particular
level may not have a temperature componentin its entry.
But the controller can measure actual switching time by
measuring how long it takes for the glass to reach the
transparency level requested, because its light/photocell
logic can measure when the actual transparency level
has been achieved. Knowing the time, the controller al-
gorithms can determine a better frequency and voltage
to operate the glass to reduce the switching time to the
desired level. The measuring devices are used in the
creation of a feedback loop to auto-adjust operational
parameters.

[0105] Theintelligentcontrolleris abletofurtherreduce
the amount of power consumption of SPD material to
values lower than that achieved by operating the SPD
material at an optimal frequency and voltage for a given
transparency level at a given temperature. The controller
may change the duty cycle of the power output to not
keep the SPD material under constant AC power. Logic
inthe controller can reduce the number of complete wave
form cycles being generated over a given period of time.
So if 'm’ cycles would normally occur in time °t’, every
other cycle could be ignored and power shut down in
those cycles, to achieve a 50% duty factor. In general
the goal is to only keep the power operating only 'n’ out
of every 'm’ cycles in order to reduce power. At some
point there will be a visible flickering of the SPD material
noticed. Experimentation derives another three-dimen-
sional table which specifies the lowest allowable duty cy-
cle for a given transparency level against a third param-
eter such as operating temperature.

[0106] Experimentation and an analysis of the three-
dimensional graphs of operational parameters and their
resulting features, reveal other mixed operating modes
by taking advantage of aspects of different graphs. Rea-
sonable switching speeds of 2 seconds dark to clear at
room temperature can be achieved at 60 Hz and 20-100
volts AC. More optimal energy performance is achieved
below 60 Hz, perhaps better at 30 Hz, without causing
flickering in the SPD material. Higher frequencies (400
Hz) can switch the SPD-material much faster but use
more power to effect the switching. The controller takes
advantage of these factors when optimizing for switching
speed by shifting to a higher frequency during the tran-
sition from one transparency level to another then reduc-
ingthe frequencyto the lower allowable range to maintain
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the transparency setting at low power.

[0107] It will be appreciated that one skilled in the rel-
evant art may readily devise myriad obvious variants and
improvements upon the invention without undue exper-
imentation, none of which depart in any way from the
invention and all of which are intended to be encom-
passed within the claims which follow.

[0108] One variant of the invention is a system com-
prising:

a multiplicity of controllers, one or more controllers
comprising means controlling the opacity of at least
one respective suspended particle device;

each controller comprising a radio transceiver;

each radio transceiver in radio communication with
at least one other radio transceiver but in radio com-
munication with less than all of the other radio trans-
ceivers;

at least one master controller issuing commands to
the controllers;

at least a first controller not in radioc communication
with the at least one master controller;

at least a second controller disposed to receive a
message addressed to the first controller and not to
itself, and to forward the message to the first con-
troller.

[0109] Variant two of the invention is a controller con-
trolling the opacity of a suspended particle device, where-
in there is stored within the controller a first lookup table
providing a mapping between received commands and
drive giving rise to various opacity values.

[0110] Invariant two, the control of opacity of the con-
troller can comprise modulating the frequency of applied
potential through a variable range, or varying the voltage
driving the suspended particle device.

[0111] In variant two, the controller can automatically
change the opacity of its respective SPD based upon the
physical orientation of the SPD device on the earth, the
latitude and longitude of the SPD device, the day of the
year and the time of the day.

[0112] Inthe controller of variant two, the opacity set-
tings for any time of day or days of the year can be pre-
stored in at least one fixed profile.

[0113] In variant two, the controller can be further re-
sponsive to manual control information for controlling the
opacity of its respective suspended particle device in re-
sponse to manual inputs.

[0114] Invarianttwo, the SPD can be driven differently
based upon external temperature.

[0115] In variant two, the controller can contain a light
source and photodetector combination which is used to
determine the absolute glass transparency of the SPD
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material and the controller can auto-adjust operational
parametersto bring the SPD materialto the desired trans-
parency level.

[0116] In variant two, the power generation circuitry
can be turned off for some number of cycles per second
to maintain a particular level of transparency of SPD ma-
terial at a lower power consumption than operating the
SPD material continually.

[0117] In variant two, the controller can apply a first
operating frequency until the SPD-material switches to
the desired transparency level and then switch to a sec-
ond frequency to maintain the SPD-material at that trans-
parency levelwhereinthe transitionfromthe firstfrequen-
cy to the second frequency may further be through no
other frequencies or through a series of intermediate fre-
quencies of a discrete or continuously variable form.
[0118] In another variant of the invention, a controller
controls the opacity of a suspended particle device
(SPD); and the SPD is driven differently based upon ex-
ternal temperature.

[0119] In afurther variant of the invention, a controller
controls the opacity of a suspended particle device com-
prising SPD material, a light source and photodetector
combination is used to determine the absolute glass
transparency of the SPD material and the controller auto-
adjusts operational parameters to bring the SPD material
to the desired transparency level.

[0120] Inavariantofthe invention, a controller controls
the opacity of a suspended particle device comprising
SPD material, and the power generation circuitry is
turned off for some number of cycles per second to main-
tain a particular level of transparency of material at a
lower power consumption than operating the SPD mate-
rial continually.

[0121] In another variant of the invention, a controller
controls the opacity of a suspended particle device com-
prising SPD material, the controller applies a first oper-
ating frequency until the SPD-material switches to the
desiredtransparency level and then switchestoa second
frequency to maintain the SPD-material at that transpar-
ency level, whereby the transition from the first frequency
to the second frequency may further be through no other
frequencies or through a series of intermediate frequen-
cies of a discrete or continuously variable form.

[0122] One variant of the invention is a method for use
with a controller of SPD, the method comprising the step
of: driving the SPD differently based upon external tem-
perature.

[0123] Another variant of the invention is a method for
use with a controller of SPD, the controller comprising a
light source and photodetector combination to determine
the absolute glass transparency of the SPD , the method
comprising the steps of:

- measuring the transparency of the SPD by means
of the light source and the photodetector; and

- auto-adjusting operational parameters to bring the
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SPD to the desired transparency level.

[0124] A further variant of the invention is a method for
use with a controller of SPD, the method comprising the
step of: holding the switching time of the SPD constant
regardless of the exterior temperature of the SPD.
[0125] Another variant of the invention is a method for
use with a controller of SPD, the method comprising the
step of: turning off the power generation circuitry for some
number of cycles per second to maintain a particular level
of transparency of SPD at a lower power cansumption
than operating the SPD material continually.

[0126] A variant of the invention is a method for use
with a controller of SPD, the method comprising the step
of:

- applying a first operating frequency until the SPD
switches to the desired transparency level and then

- switching to a second frequency to maintain the SPD
atthat transparency level wherein the transition from
the first frequency to the second frequency may fur-
ther be through no other frequencies or through a
series of intermediate frequencies of a discrete or
continuously variable form.

Claims

1. A method for use with a system comprising a multi-
plicity of controllers, each controller comprising a ra-
dio transceiver, each radio transceiver in radio com-
munication with at least one other radio transceiver
but in radio communication with less than all of the
otherradio transceivers, atleast one master control-
ler issuing commands to the controllers, at least a
first controller not in radio communication with the at
least one master controller, at least a second con-
troller disposed to receive a message addressed to
the first controller and not to itself, and to forward the
message to the first controller, characterized in that

the at least one master controller is issuing
opaqueness level commands to the controllers,
one or more controller comprising means con-
trolling the opacity of at least one respective sus-
pended particle device (SPD), where

the SPD comprises small, anisotropically
shaped particles suspended in a liquid suspend-
ing medium, and

in the absence of an applied electrical field, the
particles in the liquid suspension assume ran-
dom positions due to Brownian movement, and
hence a beam of light passing into the SPD is
reflected, transmitted or absorbed, and the SPD
is thus relatively dark in the OFF state, and
when an electric field is applied through the sus-
pension in the SPD, the particles become
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aligned and for many suspensions most of the
light can pass through the SPD, hence the SPD
is thus relatively transparent in the ON state,
atleastone of the one or more controllers further
responsive to manual control information for
controlling the opacity of its respective SPD dif-
ferently thanindicated by the at least one master
controller, and the method comprising the step
of: modulating the frequency of applied potential
through a variable range, or varying the voltage
driving the SPD.

2. Themethod of claim 1 wherein atleast one controller
controls a plurality of SPDs, and wherein a plurality
of manual controldevicesis coupled to the controller,
the method comprising the further step, performed
by the controller, of responding to one or more man-
ual control devices so as to control a respective one
of the SPDs.

3. The method of claim 2 further comprising the step
of for each controller, automatically changing the
opacity of its respective SPD based upon the time
of the day, without the necessity of a message from
the master controller directing such a change.

4. A system comprising:

a multiplicity of controllers;

each controller comprising a network interface;
each network interface in communication with
at least one other network interface;
atleastone master controller issuing commands
to the controllers, characterized in that

one or more controllers are comprising means
controlling the opacity of at least one respective
suspended particle device (SPD), where

the SPD comprises small, anisotropically
shaped particles suspended in a liquid suspend-
ing medium, and

in the absence of an applied electrical field, the
particles in the liquid suspension assume ran-
dom positions due to Brownian movement, and
hence a beam of light passing into the SPD is
reflected, transmitted or absorbed, and the SPD
is thus relatively dark in the OFF state, and
when an electric field is applied through the sus-
pension in the SPD, the particles become
aligned and for many suspensions most of the
light can pass through the SPD, hence the SPD
is thus relatively transparent in the ON state,
the at least one master controller is issuing
opaqueness level commands to the controllers.

5. The system of claim 4 wherein a controller that com-
prises means controlling the opacity of at least one
respective SPDis further responsive to manual con-
trol information for controlling the opacity of its re-
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spective SPDdifferently than indicated by the atleast
one master controller.

The system of claim 4 wherein the master controller
further comprises a first lookup table providing a
mapping between desired opacity values and drive
values giving rise to the desired opacity values, and
wherein the master controller communicates said
drive values to controllers.

The system of claim 4 in which the control of opacity
comprises modulating the frequency of applied po-
tential through a variable range, or varying the volt-
age driving the SPD.

The system of claim 4 or the controller of claim 2
wherein at least one controller controls a plurality of
SPDs, and wherein a plurality of manual control de-
vices is coupled to the controller, wherein the con-
troller responds to at least one manual control device
s0 asto controlarespective one or more of the SPDs.

The system of claim 4 wherein a third controller con-
trols a plurality of SPDs, and wherein a plurality of
manual control devices is coupled to a fourth con-
troller, wherein the third and fourth controllers are
communicatively coupled therebetween, wherein
the third controller responds to at least one manual
control device coupled with the fourth controller, so
as to control a respective one or more of the SPDs.

The system of claim 4 wherein there is stored within
each controller controlling the opacity of an SPD, a
first lookup table providing a mapping between re-
ceived commands and drive giving rise to various
opacity values.

The system of claim 4 wherein the SPD film is driven
differently based upon external temperature.

The system of claim 4 wherein a light source and
photodetector combination is used to determine the
absolute glass transparency of the SPD material and
wherein the controller auto-adjusts operational pa-
rameters to bring the SPD material to the desired
transparency level.

The system of claim 4 wherein the switching time
between any two opacity levels of the SPD material
is held constant regardless of the exterior tempera-
ture of the SPD material.

The system of claim 4 wherein the power generation
circuitry is turned off for some number of cycles per
second to maintain a particular level of transparency
of SPD material at a lower power consumption than
operating the SPD material continually.
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The system of claim 4 wherein the controller applies
a first operating frequency until the SPD-material
switches to the desired transparency level and then
switches to a second frequency to maintain the SPD-
material at that transparency level wherein the tran-
sition from the first frequency to the second frequen-
cy may furt her be through no other frequencies or
through a series of intermediate frequencies of a dis-
crete or continuously variable form.

The system of claim 4 wherein each controller oper-
ates one or more SPD’s arranged in their entirety
into an array so as each SPD forms a pixel of a sea
of pixels, each of which can be individually set to any
opacity level.

The system of claim 16 having further means of tex-
tual message entry to a Master Controller from an
inputdevice or external system, whereby that Master
Controller will command individual controllers to set
the opacity level of the pixels it controls to a dark or
light setting so as to show the first part of the textual
message to be display, where each letter of the text
is formed by the combination of several pixels.

The system of claim 17 where that Master Controller
will periodically command the controllers operating
the individual pixels in each column to display the
pixel data in the column to its right thus providing the
appearance that the textual message is scrolling to
its left, and filling in new pixel data in the right for the
next part of the textual message which is remaining
to be displayed or periodically command the control-
lers operating the individual pixels in each column
to display the pixel data in the column toits left thus
providing the appearance that the textual message
is scrolling to its right and filling in new pixel data in
the left for the next part of the textual message which
isremaining to be displayed or periodically command
the controllers operating the individual pixels in each
row to display the pixel data in the row above it thus
providing the appearance that the textual message
is scrolling down, and filling in new pixel data in the
top for the next part of the textual message which is
remaining to be displayed or periodically command
the controllers operating the individual pixels in each
row to display the pixel data in the row below it thus
providing the appearance that the textual message
is scrolling up, and filling in new pixel data in the
bottom for the next part of the textual message which
is remaining to be displayed.

The system of claim 16 whereby a Master Controller
contains a means of receiving graphical pixel data
where each pixel may have any darkness and then
commanding the individual controllers to set the
opacity level of the pixels it controls to match the
relative pixel positions and opacity level defined in



20.

21.

22,

23.

24,

25,

26.

27.

28.

37
the received graphical data.

The system of claim 16 whereby sequences of sets
of pixel data of any opacity level may be pre-pro-
grammed into a Master Controller and whereby at
some later time input means can direct that Master
Controller to display a sequence or sequences for
some period of time by commanding the individual
controllers to set the opacity level of the pixels it con-
trols to match the relative pixel positions and opacity
level pre-defined for the specified sequence.

The system of claim 4 wherein the message com-
prises an opacity command.

The system of claim 4 wherein at least one controller
determines a required change in opacity to its re-
spective SPD based material upon the physical ori-
entation of various networked SPD’s on the earth,
based on latitude, longitude, the day of the year and
the time of the day, and informs other controllers in
the network to effect such an opacity change.

The system of claim 4 where the Master Controller
is a data processing system without capabilities of
directly controlling the electrical signals operating an
SPD window.

The system of claim 23 wherein there exists a re-
dundant Master Controller capable of taking over the
operation of the primary Master Controller in the
event of its failure.

The systems of claim 4 where the Master Controller
can temporarily or permanently be any of the SPD
window controllers.

The systems of claim 4 where the Master Controller
is connected to an external system via a one-way or
two-way communications link,

such

HVAC control, lighting control, or home or building
security, or other

external system determining the desired transpar-
ency setting of one of more SPD windows connected
to one or more SPD controllers and

conveying the desired transparency level(s) to the
Master Controller to effect the desired transparency
change(s) to other controllers.

The system of claim 26 where the communication is
through a Wire or is Wireless.

The system of claim 26 where the Master Controller
conveys information to the external system and the
external system conveys information to the Master
Controller through a communications link utilizing an
XML, ASCIl or UNICODE formatted data represen-
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tation or data sequences.

The system of claim 4 where the SPD controllers are
operating windows in a residential home or commer-
cial building, windows on an airplane, windows on a
car, truck, SUV, Van, bus, taxi, or similar vehicle,
windows on a train, tram, maglev, monorail, ski lift,
atmospheric railway, or trolley, or windows on a ma-
rine vehicle.

The system of claim 4 wherein a controller may also
include one or a plurality of Analog to Digital inter-
faces or Digital Inputs connected to Digital sensors,
in order to read input from one or a plurality of sen-
SOrs.

The system of claim 30 where the input from the
sensors is interpreted by the SPD controller to effect
the opacity level of one or more windows directly
connected to the controller.

The system of claim 30 where the input from the
sensors is read by the SPD controller and sent to
the Master Controller to determine what window,
windows or banks of windows should have their
opacity level changed and the Master Controller ef-
fects this change by sending messages to the ap-
propriate SPD controllers effecting the windows
which are to be changed.

The system of claim 30 where the sensor can detect
the sun light level, detect rain, detect the occupancy
of a room in which the SPD windows are located,
detect glass breakage, detect glass vibration, detect
heat, smoke or fire in the room containing the SPD
controller, detectindoor temperature, detect outdoor
temperature, solar radiation, detect the geographic
position of one or more windows, or detect the geo-
graphic orientation of one or more windows, whereby
the specific sensor data is utilized to determine the
opacity to set the at least one respective SPD.

The system of claim 4 wherein one or more control-
lers communicate with one or more remote input de-
vices which sends commands to the controller to
change the transparency of one or more of the di-
rectly connected windows.

The system of claim 34 where communications op-
erate wirelessly or over a wire.

The system of claim 34 wherein the remote input
device is a handheld device, is a wall mounted input
device, or is a touch panel.

The system of claim 4 wherein one or more control-
lers communicate with one or more remote input de-
vices which are capable of sending configuration in-
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formation to the controller to set up operational pa-
rameters in the controller.

The system of claim 37 where communications op-
erates wirelessly or over a wire.

The system of claim 37 wherein the remote input
device is a handheld device, is a wall mounted input
device, or is a touch panel.

The system of claim 30 whereby the controller takes
into account any governing laws for tinted windows
in the geographie area in which the controller is lo-
cated, to insure that the maximum window opague-
ness applied to the SPD glass does not exceed the
legal limits.

The system of claim 30 where the sensor can meas-
ure electrical resistance, can measure electrical cur-
rent, can measure electrical voltage, can measure
magnetism, can measure pressure, can measure
gas or fluid flow, can measure the existence of var-
ious chemieals, can measure optical radiation, or
can measure acoustical radiation whereby the spe-
cific sensor data is utilized to determine the opacity
to set the at least one respective SPD.

The system of claim 4 wherein the network interface
of at least one of the one or more controllers is con-
nected to a wireless communications channel and
the wireless communications channel is simultane-
ously connected to a network interface of at least
one of the multiplicity of controllers.

The system of claim 4 wherein at least three network
interfaces comprise radio transceivers,

each radio transceiver in radio communications
with at least one other radio transceiver but in
radio communications with less than all of the
other radio transceivers,

at least a first controller of the multiplicity of con-
trollers comprising radio transceivers not in ra-
dio communications with the at least one master
controller,

at least a second controller of the multiplicity of
controllers comprising radio transceivers dis-
posed to receive a command from the master
controller addressed to the first controller and
not to itself, and to forward the command to the
first controller

The system of claim 4 wherein the network interface
of at least one of the one or more controllers is a
wired connection to a network interface of at least
one of the multiplicity of controllers.
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Patentanspriiche

1.

Ein Verfahren zur Verwendung eines Systems um-
fassend eine Vielfalt an Steuervorrichtungen, wobei
jede Steuervorrichtung einen Funk-Transceiver um-
fasst, jeder Funk-Transceiver Uber eine Funkverbin-
dung mitmindestens einem anderen Funk-Transcei-
ver verbunden jedoch mit weniger als allen anderen
Funk-Transceivern verbunden ist, mindestens ein
Hauptsteuervorrichtung, welche Befehle an die
Steuervorrichtungen ausgibt, mindestens eine erste
Steuervorrichtung, welcher nicht mit der Hauptsteu-
ervorrichtung in Funkverbindung steht, mindestens
eine zweite Steuervorrichtung, welche derart ausge-
bildetist, ein an die erste Steuervorrichtung und nicht
an sich selbst gerichtetes Signal zu empfangen und
dieses andie erste Steuervorrichtung weiterzuleiten,
dadurch gekennzeichnet, dass

die mindestens eine Hauptsteuervorrichtung
Opazitatsgradbefehle an die Steuervorrichtun-
gen sendet,

eine oder mehrere Steuervorrichtungen Mittel
zur Steuervorrichtung der Opazitat von mindes-
tens jeweils einer Vorrichtung mit suspendierten
Teilchen (SPD) umfassen, wobei das SPD klei-
ne, anisotrop geformte Partikel in suspendierter
Form in einem flissigen Suspensionsmedium
umfasst, und

in Abwesenheit eines elektrischen Feldes die
Partikel im flissigen Suspensionsmedium auf-
grund Brownscher Bewegung eine zufallige An-
ordnung annehmen und daher einen durch das
SPD passierenden Lichtstrahl reflektieren,
durchlassen oder absorbieren, wodurch das
SPD im OFF-Modus relativ dunkel ist, und
wenn ein elektrisches Feld an der Suspension
im SPD angelegt wird, die Partikel ausgerichtet
werden und darum beivielen Suspensionendas
meiste des Lichts das SPD passieren kann, wo-
durchdas SPD relativtransparentim ON-Modus
ist,

mindestens einer der einen oder mehreren
Steuervorrichtungen auf sich von der mindes-
tens einen Hauptsteuervorrichtung unterschei-
dende manuelle Steuerinformationen des Opa-
zitatgrades des jeweiligen SPDs anspricht, und
das Verfahren die die folgenden Schritte um-
fasst: Modellierung der Frequenz einer angeleg-
ten Spannung innerhalb eines variablen Be-
reichs oder Veranderung der das SPD antrei-
benden Spannung.

Ein Verfahren gemass Anspruch 1, worin mindes-
tens eine Steuervorrichtung eine Mehrzahl an SPDs
steuert und worin eine Mehrzahl an manuellen Steu-
ergeraten mitder Steuervorrichtung verbunden sind,
wobei das Verfahren den zusatzlichen Schritt um-
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fasst: ansprechen der Steuervorrichtung aufeinoder
mehrere manuelle Steuergerate zur Steuervorrich-
tung eines entsprechenden SPDs.

Ein Verfahren gemass Anspruch 2 erganzt um fol-
genden Schritt: automatisches &ndern der Opazitét
eines entsprechenden SPDs durch jede Steuervor-
richtung, abhangig von der Tageszeit und chne da-
bei ein Signal von der Hauptsteuervorrichtung, zu
bendtigen.

Ein System umfassend:

eine Mehrzahl an Steuervorrichtungen;

wobei jede Steuervorrichtung eine Netzwerk-
schnittstelle umfasst;

wobei jede Netzwerkschnittstelle mit zumindest
einer anderen Netzwerkschnittstelle kommuni-
ziert;

wobei mindestens eine Hauptsteuervorrichtung
Befehle an die Steuervorrichtungen ausgibt,
dadurch gekennzeichnet, dass

eine oder mehrere Steuervorrichtungen Mittel
zur Kontrolle der Opazitdt mindestens einer Vor-
richtung mit suspendierten Teilchen (SPD) um-
fassen, wobei

das SPD kleine, anisotrop geformte Partikel in
suspendierter Form in einem flissigen Suspen-
sionsmedium umfasst, und

in Abwesenheit eines elektrischen Feldes die
Partikel im flissigen Suspensionsmedium auf-
grund Brownscher Bewegung eine zuféllige An-
ordnung annehmen und daher einen durch das
SPD passierenden Lichtstrahl reflektieren,
durchlassen oder absorbieren, wodurch das
SPD im OFF-Modus relativ dunkel ist, und
wenn ein elektrisches Feld an der Suspension
im SPD angelegt wird, die Partikel ausgerichtet
werden und darum bei vielen Suspensionendas
Meiste des Lichts das SPD passieren kann, wo-
durchdas SPDrelativ transparentim ON-Modus
ist,

die mindestens eine Hauptsteuervorrichtung
Opazitatsgradbefehle an die Steuervorrichtun-
gen sendet.

Ein System gemass Anspruch 4, worin die Steuer-
vorrichtung Mittel umfasst, die die Opazitat mindes-
tens eines jeweiligen SPDs steuern kdnnen, reagiert
zusétzlich auf manuelle Steuerinformationen zur Re-
gulierung der Opazitdt seines entsprechenden
SPDs und das anders als es von der mindestens
einen Hauptsteuervorrichtung signalisiert wird.

Ein System gemass Anspruch 4, wobei die Haupt-
steuervarrichtung zusatzlich eine erste Umsetzung-
stabelle umfasst, welche eine Abbildung zwischen
den gewiinschten Opazitatswerten und den Ansteu-
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erungswerten, die zu den gewdinschten Opazitats-
werten filhren sollen, bereitstellt, wobei der Haupt-
steuervarrichtung diese Ansteuerungswerte den an-
deren Steuervorrichtungen Ubermittelt.

Ein System gemass Anspruch 4, in welchem die Re-
gulierung der Opazitat zusatzlich die Modellierung
der Frequenz der angelegten Spannung innerhalb
eines variablen Bereichs oder durch eine Verande-
rung der das SPD antreibenden Spannung umfasst.

Ein System gemass Anspruch 4 oder eine Steuer-
vorrichtung gemass Anspruch 2, wobei mindestens
eine Steuervorrichtung eine Mehrzahl von SPDs
steuert und eine Mehrzahl an manuellen Steuerge-
raten mit der Steuervorrichtung verbunden sind, wo-
bei diese Steuervorrichtung auf mindestens ein ma-
nuelles Steuergerat reagiert um die entsprechenden
SPDs zu kontrollieren.

Ein System gemass Anspruch 4, wobei eine dritte
Steuervorrichtung eine Mehrzahl an SPDs steuert
und wobei eine Mehrzahl an manuellen Steuerger-
ten mit einer vierten Steuervorrichtung gekoppelt
sind, wobei die dritte und vierte Steuervorrichtung
kommunikativ miteinander verbunden sind und die
dritte Steuervorrichtung auf mindestens ein manu-
elles Steuergerat reagiert, welches mit der vierten
Steuervorrichtung verbunden ist, um ein oder meh-
rere entsprechende SPDs zu kontrollieren.

Ein System gemass Anspruch 4, wobei jede Steu-
ervorrichtung, die die Opazitat des SPDs steuert, ei-
ne erste Umsetzungstabelle umfasst, welche eine
Abbildung zwischen den erhaltenen Befehlen und
den Ansteuerungswerten, die zu unterschiedlichen
Opazitatswerten fiihren sollen, bereitstellt.

Ein System gemass Anspruch 4, wobei die SPD-
Schicht, basierend auf der AulRentemperatur, unter-
schiedlich angesteuert wird.

Ein System gemass Anspruch 4, wobei eine Kom-
bination aus einer Lichtquelle und einem Fotodetek-
tor benutzt wird, um die absolute Glastransparenz
des SPD Materials zu bestimmen und wobei die
Steuervorrichtung betriebsbedingte Parameter au-
tomatisch anpasst um das SPD Material auf das er-
wilnschte Transparenzlevel zu bringen.

Ein System gemass Anspruch 4, wobei die Zeit zum
Wechseln zwischen zwei Opazitatsgraden des SPD
Materials konstant gehalten wird, unabhangig von
der AuBentemperatur des SPD Materials.

Ein System gemass Anspruch 4, wobei die Energie-
erzeugungsschaltung fir ein paar Zirkel pro Sekun-
de abgedreht wird, um einen bestimmten Grad der
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Transparenz des SPD Materials aufrechtzuhalten
und einen niedrigere Energieverbrauch als beim per-
manenten betreiben des SPD Materials.

Ein System gemass Anspruch 4, wobei die Steuer-
vorrichtung eine erste Betriebs-Frequenz anwendet
bis das SPD Material zum gewlnschten Opazitéts-
grad wechseltund anschlieRend aufeine zweite Fre-
guenz wechselt um das SPD Material auf dem Opa-
zitatsgrad zu halten, wobei der Ubergang von der
ersten in die zweite Frequenz nicht durch eine an-
dere Frequenz oderdurch eine Reihe von Zwischen-
frequenzen in einer eigenstandigen oder fortgesetz-
ten variablen Form erfolgen darf.

Ein System gemass Anspruch 4, wobei jede Steu-
ervorrichtung eine oder mehrere SPDs betreibt, die
alle so angeordnet sind, dass jede SPD ein Pixel
innerhalb einer Anordnung aus Pixeln ausbildet und
die Opazitat jedes einzelnen Pixels individuell ein-
stellbar ist.

Ein System gemass Anspruch 16, welches zusatz-
lich die Méglichkeit zur Eingabe von Textnachrichten
umfasst, die durch eine Eingabevorrichtung oder ein
externes System aufgenommen und anschlieRend
an die Hauptsteuervorrichtung Ubermittelt werden,
wobei die Hauptsteuervorrichtung einzelnen Steu-
ervorrichtungen signalisiert, dass sie die Opazitét
der Pixel die sie kontrollieren erhellen oder verdun-
keln sollen, um den ersten Teil der Textnachricht ab-
zubilden, wobei jeder Buchstabe des Textes durch
die Kombination von einigen Pixeln entsteht.

Ein System gemass Anspruch 17, wo die Hauptsteu-
ervorrichtung anderen Steuervorrichtungen, die die
individuellen Pixel in jeder Spalte betreiben, perio-
disch Anweisungen gibt, dass sie die Pixeldaten in
der Spalte rechts davon anzeigen sollen, wodurch
der Eindruck entsteht, dass der Text nach links ge-
scrollt wird, dabei werden neue Pixeldaten, fiir den
nachsten Teil der Textnachricht, der noch angezeigt
werden muss, auf der rechten Seite eingefillt, oder
die Hauptsteuervorrichtung gibt periodische Anwei-
sungen an die Steuervorrichtung, die die individuel-
len Pixel in jeder Spalte betreiben, dass sie die Pi-
xeldaten in der Spalte links von ihnen anzeigen sol-
len, was den Eindruck verschafft, dass die Textnach-
richt nach rechts gescrollt wird und es werden neue
Pixeldaten in der linken Spalten fur den folgenden
Text, der noch nicht angezeigt wird, eingefillt, oder
er gibt periodische Anweisungen an die Steuervor-
richtung, die die individuellen Pixel in jeder Reihe
betreiben, sodass diese die Pixeldaten in der Reihe
oberhalb anzeigen sollen und dadurch der Eindruck
entsteht, das der Text nach unten gescrollt wird, wo-
beineue Pixeldatenin den oberen Teil eingeflllt wer-
den um den nachsten Teil des Textes, welcher noch
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nicht angezeigt wird, darzustellen, oder der Haupt-
steuervarrichtung gibt die Anweisung an die Steuer-
vorrichtung, die die individuellen Pixel in jeder Reihe
betreiben, dass sie die Pixeldaten in der Reihe un-
terhalb anzeigen sollen, wodurch der Eindruck ent-
steht, dass der Text nach oben gescrollt wird, wéh-
rend neue Pixeldaten am unteren Teil fir den nachs-
ten Teil der Textnachricht, welcher noch nicht ange-
zeigt ist, eingefullt werden.

Ein System gemass Anspruch 16, wobei eine Haupt-
steuervarrichtung ein Mittel umfasst, um graphische
Pixeldaten zu erhalten, wo jeder Pixel jeden Dunkel-
heitsgrad haben kann, und anschlieRend den indivi-
duellen Steuervorrichtungen die Anweisung gibt,
den Opazitatsgrad der Pixel, fur die sie zustandig
sind, an die relative Pixelposition und den Opazitats-
grad, welche durch die erhaltenen graphischen Da-
ten definiert sind, anzupassen.

Ein System gemass Anspruch 16, wobei Sequenzen
von Pixeldatenséatzen von beliebiger Opazitat in ei-
ner Hauptsteuervorrichtung vorprogrammiert wer-
den kann und wodurch spater eine Eingabeeinrich-
tung dieser Hauptsteuervorrichtung dazu veran-
lasst, eine oder mehrere Sequenzen Uber einen be-
stimmten Zeitraum anzuzeigen, wobei die individu-
ellen Steuervorrichtungen angewiesen werden, die
Opazitat der Pixel die sie betreiben an die relative
Position und an den Opazitatsgrad, die fir die spe-
zifische Sequenz vordefiniert wurden, anzupassen.

Ein System gemass Anspruch 4, wobei das Signal
einen Opazitats-Befehl beinhaltet.

Ein System gemaéss Anspruch 4, wobei mindestens
eine Steuervorrichtung eine bendtigte Verénderung
der Opazitat fir sein jeweiliges SPD Material, durch
die physikalische Ausrichtung und die unterschied-
lichen, miteinander vernetzten SPDs auf der Erde,
abhangig vom Breitengrad, Langengrad, dem Tag
im Jahr und der Tageszeit, bestimmt und zusétzlich
andere Steuervorrichtungen im Netzwerk informiert,
um diese Opazitatsanderung durchzufiihren.

Ein System gemass Anspruch 4, wobei die Haupt-
steuervorrichtung ein Datenverarbeitungssystem
ohne die Fahigkeit zur direkten Kontrolle der elekiri-
schen Signale, welche das SPD Fenster betreiben,
ist.

Ein System gemass Anspruch 23, wobei es eine re-
dundante Hauptsteuervorrichtung gibt, die in der La-
ge ist, im Falle eines Ausfalls der prim&ren Haupt-
steuervorrichtung, dessen Arbeit zu Ubernehmen.

Ein System gemass Anspruch 4, wobei die Haupt-
steuervarrichtung zeitweise oder permanent eine
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der SPD Fenstersteuervorrichtungen sein kann.

Ein System gemass Anspruch 4, wobei die Haupt-
steuervorrichtung mit einem externen System Uber
eine Einweg- oder Zweiwegkommunikation verbun-
den ist,

beispielsweise

HVAC Kontrolle, Lichtkontrolle, Heim- oder Gebau-
desicherheit oder ein anderes externes System, das
die gewliinschte Transparenzeinstellung einer oder
mehrerer SPD Fenster bestimmt, die mit einem oder
mehreren SPD-Steuervorrichtungen verbunden
sind und den/die gewlinschten Transparenzgrad an
die Hauptsteuervorrichtung Ubermittein, um die er-
wilnschten Transparenzanderungen flr andere
Steuervorrichtungen zu bewirken.

Ein System geméss Anspruch 26, wobei die Kom-
munikation entweder (iber Kabel oder kabellos er-
folgt.

Ein System gemass Anspruch 26, wobei die Haupt-
steuervorrichtung Informationen an ein externes
System weiterleitet und das externe System Infor-
mationen an die Hauptsteuervorrichtung durch eine
Kommunikationsverbindung weiterleitet, die eine
XML-, ASCII- oder UNICODE - formatierte Daten-
darstellung oder Datensequenz nutzt.

Ein System gemass Anspruch 4, wobei die SPD-
Steuervorrichtungen Fenster in einem Wohnhaus
oder Geschéftsgebaude, in einem Flugzeug, einem
Auto, LKW, SUV, Van, Bus, Taxi oder ahnlichen
Fahrzeugen, oder Fenster in Zlgen, StraBenbah-
nen, Magnetschwebebahnen, Einschienenbahnen,
Skiliften, atmospharischen Eisenbahnen, Trolley-
Zigen oder in Marinefahrzeugen betreiben.

Ein System gemass Anspruch 4, wobei eine Steu-
ervorrichtung eine oder eine Mehrzahl an Analog-
Digital-Schnittstellen umfasst oder digitale Eingange
umfasst, die mit einem digitalen Sensor verbunden
sind, um Eingaben von einem oder mehreren Sen-
soren zu lesen.

Ein System gemass Anspruch 30, wobeidie Eingabe
der Sensoren von der SPD-Steuervorrichtung inter-
pretiert wird, um den Opazitatsgrad von einem oder
mehreren Fenstern, die direkt mit der Steuervorrich-
tung verbunden sind, zu kontrollieren.

Ein System gemass Anspruch 30, bei dem die Ein-
gabe der Sensoren durch den SPD-Steuervorrich-
tung gelesen und anschlielend an die Hauptsteuer-
vorrichtung gesendet wird, um zu bestimmen, wel-
ches oder welche Fenster oder welche Fensterb&n-
ke ihren Opazitdtsgrad andern sollten, wobei die
Hauptsteuervorrichtung diese Veranderung bewirkt,
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indem sie Befehle an die SPD-Steuervorrichtungen
sendet, die flir die entsprechenden Fenster oder
Fensterbanke, die gedndert werden sollen, zustén-
dig sind.

Ein System gemass Anspruch 30, bei dem der Sen-
sor Sonnenlicht, Regen, die Belegung eines Rau-
mes, in dem sich die Steuervorrichtung befindet, ei-
nen Glasbruch, Glasvibration, Warme, Rauch oder
Feuer im Raum, wo die SPD-Steuervorrichtung vor-
handen ist, erfasst, und/oder die Innenraumtempe-
ratur, die AuRentemperatur, die geographische Po-
sition und die geographische Ausrichtung von einem
oder mehreren Fenstern erfasst, wobei die spezifi-
schen Daten der Sensoren genutzt werden, um den
Opazitatsgrad zu bestimmen, damit mindestens ein
SPD dementsprechend angepasst werden kann.

Ein System gemass Anspruch 4, wobei eine oder
mehrere Steuervorrichtungen mit einem oder meh-
reren Fern-Eingabegeraten kommunizieren, welche
Befehle zur Anderung der Transparenz von einem
oder mehreren Fenstern, die direkt mit dem Steuer-
vorrichtung verbunden sind, an die Steuervorrich-
tung aussenden.

Ein System gemass Anspruch 34, wo die Kommu-
nikation entweder liber ein Kabel oder kabellos statt-
findet.

Ein System gemass Anspruch 34 wobei das Fern-
Eingabegerat ein tragbares Gerat, ein an der Wand
montiertes Gerat oder ein Touch-Display ist.

Ein System gemass Anspruch 4, wobei eine oder
mehrere Steuervorrichtungen mit einem oder meh-
reren Fern-Eingabegeréten kommuniziert, die Kon-
figurationsinformationen an die Steuervorrichtung
senden kénnen, um die Betriebsparameter in den
Steuervorrichtungen einzurichten.

Ein System gemass Anspruch 37, wobei die Kom-
munikation entweder Giber Kabel oder kabellos statt-
findet.

Ein System gemass Anspruch 37, wobei das Fern-
Eingabegerat ein tragbares Gerat, ein an der Wand
befestigtes Gerat oder ein Touch-Display ist.

Ein System gemass Anspruch 30, wobei die Steu-
ervorrichtung jedes geltende Gesetz flr getdnte
Fensterin dem geographischen Bereich, indem sich
die Steuervorrichtung befindet, berlicksichtigt, damit
die maximale Fenster-Opazitét, die fUr das SPD-
Glas gilt, nicht die gesetzlichen Regelungen {ber-
schreitet.

Ein System gemass Anspruch 30, wobei der Sensor
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elektrische Widerstande, elektrische Stréome, elek-
trische Spannung, Magnetismus, Druck, den Gas-
oder Flussigkeitsfluss, das Vorhandensein von etli-
chen Chemikalien, optische Strahlung oder akusti-
sche Strahlung messen kann, wobei die spezifi-
schen Daten der Sensoren genutzt werden, um den
Opazitatsgrad von mindestens einem SPD entspre-
chend anzupassen.

Ein System gemass Anspruch 4, wobei die Netz-
werkschnittstelle von mindestens einer der Steuer-
vorrichtungen mit einem kabellosen Kommunikati-
onskanal verbunden ist und dieser kabellose Kom-
munikationskanal gleichzeitig mit der Netzwerk-
schnittstelle von mindestens einer der vielen Steu-
ervorrichtungen verbunden ist.

Das System nach Anspruch 4, wobei mindestens
drei Netzwerkschnittstellen einen Funk-Transceiver
umfassen,

jeder Funk-Transceiver in Funkverbindung mit
mindestens einem anderen Funk-Transceiver
ist, jedoch mit weniger als allen anderen Funk-
Transceivern verbunden ist,

mindestens eine erste Steuervorrichtung der
Mehrzahl an Steuervorrichtungen umfassend
einen Funk-Transceiver nicht mit der Haupt-
steuervorrichtung in Funkverbindung steht,
mindestens eine zweite Steuervorrichtung der-
art ausgebildet ist, ein an die erste Steuervor-
richtung und nicht an sich selbst gerichtetes Si-
gnal zu empfangen und dieses an die erste
Steuervorrichtung weiterzuleiten.

Das System nach Anspruch 4, wobei die Netzwerk-
schnittstelle von mindestens einer oder mehreren
Steuervorrichtungen eine Kabelverbindung zu einer
Netzwerkschnittstelle von mindestens einer der vie-
len Steuervorrichtungen ist.

Revendications

Une méthode d'utilisation avec un systéme compre-
nant une multiplicité de contréleurs, chaque contré-
leur comprenant un émetteur-récepteur radio, cha-
gue émetteur-récepteur radio dans la communica-
tion radio avec au moins un autre émetteur-récep-
teur radio, mais dans la communication radio avec
mains que tous les autres émetteurs-récepteurs ra-
dio, au moins un contréleur maitre émettant des
commandes aux contréleurs, au maoins un premier
contréleur non en communication radio avec au
maeins un contréleur principal, au moins un second
contréleur disposé a recevoir un message adressé
au premier contréleur et non a lui-méme, etde trans-
mettre le message au premier contréleur, caracté-
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risé par

le fait qu’au moins un contrdleur principal émet
des commandes de niveau d’opacité aux con-
trdleurs,

un ou plusieurs régulateurs comprenant des
maoyens contrdlant 'opacité d’au moins un dis-
positif de particules en suspension (SPD) res-
pectif, ol

le SPD comprend petites particules de forme
anisotrope, suspendues dans un milieu de sus-
pension liquide, et

en I'absence d'un champ électrique appliqué,
les particules dans la suspension liquide assu-
ment des positions aléatoires dues au mouve-
ment brownien, et donc un faisceau de lumiére
passant dans le SPD est reflété, transmis ou
absorbé, et le SPD est donc relativement som-
bre dans I'état OFF, et

lorsqu’un champ électrique est appliqué a tra-
vers la suspension dans le SPD, les particules
s'alignent et, pour de nombreuses suspensions,
la plupart de la lumiére peut passer a travers le
SPD, de sorte que le SPD est donc relativement
transparent a I'état ON,

au moins 'un des un ou plusieurs contréleurs
répondant en outre a des informations de con-
tréle manuel pour contrdler 'opacité de son SPD
respectif difféeremment de ce qui est indiqué par
le ou les contréleurs principaux, et le procédé
comprenant I'étape qui consiste a : moduler la
fréquence du potentiel appliqué par l'intermé-
diaire d’'une plage variable, ou faire varier la ten-
sion d’attaque du SPD.

La méthode selon la revendication 1, dans lagquelle
au moins un contrdleur commande une pluralité de
SPD, et dans laquelle une pluralité de dispositifs de
commande manuelle est couplée au contréleur, le
procéde comprenant I'étape supplémentaire, effec-
tuée par le contrdleur, consistant a répondre a un ou
plusieurs dispositifs de commande manuelle de ma-
niere a commander un des SPD respectifs.

La méthode selon la revendication 2, comprenant
I'étape qui consiste pour chaque contrdleur, a chan-
ger automatiquement I'opacité de son SPD respectif
en fonction de I'heure de la journée, sans la néces-
sité d’'un message du maitre-contrdleur dirigeant
une telle modification.

Un systéme comprenant:

une multiplicité de contréleurs;

chaque contréleur comprenant une interface ré-
seau;

chaque interface réseau en communication
avec au moins une autre interface réseau;
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au moins un contréleur principal émettant des
commandes aux contréleurs,

caractérisé par

le fait qu’un ou plusieurs contréleurs compren-
nent des moyens de contrble de I'opacité d’au
moins un dispositif a particules en suspension
(SPD) respectif, ol

le SPD comprend de petites particules de forme
anisotrope en suspension dans un milieu liqui-
de, et

en I'absence d'un champ électrique appliqué,
les particules dans la suspension liquide pren-
nent des positions aléatoires en raison du mou-
vement brownien, et donc un faisceau de lumié-
re passant dans le SPD est réfléchi, transmis ou
absorbé, et le SPD est donc relativement som-
bre a 'état OFF, et

lorsqu’un champ électrique est appliqué a tra-
vers la suspension dans le SPD, les particules
s'alignentet, pour de nombreuses suspensions,
la plupart de la lumiére peut passer a travers le
SPD, de sorte que le SPD est doncrelativement
transparent a I'état ON,

I'au moins un contrdleur principal émetdes com-
mandes de niveau d’opacité aux contréleurs.

Le systéme selon la revendication 4, dans lequel un
contréleur comprenant des moyens contrélant 'opa-
cité d’au moins un SPD, est également sensible aux
informations de contréle manuel pour contrbler
I'opacité de ses SPD respectifs différemment que
celle indiguée par le contréleur principal au moins.

Le systéme selon la revendication 4, dans lequel le
contréleur principal comprend une premiére table de
recherche fournissant un mappage entre les valeurs
d'opacité souhaitées et les valeurs d’entralnement
donnant lieu aux valeurs d’opacité souhaitées, et ol
le contréleur principal communique lesdites valeurs
d’entrainement aux controleurs.

Le systéme selon la revendication 4, dans lequel le
contréle de I'opacité comprend la modulation de la
fréquence du potentiel appliqué a travers une plage
variable, ou la variation de la tension conduisant le
SPD.

Le systéme selon larevendication 4 ou le contrdleur
selon la revendication 2, dans lequel au maoins un
contréleur contréle une pluralité de SPD, et dans le-
quel une pluralité de dispositifs de commande ma-
nuelle est couplée au contréleur, ou le contrdleur
répond a au moins un dispositif de commande ma-
nuel afin de contrdler un ou plusieurs des SPD res-
pectifs.

Le systéme selon la revendication 4, dans lequel un
troisiéme contréleur commande une pluralité de
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SPD, et dans lequel une pluralité de dispositifs de
commande manuelle est couplée a un quatriéme
contréleur, dans lequel les troisieme et quatriéme
contréleurs sont couplés de maniére communicative
entre eux, dans lequel le troisieme contréleur répond
aau moins undispositif de commande manuelle cou-
plé au quatriéme contréleur, de maniére a comman-
der un ou plusieurs des SPD respectifs.

Le systéme selon revendication 4, dans lequel il est
stocké dans chaque contréleur contrélant opacité
d’'un SPD, une premiére table de référence fournis-
santun mappage entre les commandes recues et le
lecteur donnant lieu a diverses valeurs.

Le systéme selon revendication 4, dans lequel le film
de SPD est actionné différemment en fonction la
température extérieure.

Le systémeselon larevendication4, dans lequelune
combinaison d’'une source de lumiére et de photo
détecteurs est utilisée pour déterminer l'absolue
transparence de verre du matériel SPD et dans le-
quel le contréleur ajuste automatiquement les para-
métres opérationnels pour amener le matériel SPD
au niveau de transparence désiré.

Le systéme selon la revendication 4, dans lequel le
temps de commutation entre deux niveaux d’opacité
du matériel SPD est maintenu constant quelle que
soit la température extérieure du matériel du SPD.

Le systéme selon la revendication 4, dans lequel le
circuit de production d’énergie estdésactivé pour un
certain nombre de cycles par seconde pour mainte-
nir un niveau particulier de transparence du matériel
SPD a une consommation d’énergie plus faible que
le fonctionnement continu du matériel SPD.

Le systéme selon la revendication 4, dans lequel le
contréleur applique une premiére fréquence de fonc-
tionnement jusqu’a ce que le matériau SPD passe
au niveaude transparence souhaité et passe ensuite
a une seconde fréquence pour maintenir le matériau
SPD a ce niveau de transparence, la transition de la
premiéere fréquence a la seconde fréquence pouvant
se faire sans autre fréquence ou par une série de
fréquences intermédiaires d’'une forme discréte ou
variable en continu.

Le systéme selon larevendication4 dans lequel cha-
que contrdleur opére un ou plusieurs SPD disposés
dans leur intégralité dans un tableau de sorte que
chaque SPD forme un pixeld’'une merde pixels, dont
chacun peut étre individuellement mis a n'importe
quel niveau d’opacité.

Le systéme selon larevendication 16, ayantd’autres
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moyens d’entrée de message textuel a un contrdleur
principal & partir d’un dispositif d’entrée ou d’un sys-
téme externe, par lequel ce contrdleur principal com-
mandera a des contréleurs individuels de régler le
niveau d'opacité des pixels qu’il contréle a un régla-
ge sombre ou clair de maniére a montrer la premiére
partie du message textuel a afficher, ot chaque lettre
du texte est formée par la combinaison de plusieurs
pixels.

Le systéme selon la revendication 17, ou ce contré-
leur principal commandera périodiquement aux con-
tréleurs opérant les pixels individuels dans chaque
colonne d’afficher les données de pixel dans la co-
lonne a sa droite, ce qui donne l'apparence que le
message textuel défile vers sa gauche, et remplit de
nouvelles données de pixels dans la partie droite
pour la partie suivante du message textuel quireste
a afficher ou ordonne périodiguement aux contrd-
leurs opérant les pixels individuels dans chaque co-
lonne d’afficher les données de pixels dans la colon-
ne a sa gauche, fournissant ainsi I'apparence que le
message textuel défile vers sa droite et remplit de
nouvelles données de pixels dans la partie gauche
pour la partie suivante du message textuel quireste
a afficher ou commande périodiquement les contré-
leurs qui font fonctionner les pixels individuels dans
chaque rangée pour afficher les données de pixels
dans la rangée au-dessus, donnant ainsi l'impres-
sion que le message textuel défile vers le bas etrem-
plissant de nouvelles données de pixels dans la par-
tie supérieure pour la partie supérieure du message
textuel qui reste a afficher ou commander périodi-
guement les contrleurs opérant les pixels indivi-
duels dans chaque rangée pour afficher les données
de pixels dans la rangée en dessous, donnant ainsi
I'apparence que le message textuel est en train de
défiler vers le haut, et remplir de nouvelles données
de pixels dans le bas pour la partie suivante du mes-
sage textuel qui reste a afficher.

Le systéme selon la revendication 16, par lequel un
contréleur principal contient un moyen de recevoir
des données graphiques de pixels ol chaque pixel
peut avoir n'importe quelle obscurité, puis d’ordon-
ner aux contréleurs individuels de régler le niveau
d’'opacité des pixels qu’il contréle pour qu’il corres-
ponde aux positionsrelatives des pixels et au niveau
d'opacité définis dans les données graphiques re-
cues.

Le systéme selon larevendication 16, par lequeldes
séquences d’ensembles de données de pixels de
n‘importe quel niveau d’opacité peuvent étre prépro-
grammeées dans un contrleur principal et par lequel,
aunmomentultérieur, des moyens d’entrée peuvent
diriger ce contrdleur principal pour afficher une ou
plusieurs séquences pour une certaine période de
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temps en commandant aux contrdleurs individuels
de régler le niveau d’'opacité des pixels qu'ils con-
trélent pour qu’il corresponde aux positions relatives
des pixels et au niveau d’opacité prédéfinis pour la
séquence spécifiée.

Le systéme selon la revendication 4, dans laguelle
le message comprend une commande d’opacité.

Le systéme selon la revendication 4, dans lequel au
moins un contréleur détermine une modification né-
cessaire de 'opacité de son matériel SPD respectif
en fonction de I'orientation physique de divers SPD
en réseau sur la terre, en fonction de la latitude, de
la longitude, du jour de 'année et de I'heure du jour,
et informe les autres contréleurs du réseau pour ef-
fectuer un tel changement de l'opacité.

Le systéme selon revendication 4, ol le contréleur
principal est un systéme de traitement de données
sans capacité de contrdle direct des signaux électri-
gues fonctionnant dans une fenétre SPD.

Le systéme selon la revendication 23 dans lequel il
existe un contréleur principal redondant capable de
reprendre le fonctionnement du contréleur principal
primaire en cas de défaillance de celui-ci.

Les systémes selon la revendication 4 ou le contré-
leur principal peut temporairement ou définitivement
étre I'un des contrdleurs de fenétre SPD.

Les systémes selon la revendication 4, dans les-
quels le controleur principal est connecté a un sys-
téme externe par une liaison de communication uni-
directionnelle ou bidirectionnelle, tel le contréle de
CVC, le contrble de I'éclairage, la sécurité de la mai-
son ou de l'immeuble, ou autre systéme externe dé-
terminant le réglage de transparence souhaité d’une
ou plusieurs fenétres SPD connectées a un ou plu-
sieurs contréleurs SPD, et transmettre le(s) ni-
veau(s) de transparence désiré(s) au contrdleur
principal pour effectuer le(s) changement(s) de
transparence désiré(s) a d'autres contrdleurs.

Le systéme selon la réclamation 26, ou la commu-
nication se fait par fil ou sans fil.

Le systéme selon la revendication 26, ou le contré-
leur principal transmet des informations au systéme
externe et le systéme externe transmet des informa-
tions au contréleur principal par le biais d’une liaison
de communication utilisant une représentation XML,
ASCllouUnicode de donnéesformatées ou séquen-
ces de données.

Le systéme selon la revendication 4, ou les contré-
leurs de la SPD font fonctionner des fenétres dans
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une maisonrésidentielle ou un batiment commercial,
des fenétres sur un avion, des fenétres sur une voi-
ture, un camion, un VUS, une fourgonnette, un auto-
bus, un taxi ou un véhicule similaire, des fenétres
sur un train, un tram, un maglev, un monorail, un
téléski, un train atmosphérique ou un trolley, ou des
fenétres sur un véhicule maritime.

Le systéme selon la revendication 4, dans laquelle
un contréleur peut également inclure un ou une plu-
ralité d’interfaces ou entrées numériques connec-
tées a des capteurs numériques, afin de lire 'entrée
d'un ou plusieurs capteurs.

Le systéme selon la revendication 30, lorsque I'en-
trée des capteurs est interprétée par le controleur
SPD pour niveau d’opacité d’'une ou plusieurs fené-
tres directement connectées au contréleur.

Le systéme selon la revendication 30, ou I'entrée
des capteurs est lue par le contrleur SPD et en-
voyée au contréleur principal pour déterminer quelle
fenétre, fenétres ou banques de fenétres doivent
avoir leur niveau d’opacité changé et le contréleur
principal effectue cette modification en envoyantdes
messages aux contrbleurs SPD appropriés effec-
tuant les fenétres qui doivent étre modifiées.

Le systéme selon la revendication 30, ou le capteur
peut détecter le niveau de lumiére du soleil, détecter
la pluie, détecter une salle dans laquelle les fenétres
du SPD sont situés, détecter la rupture de verre, dé-
tecter la vibration en verre, détecter la chaleur, la
fumée ou le feu dans la salle contenant le contréleur
de SPD, détecter la température intérieure, détecter
la température extérieure, le rayonnement solaire,
détecter le géographigue position d’une ou plusieurs
fenétres, ou de détecter I'orientation géographique
d'uneou plusieurs fenétres, grace alaquelle les don-
nées spécifiques du capteur est utilisé pour déter-
miner l'opacité pour définir 'au moins un SPD res-
pectif.

Le systéme selon la revendication 4, dans lequel un
ou plusieurs contréleurs communiquent avec un ou
plusieurs dispositifs d’entrée a distance qui envoie
des commandes au contrdleur pour modifier la trans-
parence d’'une ou plusieurs des fenétres directement
connectées.

Le systéme selon la revendication 34, ou les com-
munications fonctionnent sans fil ou par fil.

Le systéme selon la revendication 34, dans lequel
le dispositif d’entrée a distance est un appareil por-
tatif, est un dispositif d’entrée mural, ou est un pan-
neau tactile.
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Le systéme selon la revendication 4, dans lequel un
ou plusieurs contréleurs communiguent avec un ou
plusieurs dispositifs d’entrée a distance qui sont ca-
pables d’envoyer des informations de configuration
au contrdleur pour mettre en place des paramétres
opérationnels dans le contréleur.

Le systéme selon la revendication 37, dans lequel
les communications fonctionnent sans fil ou par fil.

Le systéme selon la revendication 37, dans lequel
le dispositif d’entrée a distance est un appareil por-
tatif, est un dispositif d’entrée mural, ou est un pan-
neau tactile.

Le systéme selon la revendication 30, selon lequel
le contréleur tient compte de toute loi régissant les
vitres teintées dans la zone géographique dans la-
quelle se trouve le contrdleur, afin de s'assurer que
'opacité maximale de la vitre appliqguée au verre
SPD ne dépasse pas les limites légales.

Le systéme selon la revendication 30, ol le capteur
peut mesurer la résistance électrique, peut mesurer
le courant électrique peut mesurer la tension élec-
trique, peut mesurer le magnétisme, peut mesurer
la pression, peut mesurer 'écoulement de gaz ou de
fluide, peut mesurer I'existence de divers chimies,
peut mesurer le rayonnement optique, ou peut me-
surer le rayonnement acoustique par lequel les don-
nées spécifiques de sonde est utilisé pour détermi-
ner l'opacité pour définir au moins un SPD respectif.

Le systéme selon larevendication 4, dans lequel I'in-
terface réseau d’au moins un des contrbleurs un ou
plusieurs est connecté a un canal de communication
sans fil et le canal de communications sans fil est
connecté simultanément a une interfaceréseaud’au
maoins un de la multiplicité de contrdleurs.

Le systéme selon la revendication 4, dans lequel au
maoins trois interfaces réseau comprennent des
émetteurs-récepteurs radios,

chaque émetteur-récepteur radio en communi-
cation radio avec au moins un autre émetteur-
récepteur radio, mais en communication radio
avec maoins que tous les autres émetteurs-ré-
cepteurs radios,

au moins un premier contrdleur de la multiplicité
des contréleurs comprenant des émetteurs-ré-
cepteurs radios qui ne sont pas en communica-
tion radio avec au moins un contrdleur principal,
au moins un deuxiéme contrdleur de la multipli-
cité des contréleurs comprenant des émetteurs-
récepteurs radio disposés pour recevoir une
commande du contrdleur principal adressé au
premier contréleur et pas a lui-méme, et pour
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transférer la commande au premier contrdleur.

44. Lesystémeselonlarevendication 4, dans lequel I'in-
terface réseau d’au moins un des un ou plusieurs
contrdleurs est une connexion filaire a une interface &
réseau d’au moins une de la multiplicité des contré-
leurs.
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