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(57) Abstract: This disclosure relates generally to optically
switchable devices, and more particularly, to methods for con-
trolling optically switchable devices. In various embodiments,
one or more optically switchable devices may be controlled via
voice control and/or gesture control. The method may be imple-
mented on a network of optically switchable devices, and may be
implemented to control the optical state of a plurality of optically
switchable devices on the network.
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CONTROLLING OPTICALLY-SWITCHABLE DEVICES

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Patent Application No.
5 62/327,880, filed April 26, 2016, the disclosure of which is incorporated herein by

reference in its entirety and for all purposes.

TECHNICAL FIELD
[0002] This disclosure relates generally to optically switchable devices, and more

particularly, to methods and apparatus for controlling optically switchable devices

BACKGROUND

10 [0003] The development and deployment of optically switchable windows have
increased as considerations of energy efficiency and system integration gain
momentum. Electrochromic windows are a promising class of optically switchable
windows. Electrochromism is a phenomenon in which a material exhibits a reversible
electrochemically-mediated change in one or more optical properties when stimulated

15  to a different electronic state. Electrochromic materials and the devices made from
them may be incorporated into, for example, windows for home, commercial, or other
use. The color, tint, transmittance, absorbance, or reflectance of electrochromic
windows can be changed by inducing a change in the electrochromic material, for
example, by applying a voltage across the electrochromic material. Such capabilities

20  can allow for control over the intensities of various wavelengths of light that may pass
through the window. One area of relatively recent interest is in intelligent control
systems and algorithms for driving optical transitions in optically switchable windows
to provide desirable lighting conditions while reducing the power consumption of

such devices and improving the efficiency of systems with which they are integrated.

SUMMARY
25  [0004] Various embodiments herein relate to methods, systems, and networks for
controlling optically switchable devices. In a number of cases, one or more optically

switchable device may be controlled using voice control and/or gesture control.

[0005] In one aspect of the disclosed embodiments, a method of controlling an optical

state of an optically switchable device is provided, the method including: (a) receiving

-1-
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a voice command or a gesture command from a user, the voice command or gesture
command conveying information for changing the optical state of the optically
switchable device to a desired optical state; (b) using voice recognition or gesture
recognition to convert the voice command or gesture command, respectively, into a
text command; (c) analyzing the text command from (b) to interpret the voice
command or gesture command from the user in (a); and (d) executing the text
command to cause the optically switchable device to transition to the desired optical

state.

[0006] In certain embodiments, the method may further include (e) generating a
response to the user indicating whether the voice command or gesture command made
in (a) is occurring. In these or other cases, the method may include (f) confirming
whether the user is authorized to execute the voice command or gesture command
received in (a). The method may be implemented on a network of optically
switchable devices, and may be implemented to control the optical state of a plurality

of optically switchable devices on the network.

[0007] The voice command or gesture command may relate to a variety of different
control options. In one example, the voice command or gesture command from the
user in (a) describes the desired optical state based on a relative comparison to a
starting optical state of the optically switchable device. For instance, the voice
command or gesture command from the user in (a) may indicate that the optically
switchable device should become darker or lighter. Similarly, the voice command or
gesture command from the user in (a) may indicate that the optically switchable
device should become more opaque or less opaque. In another example, the voice
command or gesture command from the user in (a) indicates that the optically
switchable device should become more reflective or less reflective. In some cases,
the voice command or gesture command from the user in (a) indicates that a step

change should be made to the optical state of the optically switchable device.

[0008] In certain embodiments, the voice command or gesture command from the
user in (a) describes the desired optical state as a distinct optical state of the optically
switchable device, without reference to a starting optical state of the optically
switchable device. In various implementations, the voice command or gesture

command from the user in (a) is a voice command instructing the optically switchable

-
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device to switch to the desired optical state according to one or more rules. In one
example, the rule relates to a schedule and the voice command instructs the optically
switchable device to switch to the desired optical state at a scheduled time. In another
example, the rule relates to weather and the voice command instructs the optically
switchable device to switch to the desired optical state if a particular weather
condition occurs. In another example, the optically switchable device is installed in a
building, the rule relates to environmental conditions within the building, and the
voice command instructs the optically switchable device to switch to the desired
optical state if an internal condition within the building occurs. In some such cases,

the internal condition within the building relates to a temperature within the building.

[0009] The various operations may occur at a number of different locations. In some
cases, each of (a)-(d) occur locally on one or more controllers installed in a building
in which the optically switchable device is installed. In some such cases, each of (a)-
(d) occur locally on one or more controllers installed onboard the optically switchable
device. In some other embodiments, (¢) occurs on a processor that is located remotely

from a building in which the optically switchable device is installed.

[0010] In certain implementations, the voice command or gesture command from the
user in (a) includes a gesture command. The user may identify the optically
switchable device by pointing at it in some embodiments. In various cases, the
method may involve interpreting both the gesture command and the voice command,
the gesture command identifying which optically switchable device the user desires to
control, and the voice command indicating the desired optical state for the optically

switchable device.

[0011] One or more dictionaries may be used to implement the method. In certain
embodiments, (b) includes using two or more dictionaries to convert the voice
command or gesture command into the text command, where a first dictionary is used
when converting a first portion of the voice command or gesture command, and a
second dictionary is used when converting a second portion of the voice command or
gesture command. In these or other cases, (¢) may include using two or more
dictionaries to analyze the text command, where a third dictionary is used when
analyzing a first portion of the text command and a fourth dictionary is used when

analyzing a second portion of the text command.

3-
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[0012] In a further aspect of the disclosed embodiments, a system for controlling an
optical state of an optically switchable device in response to a voice command or
gesture command from a user is provided, the system including: (a) at least one
element selected from the group consisting of: a microphone, a video camera, and a
motion sensor; (b) a controller communicatively coupled with the optically switchable
device and configured to control the optical state of the optically switchable device;
(c) either (1) a voice recognition module configured to convert the voice command to
a text command, or (i1) a gesture recognition module configured to convert the gesture
command to the text command, where the voice command is perceived by the
microphone and/or where the gesture command is perceived by the video camera
and/or by the motion sensor; (d) a command processing module configured to
interpret the text command generated by the voice recognition module or gesture
recognition module; and (e) a command execution module configured to execute the

interpreted text command from the command processing module.

[0013] In certain embodiments, the system may further include (f) a response
generation module configured to generate a response to the user; and (g) a response
communication module configured to communicate the response to the user, where

the response is communicated to the user visually and/or aurally.

[0014] In some cases, the system includes (h) an authentication module configured to
confirm whether the user is authorized to control the optically switchable device as
requested in the voice command or gesture command from the user. The
authentication module may be configured to authorize the user for a particular
duration, and to request an additional authorization after the particular duration has
passed. In some cases, the authentication module confirms whether the user is
authorized by requiring the user to log in with a passcode. In another example, the
authentication module confirms whether the user is authorized by using facial
recognition to identify the user. In another example, the authentication module
confirms whether the user is authorized by using voice recognition to identify the
user. In various embodiments, the authentication module is configured to confirm
whether the user is authorized each time the user provides a new voice command or a
new gesture command. In these or other implementations, the authentication module
may influence which dictionary or dictionaries are used in the voice recognition

module, the gesture recognition module, and/or the command processing module.

-
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[0015] The microphone, video camera, and/or motion sensor may be provided
onboard the optically switchable device in some cases. In some other cases, the
microphone, video camera, and/or motion sensor may be provided on an electronic
device that communicates with the optically switchable device. For instance, the
electronic device may be a smartphone, tablet, laptop, personal computer, fitness
device, watch, or wall unit. In some embodiments, the gesture command is perceived
by the motion sensor, and the motion sensor includes one or more accelerometers,
gyroscopes, and/or magnetometers. The system may be configured to control the

optical state of a plurality of optically switchable devices each installed on a network.

[0016] In a further aspect of the disclosed embodiments, a method of querying a
control system of an electrochromic device is provided, the method including: (a)
receiving a query from a user, where the query is provided in spoken form, and where
the query is received by a device that is part of the control system for the
electrochromic device; (b) using voice recognition to convert the query into a text
query; (c) analyzing the text query from (b) to interpret the query from the user in (a);

(d) determining an answer to the query; and (e) providing the answer to the user.

[0017] In some embodiments, the answer is provided to the user in (e) by (1)
displaying the answer so that the user can perceive the answer visually, and/or (ii)
reciting the answer so that the user can perceive the answer aurally. The query may
relate to the electrochromic device. In some cases, the query relates to a current
optical state of the electrochromic device and/or to an ongoing optical transition on
the electrochromic device. In some other cases, the query relates to a future optical
state of the electrochromic device and/or to a future optical transition on the
electrochromic device. In some embodiments, determining the answer to the query in

operation (d) includes searching the Internet to determine the answer.

[0018] These and other features will be described below with reference to the

associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] Figure 1 shows a block diagram of example modules that may be used for

implementing voice control in some implementations.
[0020] Figure 2A shows a flowchart for a method of controlling electrochromic

-5-
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[0021] Figure 2B shows a flowchart for a method of controlling electrochromic
windows using voice control in certain implementations where multiple dictionaries

are used.

[0022] Figure 2C shows a flowchart for a method of implementing voice control

according to a specific example.

[0023] Figure 3A shows a user interacting with a wall device to control

electrochromic windows.

[0024] Figures 3B-3E show various configurations of components that may be used

to implement certain control methods described herein.

[0025] Figure 4 shows a cross-sectional view of an example electrochromic window

100 in accordance with some implementations.

[0026] Figure 5 illustrates an example control profile in accordance with some

implementations.

[0027] Figure 6 shows a block diagram of an example network system operable to

control a plurality of IGUs in accordance with some implementations.

[0028] Figure 7 shows a block diagram of an example master controller (MC) in

accordance with some implementations.

[0029] Figure 8 shows a block diagram of an example network controller (NC) in

accordance with some implementations.

[0030] Figure 9 shows a block diagram of example modules of a network controller

in accordance with some implementations.

[0031] Like reference numbers and designations in the various drawings indicate like

elements.

DETAILED DESCRIPTION
[0032] The following detailed description is directed to specific example

implementations for purposes of disclosing the subject matter. Although the disclosed

-6-
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implementations are described in sufficient detail to enable those of ordinary skill in
the art to practice the disclosed subject matter, this disclosure is not limited to
particular features of the specific example implementations described herein. On the
contrary, the concepts and teachings disclosed herein can be implemented and applied
in a multitude of different forms and ways without departing from their spirit and
scope. For example, while the disclosed implementations focus on electrochromic
windows (also referred to as smart windows), some of the systems, devices and
methods disclosed herein can be made, applied or used without undue
experimentation to incorporate, or while incorporating, other types of optically
switchable devices that are actively switched/controlled, rather than passive coatings
such as thermochromic coatings or photochromic coatings that tint passively in
response to the sun’s rays. Some other types of actively controlled optically
switchable devices include liquid crystal devices, suspended particle devices, and
micro-blinds, among others. For example, some or all of such other optically
switchable devices can be powered, driven or otherwise controlled or integrated with
one or more of the disclosed implementations of controllers described herein.

2%

Additionally, in the following description, the phrases “operable to,” “adapted to,”

2%

“configured to,” “designed to,” “programmed to,” or “capable of” may be used

interchangeably where appropriate.

Voice and Gesture Control

[0033] In a number of embodiments, voice and/or gesture control may be used to
interact with an optically switchable device. Such control methods may be more
convenient compared to more conventional control methods that may require a user to
touch or otherwise physically interact with a particular component (e.g., switch, knob,
keypad, touchscreen, etc.). Voice control may be particularly beneficial for users with

certain disabilities.

Example Commands

[0034] Generally speaking, voice and/or gesture control may be used to implement
any type of command on an optically switchable device. For example, voice and/or
gesture control may be used to implement tinting commands for a single optically
switchable device (e.g., “change window 1 to tint 4” or “make window 1 darker”), or
for a group or zone of optically switchable devices (e.g., “change the windows in zone

1 to tint 4” or “make the windows in zone 1 darker” or “make the windows in zone 1

-7-
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much darker,” etc.). The commands may relate to discrete optical states to which the
relevant optically switchable device(s) should change (e.g., discrete tint levels, or
other discrete optical states) or relative changes in the optical states of the optically
switchable device(s) (e.g., darker, lighter, more reflective, less reflective, e.g., or “my
office is too dark, please lighten it up” or “I want to run the projector,” (letting the
system know to darken the room) or “it’s hot in here” (letting the system know to
darken the windows and block heat gain) etc.). Where relative changes are used, the
control system may be designed or configured to implement step changes (e.g., 10%
darker or lighter) in the optical state of the optically switchable device to carry out the
command. The degree of each step change may be pre-defined. Alternatively or in
addition, the control system may be designed or configured to implement step
changes of a size or degree specified by the user. Such commands may be modified
by any relative words used in the command (e.g., “very” or “a little bit,” or “lighter”

or “darker” etc.).

[0035] Voice control can also be used to set a schedule for the optically switchable
device. For instance, a user may direct the optically switchable device(s) to tint at
particular times/days (e.g., “make the windows in zone 1 go to tint 4 at 2 pm Monday
through Friday” or “the morning sun makes it hot in here” (letting the system know to
tint the windows during the morning hours when the sun impinges on that side of the
building) or “I can’t see the mountains well in the afternoon” (letting the system know
that the windows are tinted too much in the afternoon and to lighten them during the
afternoon)). Similarly, voice control can be used to implement tinting rules for the
optically switchable device (e.g., “tint the windows in zone 1 to tint 4 when it’s sunny
outside” or “tint the windows in this room if the temperature inside this room is above
70°F”). Any rules that can be implemented on a network of optically switchable
devices (including any other networked components such as thermostat, BMS,

electronic device, etc.) can be initiated via voice control.

[0036] Voice control can be implemented on various components of control
architecture for the smart window system, e.g., onboard window controllers or other
window controllers, network controllers, master controllers, wall switches (e.g.,
interfaces with control components) and/or a separate device that interfaces with any

or all of the aforementioned devices and/or components.
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[0037] Gesture control may be more limited to some degree, due to a more limited
dictionary of movements that can be recognized compared to the more expansive
dictionary of words that can be recognized when using voice control. However,
gesture control can still be used to implement many types of commands. For instance,
gesture control can be used to indicate that a particular window or group of windows
should change to a lighter or darker state (or other optical states if non-electrochromic
optically switchable devices are used). The user may indicate the window(s) to be
changed by standing in front of the relevant window(s) and/or pointing to the relevant
window(s). The user may indicate the desired change by raising or lowering their
hands or arms, or by opening or closing their palms, for instance. A dictionary of
recognized gestures may be created to define the types of commands that can be
accomplished via gesture control. More expansive gesture dictionaries may enable
finer, more complex control of the optically switchable devices. However, there is
some degree of tradeoff in terms of ease of use, with smaller gesture dictionaries

being easier for users to master.

[0038] In some cases, the gestures may be perceived by a video camera. The camera
may be provided on any available device, and in some examples is provided as part of
a wall unit, as part of a device that interfaces with a wall unit (e.g., a smartphone,
tablet, or other electronic device), as part of a hand-held device (e.g., smartphone,
tablet, or other electronic device), on an electrochromic window or frame, or as part
of any other device that is configured to control an electrochromic or other optically
switchable window. Alternatively or in addition, a user may gesture while holding,
wearing, or otherwise moving a sensing device that is configured to sense
movement/acceleration/etc. The readings on the sensing device may be used to help
determine what gesture a user has made. The movement sensing device may include
one or more accelerometers, gyroscopes, and/or magnetometers, etc. In some
embodiments, the sensing device may be a fitness device (e.g., any of various
wearable devices from Fitbit Inc. or Jawbone, each in San Francisco, CA), watch
(e.g., from Apple Inc. of Cupertino, CA or Pebble Technology Corporation in Palo
Alto, CA), or similar wearable device. In certain embodiments, facial recognition
software is used to determine changes in facial expressions as commands to change

the tint level of windows.

[0039] Another type of command that may be initiated via voice control is to turn off
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“listening mode.” When listening mode is on, the device that listens for commands is
able to pick up oral commands. When listening mode is off, the device that listens for
commands is not able to pick up/hear/record such commands. As explained further
below, the device that listens for commands may be part of a window controller, IGU,
wall device, and/or other electronic device (e.g., phone, tablet, etc.), for example. A
user may desire to turn listening mode off for increased privacy, energy savings, etc.
In some cases, the user may request that listening mode turn off for a specified time
period (e.g., the duration of a meeting). In order to turn listening mode back on, the
user may press a button/touchscreen (e.g., on the device that listens for commands, on
the window controller, IGU, wall device, or other electronic device) or otherwise
indicate that listening mode should turn back on. Devices may indicate when
listening mode is on and/or off. In one example, one or more lights (e.g., LEDs) may
indicate whether listening mode is on or off. The light may be turned on to indicate
that listening mode is on, and off to indicate that listening mode is off (or vice versa).
In another example, a first light or light color may indicate that listening mode is on,
and a second light or light color may indicate that listening mode is off. In another
example, devices can use an audio cue, e.g., may emit a tone, e.g., periodically, as a
reminder to the user that listening mode is inactive (or active). In certain
implementations, listening mode may be deactivated for a period of time (e.g., 1
minute, 10 minutes, 30 minutes, 1 hour, 2 hour, 3 hours, 1 day, etc.), after which
listening mode may automatically be reactivated. The period of time over which
listening mode remains deactivated may be chosen by the user, or may be preset. In
some embodiments, listening mode is activated by default. In other words, listening
mode is on unless it is turned off (e.g., permanently turned off, or turned off for a
period of time, as mentioned above). In other embodiments, the default setting may
be that listening mode is off. In these embodiments, listening mode does not activate

unless a command is received to turn listening mode on.

[0040] Analogously, where gesture command is used, the user may control whether a
relevant device that interprets gesture commands is in a “watching mode.” Like the
listening mode, the watching mode can be turned on and off. When a device is in
watching mode, it is able to sense and interpret gesture commands. When the
watching mode is off, the device is not able to sense, record, and/or process gesture
commands. Generally speaking, details provided herein related to listening mode

may similarly apply to watching mode.
-10-
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[0041] In certain implementations, voice commands may be used to ask a question to
the system controlling the optically switchable device (or some component on the
network on which the optically switchable device is installed). The questions may
relate directly to the optically switchable device, or more generally, to any optically
switchable device or group of devices on the network. For instance, a user may ask
what the current optical state is for a particular optically switchable device (e.g.,
“what’s the tint level of window 1?”). Similarly, a user may ask what the upcoming
behavior will be for a particular optically switchable device (e.g., “when is the next
time the windows in my office will begin to get darker?”). The questions may also
relate to any other information to which the network has access. For instance, a user
may ask about weather data (e.g., temperature data, cloud data, precipitation data,
forecast data, etc.), location data (e.g., “where am 1?” or “how do I get from here to
the nearest printer/exit/bathroom/etc.”), access data (e.g., “am I allowed to control the
tint level of the windows in this room?”), etc. A user may also ask for an explanation
of why the optically switchable device is performing in a certain way. In one
example, a user might ask, “why is window 1 tinting?” and the system may explain in
response to the query, “clouds expected to clear in 20 minutes, tinting in anticipation
of bright sun.” This feature is particularly useful in cases where the optically
switchable device is programmed to execute rules that might not be immediately
observable/understandable to a user. The answer may be provided visually (e.g., on a

screen) or aurally (e.g., through a speaker).

[0042] Voice command may also be used to control the degree of privacy in the room
with respect to wireless communications. In some embodiments, optically switchable
windows may be patterned to include one or more antenna that may be used to block
or allow particular wavelengths to pass through the windows. When activated, these
patterned antennae can provide increased security/privacy by blocking cell phone
communications, Wi-Fi communications, etc. Patterned antennae and related privacy
considerations are discussed in P.C.T. Application No. PCT/US15/62387, filed
November 24, 2015, and titled WINDOW ANTENNAS, which is herein incorporated

by reference in its entirety.

Dictionaries
[0043] Where voice and/or gesture control are used, one or more dictionaries may be

defined. For voice control, the dictionaries may define a set of words and/or phrases

-11-
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that the system is configured to interpret/understand. Similarly, for gesture control,
the dictionaries may define a set of gestures that the system is configured to
interpret/understand. Dictionaries may be tiered, e.g., given a command in a first
level dictionary, a new dictionary at a second level may be initiated for receiving
commands, and once received, yet another level dictionary may be actuated. In this
way, individual dictionaries need not be overly complex and the end user can quickly

get to the command structure they desire.

[0044] Examples of words or phrases that may be defined include
names/identifications for each optically switchable device or group of devices (e.g.,
“window 1,” “group 1,” “zone 1,” etc.). Such names/identifications may also be
based on the location of the optically switchable devices. In this respect, the
dictionaries may be defined to include words that identify optically switchable
devices based on location (e.g., “first floor,” or “break room,” or “east-facing”),

and/or words that provide a relation between the user (or some other person) and the

2%

optically switchable device being identified (e.g., “my office,” “the left window,” or

“Deepa’s room”).

[0045] The dictionaries may also define words related to the desired commands that

can be instructed. For instance, the dictionaries may include words like “tint,”

2% 2% 2%

“clear,” “clearest,” “darker,” “darkest,” “lighter,” “lightest,” “more,” “less,

Very”’

“a little,” “tint level,” “tint1,” “tint2,” etc. Any words likely to be used by a person
when instructing the optically switchable device when using verbal commands can be
included in the dictionary. In cases where the system is configured to allow a user to
set a schedule or rules for the behavior of the optically switchable device, the

dictionary or dictionaries can include any words needed to understand such

2% 29 CC

commands (e.g., “Monday,” “Tuesday through Friday,” “morning,” “afternoon,”

2%

“bedtime,” “sunrise,” “if,” “then,” “when,” “don’t,” “cloudy,” “sunny,” “degrees,”

2% 2%

“someone,” “no one,” “movement,

2%

only,” etc.). Similarly, in cases where the
system is configured to allow a user to ask a question, the dictionary or dictionaries
can include any words needed to understand the types of questions the system is

designed to answer.

[0046] As mentioned above, there is some tradeoff between larger dictionaries, which

may enable finer control, more natural/flexible commands, and more complex
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functions (e.g., answering any question where the answer is available on the internet),
compared to smaller dictionaries, which may be easier for people to master, and
which may enable faster and/or more local processing. Smaller dictionaries may be
used in a tiered format, where access to successive dictionaries is afforded by a user
providing the proper voice or gesture command in one dictionary in order to be

allowed access to the next dictionary.

[0047] In some embodiments, a single dictionary may be used. In other cases, two or
more dictionaries may be used, and the dictionary that is used at a particular time
depends on what type of command, or what portion of a command a user is trying to
convey. For instance, a first dictionary may be used when a user is identifying which
optically switchable device they wish to control, and a second dictionary may be used
when the user is identifying what they want the optically switchable device to do.
The first dictionary could include any words needed to identify the relevant optically
switchable device, while the second dictionary could include any words needed to
interpret what the user wants the optically switchable device to do. Such contextual
dictionaries can provide a limited sub-set of words that the system is configured to
understand/interpret whenever the particular dictionary is being used. This may make

it easier to interpret a user’s commands. Further examples are provided below.

[0048] In certain implementations, one or more dictionaries may be tailored to
particular users. The dictionaries for defining/determining which electrochromic
window(s) a user desires to switch may be limited based on which windows the user
is authorized to switch, for instance. In one example, user A is allowed to switch
windows 1-5, while user B is allowed to switch windows 6-10. The dictionary or
dictionaries used to transcribe and/or interpret commands from user A may be limited
to identifying windows 1-5, while the dictionary or dictionaries used to transcribe

and/or interpret commands from user B may be limited to identifying windows 6-10.

[0049] Each dictionary may include certain keywords that allow the user to navigate

through the system more easily. Such keywords may include phrases such as “help,”

2% 2% 2% 2%

“back,” “go back,” “previous,” “undo,” “skip,” “restart,” “start over,” “stop,” “abort,”
etc. When a user requests help, the system may be configured to communicate to the
user (e.g., visually and/or aurally) the words, phrases, commands, windows, etc. that

the system is currently configured to accept/understand based on the dictionary that is
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being used at a given time. For instance, if a user requests help while the system is
accessing a dictionary that defines the different windows available for switching, the
system may communicate that the available inputs at that time are, e.g., “window 1,”

“window 2, “window 3,” “group 1,” etc.

Security/Authorization

[0050] In a number of embodiments, the system may act to ensure that a user is
authorized to make a particular command before the command is executed. This can
prevent unauthorized users from making changes to the optically switchable devices.
One setting in which this is particularly valuable is conference rooms, where there
may be many people present at once. In such cases, it may be desirable to ensure that
people who do not have authority to change the optical state of the optically
switchable devices are prevented from doing so. This can reduce the risk that the
optically switchable devices will change based on overheard (typically non-relevant)
comments made by those in the room. Another setting in which this feature is
valuable is commercial office space, where it is desired that individual people can
each control a limited number of optically switchable devices near their work spaces,
for instance. In one example, each person may be authorized to control the optically
switchable windows in their particular office, or on their particular floor, etc. In any
case, it may be beneficial to ensure that the only people who are able to initiate optical

transitions via voice or gesture command are authorized to do so.

[0051] The authorization may be done in a number of ways. In one example, a user
may “log in” to the system to identify herself. This may be done by logging into an
application on an electronic device (e.g., smartphone, tablet, etc.), by keying in or
voicing a passcode, etc. In another example, voice recognition may be used to
confirm the identity of a user. In a further example, facial recognition, fingerprint
scanning, retinal scanning, or other biometric-based methods may be used to confirm
the identity of a user. Different authorization procedures may be best suited for
different applications/contexts. In a particular example, a user may be automatically
authorized. Such authorization may be based on a physical authorization token (e.g.,
an RFID badge, a BLE beacon, UWF beacon, etc. having appropriate identification
information), and the proximity of the physical authorization token to a sensor that
reads the token. The sensor may be provided on an optically switchable device, on a

controller in communication with the optically switchable device, on a wall unit in
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communication with the optically switchable device, etc. The verification may occur
locally (e.g., on the sensor that reads the token, on an optically switchable device, on a

controller, on a wall unit, etc.) or in the cloud.

[0052] In some cases, authorization may occur whenever it is needed, and
authorization may expire after a set amount of time has passed, or after the user has
been idle for a set amount of time (e.g., after 24 hours, or after 1 hour, or after 10
minutes). The time period used for auto-logging out may depend on the setting in
which the windows are installed (e.g., whether the windows are in a public area or a
private area). In some cases, authorization may not expire until a user logs out (e.g.,
using any available method including, but not limited to, orally requesting a logout,
pressing a logout button, etc.). In certain embodiments, authorization may occur each
time a command is made. In some such embodiments, authorization may occur in
stages even when interpreting a single command. In a first authorization stage, it may
be determined whether the user has authorization to make any changes on the
network, and in a second authorization stage, it may be determined whether the user

has authorization to make the particular change that the user has requested/initiated.

[0053] The authorization process may also be used to further limit the dictionaries
used to interpret the voice and/or gesture commands. For example, the dictionary or
dictionaries for a particular user may exclude optically switchable devices (or
groups/zones of such devices) that the user is not authorized to control. In one
example, a user is only authorized to control the optically switchable devices in zonel
and zone 2, so the dictionary or dictionaries used to interpret commands for this user
may include “zone 1” and “zone 2” while excluding “zone 3.” Any other words

needed to interpret/understand the command may also be included in the dictionary.

Example Voice/Gesture Control Techniques

[0054] Figure 1 provides a block diagram of a voice/gesture control system 900,
which includes several modules that may be used when practicing the disclosed voice
control embodiments. These modules may be implemented separately or together, as
appropriate for a particular application. The modules may be provided in separate
pieces of hardware, and may control a variety of processors. The modules may be
executed concurrently or non-concurrently. Generally speaking, each module may be

independently implemented on a controller (e.g., the window controller, the network
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controller, and/or the master controller), an optically switchable device, a wall device,
a router, and/or a remote processor. In certain implementations, one or more of the
modules may be implemented on processor 402 of Figure 7, processor 502 of Figure
8, and/or a processing unit of a window controller. Within each module, any relevant
processing may be done locally or remotely, as discussed further below. The
processing may be done in a central location/device, or it may be distributed

throughout a number of locations/devices.

[0055] The voice recognition module 902 converts/transcribes speech to text. In
other words, the input to this module is typically speech (spoken by a user and
captured/recorded by a microphone), and the output from this module is typically a
text string or file. This module may be implemented using a number of commercially
available speech to text products/services/libraries. As one example, Carnegie Mellon
University of Pittsburgh, PA provides a number of open source speech software
resources that may be used such as CMU Sphinx. Additional examples include
various Dragon products available from Nuance Communications, Inc. in Burlington,
MA, and Tazti, available from Voice Tech Group, Inc. of Cincinnati, OH. The voice
recognition module 902 may also be implemented using custom software designed

specifically for voice control related to optically switchable devices.

[0056] The command processing module 904 interprets text in order to determine the
desired command instruction. In other words, the input to this module is typically a
text file (which may be generated by the voice recognition module 902), while the
output is a set of commands/instructions that can be interpreted by the window
controller (or another controller on the network) to cause the relevant optically
switchable device to initiate the desired command. This function may also be referred
to as language processing or natural language processing. Similar to the speech
recognition module 902, the command processing module 904 may be implemented
using a number of available products/services, or using software specifically

developed for the particular application.

[0057] The authentication module 906 may be used to practice the
authorization/security techniques discussed herein. Generally, the authorization
module 906 may be used to ensure that the person giving the command is authorized

to make the command. The module may compare the optically switchable device
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identified in the command to a list of optically switchable devices that the user is
authorized to control. In cases where a user tries to control an optically switchable
device that they are not authorized to control, the authentication module 906 may be
configured to notify the user (e.g., visually and/or aurally) that they are not authorized
to control the relevant optically switchable device. In other cases, no action is taken
when an un-authorized command is given (e.g., no notification to the user, and no

switching of the optically switchable device).

[0058] The command execution module 908 executes the commands on the relevant
optically switchable device(s). The command may be executed on a master
controller, network controller(s), and/or window controller(s). In one example, the
command may be executed by instructing the master controller to send all windows in
a particular group or zone to a desired tint level. Generally, the command may be

executed on/by any of the control apparatus/methods described herein.

[0059] The response generation module 910 generates a response that will be
communicated to the user by the response communication module 912. The response
generated by the response generation module 910 may be a text response. The text
response may be displayed to the user, e.g., on a screen, using the response
communication module 912. Alternatively or in addition, the response
communication module 912 may convert the text response into a speech response
(e.g., in a sound file) that is played to the user. Any appropriate text-to-speech
methods may be used to accomplish this. Generally, the response generation module
910 and the response communication module 912 may work together to generate and

communicate a response to the user.

[0060] One purpose of the response generation module 910 and the response
communication module 912 may be to notify the user what command has been
understood by the control system. Similarly, these modules can be used to notify the
user regarding any action that the optically switchable device is taking in response to
the user’s command. In one example, the response generation module 910 may
generate a response that repeats the basic command given by the user (e.g., “window
1 to tint 4” or “tint window 1 to tint 4 when it becomes sunny”). The response may
then be communicated to the user via the response communication module 912. The

response generation module 910 and response communication module 912 may also
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be used to ask for clarification from the user. For instance, if it is unclear whether the
user wants to change window 1 or window 2, the response generation module 910

may be used to prompt the user for clarification/further information.

[0061] Figure 2A illustrates a flowchart for a method 1000 of controlling one or more
optically switchable devices (e.g., electrochromic windows) using voice control. The
method 1000 begins at operation 1001, when a user provides a voice command. The
voice command may be given in a variety of ways depending on the configuration of
the voice control system and the robustness of the voice control processing, for
instance. The voice control system includes at least one microphone configured and
positioned to receive voice commands. The microphone may be located on an
optically switchable device, on a wall device (as discussed above, a wall device may
be positioned on a wall or at another location in a room such as a table, countertop,
etc.), or on another electronic device such as a smartphone, tablet, laptop, PC, etc.

One example command includes “turn window 1 to tint 4.”

[0062] Next, at operation 1003 it is determined whether listening mode is on. When
listening mode is on, the microphone is able to listen for/record voice commands from
a user. When listening mode is off, the microphone is off or otherwise not accepting
voice commands related to the optically switchable devices. One example where the
microphone can remain “on” while listening mode is “off” is when the microphone is
located in a user’s cell phone and the user is making an unrelated call on their cell
phone. The determination in operation 1003 may be made passively. If listening
mode is not on, the microphone will not pick up/record the voice command that was
made in operation 1001, and nothing will happen, as indicated at operation 1004. As
described above, in certain embodiments a user may optionally activate listening
mode manually, as indicated at operation 1002. Where this is the case, the method
may continue at operation 1001 where the user repeats the command. If listening
mode is on at operation 1003, the method continues with operation 1005, where the
voice command is converted/transcribed into a text command. The voice-to-text

conversion may be done by the voice recognition module 902 from Figure 1.

[0063] In certain implementations, the voice-to-text conversion may be influenced by
one or more dictionaries as described above. For example, words or phrases that

sound similar to words or phrases stored in the relevant dictionary may be converted
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to the words/phrases stored in the dictionary, even if not exactly the same. In a
particular example, a user gives the command to “switch window 1 to tint 4,” but the
voice recognition module initially interprets the command as “switch window 1 to tint
floor.” If the relevant dictionary or dictionaries associated with the voice recognition
module defines phrases such as “window 1,” “window 2,” “tint 1,” “tint 2,” “tint 3,”
and “tint 4,” but does not include any phrases with the word “floor,” the voice
recognition module may recognize that the user likely said “tint 4” rather than the
initially understood “tint floor,” which has no relevant meaning in the associated
dictionary or dictionaries. In other words, the results of the text-to-speech operation

may be limited or otherwise influenced by the relevant dictionaries being used.

[0064] Next, at operation 1007, the text command is interpreted. This interpretation
may be done by the command processing module 904 of Figure 1. Like the voice-to-
text conversion discussed in relation to operation 1005, the interpretation of the text
command in operation 1007 may be influenced by the dictionary or dictionaries being
used. This operation may involve specifically identifying which optically switchable
device or devices the user is requesting to change, and identifying the particular
requested change. For instance, if the command provided by the user is “switch
window 1 to tint 4,” the interpretation may involve determining (1) that the user is
requesting a change for window 1, and (2) that the requested change relates to

switching the window to tint state 4.

[0065] The text command interpretation at operation 1007 (as well as the voice-to-
text conversion at operation 1005) may be influenced by user preferences and/or user
permissions. For instance, if a user makes a voice command to “make the windows
darker,” the system may interpret which windows are desired to be switched based on
which windows the user typically switches and/or based on which windows the user is

allowed to switch.

[0066] At operation 1009, it is determined whether the user is authorized to make the
requested command. The authorization may be initiated/verified in a number of ways
as described above. The authorization may be done by the authentication module 906
described in Figure 1. If the user is not authorized to make the requested command,
the method ends at operation 1010 where either (1) nothing happens, or (2) a response

is generated to notify the user that they are unauthorized to make the command. The
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response may be provided visually (e.g., through a visual display on an optically
switchable window, a wall device, or other electronic device) and/or aurally (e.g., by
playing a sound file via speakers on an optically switchable device, wall device, or
other electronic device). Further details related to response generation are provided

below.

[0067] If the user is authorized to make the requested command, the method
continues at operation 1011, where the text command is executed. The command
may be executed using any of the methods and systems described herein. The
command may be executed using the command execution module 908 of Figure 1. In
various cases, the command may be executed over a network on which the optically
switchable device is installed, and may involve one or more window controllers,
network controllers, and/or master controllers. Generally speaking, operation 1011

involves carrying out the command requested by the user in operation 1001.

[0068] At operation 1013, a response to the user is generated. The response may be
generated by the response generation module 910 of Figure 1. The response may
confirm that the requested command is taking place. The response may specifically
indicate the content of the command such that the user knows whether she was
understood correctly. One example response may be “switching window 1 to tint 4.”
A simpler positive response such as “ok,” or a green light and/or a tone may let the
user know she was heard, without specifically repeating the content of the command
(e.g., using the response generation module 910 and/or the response communication
module 912). In a particular example, the response may include a request that the
user confirm that the system has correctly understood the desired command. In such a
case, the command may not be executed until such confirmation is received from the

user.

[0069] At operation 1015, the response is communicated to the user. The response
may be communicated to the user by the response communication module 912 of
Figure 1. The response may be presented to the user visually (e.g., on a display)
and/or aurally (e.g., via speakers). The display and/or speakers may be provided on
an optically switchable device, a wall device, or other electronic device (e.g.,
smartphone, tablet, laptop, PC, etc.). The display and/or speakers may be provided in

the same unit as the microphone, or they may be provided in separate units. In certain
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cases where an aural response is provided, the response generation may involve
generating the desired text of the response (e.g., using the response generation module
910), and then generating and playing a sound file that corresponds to the desired text
(e.g., using response communication module 912). The method 1000 may be
practiced in a variety of ways. In some embodiments, certain operations occur out-of-

order from what is shown in Figure 2A.

[0070] In certain implementations, the voice control method may involve using two
or more dictionaries, as described above. Figure 2B illustrates a flowchart for a
method 1020 of controlling one or more optically switchable devices using two or
more voice-control-related dictionaries. The method 1020 of Figure 2B is similar to
the method 1000 of Figure 2A, except that the command is interpreted in a piecemeal
fashion, with different dictionaries applying to different portions of the command.
Many of the operations illustrated in Figure 2B are the same as those presented in

Figure 2A, and for the sake of brevity the description will not be repeated.

[0071] For method 1020, after it is determined that the listening mode is on in
operation 1003, part 1 of the voice command is converted to part 1 of the text
command using a first dictionary. The particular dictionary that is used may
correspond to the part of the text that is being interpreted. Next, it is determined
whether there are additional parts of the voice command to interpret/convert to text.
If there are additional parts of the voice command to interpret, the method continues
at operation 1027, where the dictionary is optionally switched to another dictionary.
The next dictionary that is chosen may correspond to the next part of the command
that is to be interpreted. The method then continues back at operation 1025, where
part 2 of the voice command is converted to part 2 of the text command, optionally
using a different dictionary than was used in connection with part 1 of the command.
The loop of operations 1025/1026/1027 continues until all of the parts of the

command have been converted to text using the appropriate dictionaries.

[0072] In one example, the full voice command is “switch window 1 to tint 4.” One
part of the voice command (e.g., part 1) may relate to identifying which optically
switchable devices the user desires to switch, in this case “window 1.” Another part
of the voice command (e.g., part 2) may relate to identifying what the desired

command/ending optical state is, in this case switching to “tint 4.” The different parts
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of the command may be structured as desired for a particular system. More structured
commands may be easier to process/interpret, which may make local processing a
more attractive option. Less structured commands may be harder to process/interpret,

which may make remote processing a more attractive option.

[0073] After all parts of the voice command have been converted to text, the different
parts of the text command are joined together to define the full text command, and the
method continues at operation 1007. The remaining portions of the method are the

same as those described in relation to Figure 2A.

[0074] In a similar embodiment, the text command interpretation may be done in a
piecemeal fashion (rather than the voice command to text command conversion being
done in a piecemeal fashion). With reference to Figure 2A, the text command
interpretation in operation 1007 may be done iteratively as described in relation to
operations 1025/1026/1027 of Figure 2B, optionally with different dictionaries
applied to different parts of the text command.

[0075] In another similar embodiment, both the voice command to text command
conversion in operation 1005 and the text command interpretation in operation 1007
may be done in a piecemeal fashion as described in relation to operations

1025/1026/1027 of Figure 2B.

[0076] Furthermore, the authentication described in relation to operation 1009 may be
determined in piecemeal fashion. For instance, a first authentication check may
determine whether the user is allowed to make any changes. A second authentication
check may determine whether the user is allowed to switch the particular optically
switchable device(s) that she is requesting to switch. A third authentication check
may determine whether the user is allowed to make the particular change that was
requested (e.g., to prevent the user from requesting a tint state that will damage the
device, or to check whether there are any overriding rules governing the tint states of
the optically switchable device(s) that would prevent the requested change from
taking effect, even if the user is allowed some control over the relevant optically
switchable device(s)). The authentications may all be done at the same time, or at
different times. Depending upon a particular user’s access authority, different

dictionaries may be used for that user, versus other users.
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[0077] Figure 2C depicts a flowchart similar to the one shown in Figure 2A, in the
context of a specific example where a user in an office building requests the control
system to switch the windows in the user’s office to a particular tint state. The
method 1030 begins at operation 1031, where the user requests, by voice, to “switch
my windows to tint 4. If listening mode is not on, the system will take no action in
response to the user’s request, as indicated at operation 1034. In some cases, the user
may optionally activate listening mode manually, as indicated in operation 1032.
Where this is the case, the method may continue with operation 1031 where the user
repeats the command. When listening mode is on at operation 1033, the method
continues at operation 1035 where the voice command is converted to a text
command. As mentioned above, this may be performed by the voice recognition
module 902 of Figure 1. At this point, the control system may have an audio
recording of the voice command given by the user, as well as a text file that indicates

the content of the voice command.

[0078] Next, at operation 1037, the text command is interpreted. This may be done
by the command processing module 904 from Figure 1. This operation may involve
identifying which windows are to be changed. In this example, the user requested to
change “my windows.” The control system may identify which windows to change
by analyzing who is giving the command, which windows that user is authorized to
change, which windows that user frequently changes, which windows are associated
with the user in a database, which windows the user is near when she makes the
command, etc. Identification of the user may be done in a number of ways as
described above with respect to authorization. In this particular example, the control
system uses voice recognition to identify the user, and identifies which windows to
change by utilizing a database that associates each employee with the windows that
are in each employee’s office. At the end of operation 1037, the control system has

identified that the user wishes to switch all the windows in the user’s office to tint 4.

[0079] At operation 1039, it is determined whether the user is authorized to make the
command. This may be done by the authentication module 906 of Figure 1. In this
case, the authorization process involves voice recognition. The system may analyze
the recorded voice command given by the user in operation 1031 and compare it
against prior recordings from this user and other users. This process allows the

system to identify who made the command in operation 1031. The authorization
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process may also involve ensuring that the identified user is allowed to change the
windows that she has requested to change. In this example, the control system checks
whether the user is authorized to change the windows in her office by utilizing a
database that associates each user with each window that the user is authorized to
change. The user in this example works on floor 10, and is authorized to switch all
the windows on floor 10. Therefore, the method continues with operation 1041,
where the command is executed (e.g., via the command execution module 908 of
Figure 1), and all the windows in the user’s office begin to switch to tint 4. In a case
where the user makes an unauthorized command (e.g., the user is visiting a colleague
on floor 9 and requests that the windows in the colleague’s office go to tint 4, when
the user is only authorized to switch windows on floor 10, where the user’s office is
located), the method may continue with operation 1040, where either nothing happens
or the command system indicates that the user is not authorized to make the requested
command. The system may or may not explain why the user is unauthorized to make
the requested command, and/or may explain which windows, if any, the user is

authorized to change.

[0080] At operation 1043, the control system generates a response indicating that “the
windows in your office are darkening to tint 4.” This may be done by the response
generation module 910 of Figure 1. The response may indicate which windows are
going to be affected, as well as the particular action they will take (e.g., darkening,
lightening, the final requested tint state, etc.). In this example, operation 1043
involves generating a text file indicating what the response will be. Next, at operation
1045, the response is communicated to the user. This may be done by the response
communication module 912 of Figure 1. The response may be communicated
visually or aurally in various cases. In one example, this operation may involve
generating a sound file that corresponds to the response in the text file for the
response. The sound file may then be played to the user so that she knows her
command has been heard, and that the system is acting on her request. Alternatively
or in addition, the text file (or another file generated based on the text file) may be

displayed to the user so that she can visually appreciate that her command has been
heard.

[0081] In cases where gesture command is used in place of voice command, a camera

may be used instead of (or in addition to) a microphone in order to perceive and
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record the user’s command. Instead of a voice recognition module such as module

902 of Figure 1, a gesture recognition module may be used.

Arrangement of Components and Division of Processing Steps

[0082] Figure 3A illustrates a user interacting with a device 1105 for controlling the
optical state of electrochromic windows 1100a-1100d. In this example, the device
1105 is a wall device as described above. In one example, the wall device is or
includes a smart device such as an electronic tablet or similar device. Device 1105
may be any number of different electronic devices configured to control the
electrochromic windows 1100a-1100d, including but not limited to a smartphone,
tablet, laptop, PC, etc. The device 1105 may run an application/program that is
configured to control the electrochromic windows. In certain embodiments, the
device 1105 may communicate with access point 1110, for example through a wired
connection or a wireless connection (e.g., WiFi, Bluetooth, Bluetooth low energy,
ZigBee, WiMax, etc.). The access point 1110 may be a networking hardware device
that allows a Wi-Fi compliant device to connect to a wired network. The device 1105
may communicate with a controller (e.g., a window controller, network controller,
and/or master controller) through a number of different connection schemes, some of

which are illustrated in Figures 3B-3E.

[0083] In Figure 3B, the device 1105 is connected to access point 1110, which is
connected to switch 1115. Switch 1115 is connected to both router 1120 and
controller 1125. The connections between the different elements may be wired or
wireless, as appropriate for a particular application. In one example, access point
1110 1s a wireless access point, and the connection between the access point 1110 and
the device 1105 is wireless. As mentioned, the device 1105 may be any number of
electronic devices configured to control the electrochromic windows. The router
1120 may include firewall protection to enhance security. The controller 1125 may
be a window controller, network controller, or master controller. If the controller
1125 is not a window controller, the controller 1125 may relay instructions to relevant

window controllers over the network, for example as described in relation to Figure 6.

[0084] In Figure 3C, the device 1105 is connected to access point 1110, which is
connected to controller 1125. Each of these connections may be wired or wireless. In

Figure 3D, the device 1105 is directly connected to the controller 1125. This
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connection may be wired or wireless. In Figure 3E, device 1105 is connected to the
cloud 1130 (e.g., the Internet). The cloud 1130 is also connected with router 1120,
which is connected to switch 1115, which is connected to controller 1125. The
connections may be wired or wireless, as appropriate for a particular application. In a
particular example, the device 1105 is a smartphone, which connects wirelessly (e.g.,

via 3G, 4G, etc.) with the cloud 1130.

[0085] Figures 3B-3E show some of the possible arrangements for allowing a device
1105 to communicate with a controller 1125 to cause the controller 1125 to effect
change on the relevant electrochromic windows. Certain arrangements may be
preferable for certain situations. For example, different arrangements may be
preferred depending on the intensity of the different processing steps, any hardware
limitations for different components, a desired level of privacy, and other concerns.
For example, if the device 1105 and controller 1125 (as well as related components on
the network) have limited processing power, it may be desirable to perform much of
the processing in the cloud 1130, and the arrangement in Figure 3E may be
particularly beneficial. By contrast, if privacy is a top concern and it is desired to
perform everything in-house (e.g., within a firewalled network), the arrangements in
Figures 3B-3D (especially 3D where the device 1105 directly connects to the
controller 1125) may be relatively more beneficial. Relatedly, the arrangements
shown in Figures 3B-3D may be particularly useful in cases where no external

internet connection is available.

[0086] Generally, the different processing steps may each independently occur on any
device with sufficient processing power and connectivity to perform the relevant
processing step. For example, one or more processors may be provided on each
window controller, network controller, master controller, wall device (or related
electronic device), and/or at a remote processing location (on the cloud, at a remote
processing location maintained by a manufacturer/vendor/customer, etc.). In various
cases the processors may be distributed among different components. In some other
cases, the processors may be more centrally located (e.g., all within a wall device, or
window controller, or network controller, or master controller). A few examples will

be provided.

[0087] In one example, device 1105 is connected with controller 1125 as shown in
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any of Figures 3B-3D. The device 1105 is provided with a relatively high degree of
processing capability in this example. Device 1105 accepts voice commands
regarding one or more electrochromic windows associated with controller 1125. For
the purposes of this example, controller 1125 is a master controller, though in other
examples it may be a network controller or window controller. With respect to the
method 1000 shown in Figure 2A, operation 1001 (user gives voice command) may
occur at the device 1105. The device 1105 may record the voice command for
analysis. Operation 1003 (determining if listening mode is on) similarly occurs at the
device 1105, though this determination may be made passively. Operation 1005
(voice command converted to text command) may also happen on the device 1105,
assuming the device 1105 is provided with sufficient processing capability. Similarly,
operation 1007 (text command interpreted) may happen on the device 1105 if the
device 1105 has sufficient processing capability. Operation 1009 (authorization) may
occur on the controller 1125, which may store or otherwise access information related
to different users and the permissions related to each user. Operation 1011 (text
command executed) may also occur on controller 1125 (as well as related controllers
and associated electrochromic windows), which causes the relevant electrochromic
windows to change as directed in operation 1001. Operation 1013 (response to user
generated) may occur on the device 1105 assuming the device 1105 has sufficient
processing power. Operation 1015 (response communicated to user) may occur at the

device 1105 such that the user can perceive the response (e.g., visually or aurally).

[0088] In a related example, the device 1105 may have relatively less processing
capability. Therefore, some of the processing steps may be moved from the device
1105 to the controller 1125. In this case, the controller 1125 may be any controller
(e.g., master controller, network controller, window controller, or a combination
thereof) that has sufficient processing capability. Examples of functions that may
remain at the device 1105 include operation 1001 (user gives voice command), and
operation 1015 (response communicated to user). Examples of functions that may be
switched to the controller 1125 include operation 1005 (voice command converted to
text command), operation 1007 (text command interpreted), and operation 1013
(response to user generated) may be performed on the controller 1125. For instance,
the content of the response to the user may be generated at the controller 1125, and

the response may then be displayed and/or played to the user at the device 1105.

27-



WO 2017/189618 PCT/US2017/029476

10

15

20

25

30

[0089] In another example, the device 1105 communicates with the controller 1125
via the cloud 1130, as shown in Figure 3E. The processing capabilities of the cloud
1130 are essentially unlimited. As such, various processing steps may be performed
in the cloud 1130. With reference to the method 1000 of Figure 2A, examples of
processing steps that may be performed in the cloud 1130 include operation 1005
(voice command converted to text command), operation 1007 (text command
interpreted), operation 1009 (authorization), and operation 1013 (response to user
generated). One or more of these functions may also be performed at the controller
1125. In a particular example, operation 1001 (user gives voice command) occurs at
the device 1105, operation 1003 (determining whether listening mode is on) occurs at
the device 1105, operation 1005 (voice command converted to text command) occurs
on the cloud 1130, operation 1007 (text command interpreted) occurs on the cloud
1130, operation 1009 (authorization) occurs on the controller 1125, operation 1011
(text command executed) occurs on the controller 1125 and the associated
electrochromic windows, operation 1013 (generating response to user) occurs on the
controller 1125 and/or cloud 1130 (either or both of which may be used to generate
the content of the response), and operation 1015 occurs on the device 1105 (which

displays and/or plays the response to the user).

Example Electrochromic Window Architecture

[0090] Figure 4 shows a cross-sectional side view of an example electrochromic
window 100 in accordance with some implementations. An electrochromic window
is one type of optically switchable window that includes an electrochromic device
(ECD) used to provide tinting or coloring. The example electrochromic window 100
can be manufactured, configured or otherwise provided as an insulated glass unit
(IGU) and will hereinafter also be referred to as IGU 100. This convention is
generally used, for example, because it is common and because it can be desirable to
have IGUs serve as the fundamental constructs for holding electrochromic panes (also
referred to as “lites”) when provided for installation in a building. An IGU lite or
pane may be a single substrate or a multi-substrate construct, such as a laminate of
two substrates. IGUs, especially those having double- or triple-pane configurations,
can provide a number of advantages over single pane configurations; for example,
multi-pane configurations can provide enhanced thermal insulation, noise insulation,
environmental protection and/or durability when compared with single-pane

configurations. A multi-pane configuration also can provide increased protection for
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an ECD, for example, because the electrochromic films, as well as associated layers
and conductive interconnects, can be formed on an interior surface of the multi-pane

IGU and be protected by an inert gas fill in the interior volume, 108, of the IGU.

[0091] Figure 4 more particularly shows an example implementation of an IGU 100
that includes a first pane 104 having a first surface S1 and a second surface S2. In
some implementations, the first surface S1 of the first pane 104 faces an exterior
environment, such as an outdoors or outside environment. The IGU 100 also includes
a second pane 106 having a first surface S3 and a second surface S4. In some
implementations, the second surface S4 of the second pane 106 faces an interior
environment, such as an inside environment of a home, building or vehicle, or a room

or compartment within a home, building or vehicle.

[0092] In some implementations, each of the first and the second panes 104 and 106
are transparent or translucent—at least to light in the visible spectrum. For example,
each of the panes 104 and 106 can be formed of a glass material and especially an
architectural glass or other shatter-resistant glass material such as, for example, a
silicon oxide (SOy) -based glass material. As a more specific example, each of the
first and the second panes 104 and 106 can be a soda-lime glass substrate or float
glass substrate. Such glass substrates can be composed of, for example,
approximately 75% silica (510;) as well as Na,0O, CaO, and several minor additives.
However, each of the first and the second panes 104 and 106 can be formed of any
material having suitable optical, electrical, thermal, and mechanical properties. For
example, other suitable substrates that can be used as one or both of the first and the
second panes 104 and 106 can include other glass materials as well as plastic, semi-
plastic and thermoplastic materials (for example, poly(methyl methacrylate),
polystyrene, polycarbonate, allyl diglycol carbonate, SAN (styrene acrylonitrile
copolymer), poly(4-methyl-1-pentene), polyester, polyamide), or mirror materials. In
some implementations, each of the first and the second panes 104 and 106 can be

strengthened, for example, by tempering, heating, or chemically strengthening.

[0093] Generally, each of the first and the second panes 104 and 106, as well as the
IGU 100 as a whole, is rectangular. However, in some other implementations other
shapes are possible and may be desired (for example, circular, elliptical, triangular,

curvilinear, convex or concave shapes). In some specific implementations, a length
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“L” of each of the first and the second panes 104 and 106 can be in the range of
approximately 20 inches (in.) to approximately 10 feet (ft.), a width “W” of each of
the first and the second panes 104 and 106 can be in the range of approximately 20 in.
to approximately 10 ft., and a thickness “T” of each of the first and the second panes
104 and 106 can be in the range of approximately 0.3 millimeter (mm) to
approximately 10 mm (although other lengths, widths or thicknesses, both smaller and
larger, are possible and may be desirable based on the needs of a particular user,
manager, administrator, builder, architect or owner). In examples where thickness T
of substrate 104 is less than 3 mm, typically the substrate is laminated to an additional
substrate which 1s thicker and thus protects the thin substrate 104. Additionally, while
the IGU 100 includes two panes (104 and 106), in some other implementations, an
IGU can include three or more panes. Furthermore, in some implementations, one or
more of the panes can itself be a laminate structure of two, three, or more layers or

sub-panes.

[0094] The first and second panes 104 and 106 are spaced apart from one another by
a spacer 118, which is typically a frame structure, to form an interior volume 108. In
some implementations, the interior volume is filled with Argon (Ar), although in
some other implementations, the interior volume 108 can be filled with another gas,
such as another noble gas (for example, krypton (Kr) or xenon (Xn)), another (non-
noble) gas, or a mixture of gases (for example, air). Filling the interior volume 108
with a gas such as Ar, Kr, or Xn can reduce conductive heat transfer through the IGU
100 because of the low thermal conductivity of these gases as well as improve
acoustic insulation due to their increased atomic weights. In some other
implementations, the interior volume 108 can be evacuated of air or other gas. Spacer
118 generally determines the height “C” of the interior volume 108; that is, the
spacing between the first and the second panes 104 and 106. In Figure 4, the
thickness of the ECD, sealant 120/122 and bus bars 126/128 is not to scale; these
components are generally very thin but are exaggerated here for ease of illustration
only. In some implementations, the spacing “C” between the first and the second
panes 104 and 106 is in the range of approximately 6 mm to approximately 30 mm.
The width “D” of spacer 118 can be in the range of approximately 5 mm to

approximately 15 mm (although other widths are possible and may be desirable).

[0095] Although not shown in the cross-sectional view, spacer 118 is generally a
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frame structure formed around all sides of the IGU 100 (for example, top, bottom, left
and right sides of the IGU 100). For example, spacer 118 can be formed of a foam or
plastic material. However, in some other implementations, spacers can be formed of
metal or other conductive material, for example, a metal tube or channel structure
having at least 3 sides, two sides for sealing to each of the substrates and one side to
support and separate the lites and as a surface on which to apply a sealant, 124. A
first primary seal 120 adheres and hermetically seals spacer 118 and the second
surface S2 of the first pane 104. A second primary seal 122 adheres and hermetically
seals spacer 118 and the first surface S3 of the second pane 106. In some
implementations, each of the primary seals 120 and 122 can be formed of an adhesive
sealant such as, for example, polyisobutylene (PIB). In some implementations, IGU
100 further includes secondary seal 124 that hermetically seals a border around the
entire IGU 100 outside of spacer 118. To this end, spacer 118 can be inset from the
edges of the first and the second panes 104 and 106 by a distance “E.” The distance
“E” can be in the range of approximately 4 mm to approximately 8 mm (although
other distances are possible and may be desirable). In some implementations,
secondary seal 124 can be formed of an adhesive sealant such as, for example, a
polymeric material that resists water and that adds structural support to the assembly,
such as silicone, polyurethane and similar structural sealants that form a water tight

seal.

[0096] In the particular configuration and form factor depicted in Figure 4, the ECD
coating on surface S2 of substrate 104 extends about its entire perimeter to and under
spacer 118. This configuration is functionally desirable as it protects the edge of the
ECD within the primary sealant 120 and aesthetically desirable because within the
inner perimeter of spacer 118 there is a monolithic ECD without any bus bars or
scribe lines. Such configurations are described in more detail in U.S. Patent No.
8,164,818, issued April 24, 2012 and titted ELECTROCHROMIC WINDOW
FABRICATION METHODS (Attorney Docket No. VIEWP006), U.S. Patent
Application No. 13/456,056 filed April 25, 2012 and tittled ELECTROCHROMIC
WINDOW FABRICATION METHODS (Attorney Docket No. VIEWP006X1), PCT
Patent Application No. PCT/US2012/068817 filed December 10, 2012 and titled
THIN-FILM DEVICES AND FABRICATION (Attorney Docket No.
VIEWP036WO), U.S. Patent No. 9,454,053, issued September 27, 2016 and titled

THIN-FILM DEVICES AND FABRICATION (Attorney Docket No.
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VIEWP036US), and PCT Patent Application No. PCT/US2014/073081, filed
December 13, 2014 and titled THIN-FILM DEVICES AND FABRICATION
(Attorney Docket No. VIEWP036X1WO), all of which are hereby incorporated by

reference in their entireties and for all purposes.

[0097] In the implementation shown in Figure 4, an ECD 110 is formed on the second
surface S2 of the first pane 104. In some other implementations, ECD 110 can be
formed on another suitable surface, for example, the first surface S1 of the first pane
104, the first surface S3 of the second pane 106 or the second surface S4 of the second
pane 106. The ECD 110 includes an electrochromic (“EC”) stack 112, which itself
may include one or more layers. For example, the EC stack 112 can include an
electrochromic layer, an ion-conducting layer, and a counter electrode layer. In some
implementations, the electrochromic layer is formed of one or more inorganic solid
materials. The electrochromic layer can include or be formed of one or more of a
number of electrochromic materials, including electrochemically-cathodic or
electrochemically-anodic materials. For example, metal oxides suitable for use as the
electrochromic layer can include tungsten oxide (WO;) and doped formulations
thereof. In some implementations, the electrochromic layer can have a thickness in

the range of approximately 0.05 um to approximately 1 pm.

[0098] In some implementations, the counter electrode layer is formed of an inorganic
solid material. The counter electrode layer can generally include one or more of a
number of materials or material layers that can serve as a reservoir of ions when the
EC device 110 is in, for example, the transparent state. In certain implementations,
the counter electrode not only serves as an ion storage layer but also colors
anodically. For example, suitable materials for the counter electrode layer include
nickel oxide (NiO) and nickel tungsten oxide (NiWO), as well as doped forms
thereof, such as nickel tungsten tantalum oxide, nickel tungsten tin oxide, nickel
vanadium oxide, nickel chromium oxide, nickel aluminum oxide, nickel manganese
oxide, nickel magnesium oxide, nickel tantalum oxide, nickel tin oxide as non-
limiting examples. In some implementations, the counter electrode layer can have a

thickness in the range of approximately 0.05 pm to approximately 1 um.

[0099] The ion-conducting layer serves as a medium through which ions are

transported (for example, in the manner of an electrolyte) when the EC stack 112
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transitions between optical states. In some implementations, the ion-conducting layer
is highly conductive to the relevant ions for the electrochromic and the counter
electrode layers, but also has sufficiently low electron conductivity such that
negligible electron transfer (electrical shorting) occurs during normal operation. A
thin ion-conducting layer with high ionic conductivity enables fast ion conduction and
consequently fast switching for high performance EC devices 110. In some
implementations, the ion-conducting layer can have a thickness in the range of
approximately 1 nm to approximately 500 nm, more generally in the range of about 5
nm to about 100 nm thick. In some implementations, the ion-conducting layer also is
an inorganic solid. For example, the ion-conducting layer can be formed from one or
more silicates, silicon oxides (including silicon-aluminum-oxide), tungsten oxides
(including lithium tungstate), tantalum oxides, niobium oxides, lithium oxide and
borates. These materials also can be doped with different dopants, including lithium;
for example, lithium-doped silicon oxides include lithium silicon-aluminum-oxide,

lithium phosphorous oxynitride (LiPON) and the like.

[00100] In some other implementations, the electrochromic layer and the
counter electrode layer are formed immediately adjacent one another, sometimes in
direct contact, without an ion-conducting layer in between and then an ion conductor
material formed in situ between the electrochromic and counter electrode layers. A
further description of suitable devices is found in U.S. Patent No. 8,764,950, titled
ELECTROCHROMIC DEVICES, by Wang et al , issued July 1, 2014 and U.S. Patent
No. 9,261,751, titled ELECTROCHROMIC DEVICES, by Pradhan et al., issued
February 16, 2016, each of which is hereby incorporated by reference in its entirety
and for all purposes. In some implementations, the EC stack 112 also can include one
or more additional layers such as one or more passive layers. For example, passive
layers can be used to improve certain optical properties, to provide moisture or to
provide scratch resistance. These or other passive layers also can serve to
hermetically seal the EC stack 112. Additionally, various layers, including
conducting layers (such as the first and the second TCO layers 114 and 116 described

below), can be treated with anti-reflective or protective oxide or nitride layers.

[00101] The selection or design of the electrochromic and counter electrode
materials generally governs the possible optical transitions. During operation, in

response to a voltage generated across the thickness of the EC stack 112 (for example,
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between the first and the second TCO layers 114 and 116), the electrochromic layer
transfers or exchanges ions to or from the counter electrode layer to drive the
electrochromic layer to the desired optical state. In some implementations, to cause
the EC stack 112 to transition to a transparent state, a positive voltage is applied
across the EC stack 112 (for example, such that the electrochromic layer is more
positive than the counter electrode layer). In some such implementations, in response
to the application of the positive voltage, the available ions in the stack reside
primarily in the counter electrode layer. When the magnitude of the potential across
the EC stack 112 is reduced or when the polarity of the potential is reversed, ions are
transported back across the ion conducting layer to the electrochromic layer causing
the electrochromic material to transition to an opaque state (or to a “more tinted,”
“darker” or “less transparent” state). Conversely, in some other implementations
using electrochromic layers having different properties, to cause the EC stack 112 to
transition to an opaque state, a negative voltage can be applied to the electrochromic
layer relative to the counter electrode layer. In such implementations, when the
magnitude of the potential across the EC stack 112 is reduced or its polarity reversed,
the ions are transported back across the ion conducting layer to the electrochromic
layer causing the electrochromic material to transition to a clear or “bleached” state

(or to a “less tinted”, “lighter” or “more transparent” state).

[00102] In some implementations, the transfer or exchange of ions to or from
the counter electrode layer also results in an optical transition in the counter electrode
layer. For example, in some implementations the electrochromic and counter
electrode layers are complementary coloring layers. More specifically, in some such
implementations, when or after ions are transferred into the counter electrode layer,
the counter electrode layer becomes more transparent, and similarly, when or after the
ions are transferred out of the electrochromic layer, the electrochromic layer becomes
more transparent. Conversely, when the polarity is switched, or the potential is
reduced, and the ions are transferred from the counter electrode layer into the
electrochromic layer, both the counter electrode layer and the electrochromic layer

become less transparent.

[00103] In one more specific example, responsive to the application of an
appropriate electric potential across a thickness of EC stack 112, the counter electrode

layer transfers all or a portion of the ions it holds to the electrochromic layer causing
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the optical transition in the electrochromic layer. In some such implementations, for
example, when the counter electrode layer is formed from NiWO, the counter
electrode layer also optically transitions with the loss of ions it has transferred to the
electrochromic layer. When charge is removed from a counter electrode layer made
of NiWO (that is, ions are transported from the counter electrode layer to the
electrochromic layer), the counter electrode layer will transition in the opposite

direction.

[00104] Generally, the transition of the electrochromic layer from one optical
state to another optical state can be caused by reversible ion insertion into the
electrochromic material (for example, by way of intercalation) and a corresponding
injection of charge-balancing electrons. In some instances, some fraction of the ions
responsible for the optical transition is irreversibly bound up in the electrochromic
material. Some or all of the irreversibly bound ions are thought to have been used to
compensate for “blind charge” in the material, i.e. sufficient ions are added to
compensate for those that will be irreversibly bound, the fraction that are irreversibly
bound constitute the blind charge. In some implementations, suitable ions include
lithium ions (Li+) and hydrogen ions (H+) (i.e., protons). In some other
implementations, other ions can be suitable. Intercalation of lithium ions, for
example, into tungsten oxide (WOs., (0 <y <~0.3)) causes the tungsten oxide to

change from a transparent state to a blue state.

[00105] The description below generally focuses on tinting transitions. One
example of a tinting transition is a transition from a transparent (or “translucent,”
“bleached” or “least tinted”) state to an opaque (or “fully darkened” or “fully tinted”)
state. Another example of a tinting transition is the reverse—a transition from an
opaque state to a transparent state. Other examples of tinting transitions includes
transitions to and from various intermediate tint states, for example, a transition from
a less tinted, lighter or more transparent state to a more tinted, darker or less
transparent state, and vice versa. Each of such tint states, and the tinting transitions
between them, may be characterized or described in terms of percent transmission.
For example, a tinting transition can be described as being from a current percent
transmission (% T) to a target % T. Conversely, in some other instances, each of the
tint states and the tinting transitions between them may be characterized or described

in terms of percent tinting; for example, a transition from a current percent tinting to a
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target percent tinting.

[00106] However, although the following description generally focuses on tint
states and tinting transitions between tint states, other optical states and optical
transitions also are achievable in various implementations. As such, where
appropriate and unless otherwise indicated, references to tint states or tinting
transitions also are intended to encompass other optical states and optical transitions.
In other words, optical states and optical state transitions also will be referred to
herein as tint states and tint state transitions, respectively, but this is not intended to
limit the optical states and state transitions achievable by the IGUs 302. For example,
such other optical states and state transitions can include states and state transitions
associated with various colors, intensities of color (for example, from lighter blue to
darker blue and vice versa), reflectivity (for example, from less reflective to more
reflective and vice versa), polarization (for example, from less polarization to more
polarization and vice versa), and scattering density (for example, from less scattering
to more scattering and vice versa), among others. Similarly, references to devices,
control algorithms or processes for controlling tint states, including causing tinting
transitions and maintaining tint states, also are intended to encompass such other
optical transitions and optical states. Additionally, controlling the voltage, current or
other electrical characteristics provided to an optically switchable device, and the
functions or operations associated with such controlling, also may be described
hereinafter as “driving” the device or the respective IGU, whether or not the driving

involves a tint state transition or the maintaining of a current tint state.

[00107] The ECD 110 generally includes first and second conducting (or
“conductive”) layers. For example, the ECD 110 can includes a first transparent
conductive oxide (TCO) layer 114 adjacent a first surface of the EC stack 112 and a
second TCO layer 116 adjacent a second surface of the EC stack 112. In some
implementations, the first TCO layer 114 can be formed on the second surface S2, the
EC stack 112 can be formed on the first TCO layer 114, and the second TCO layer
116 can be formed on the EC stack 112. In some implementations, the first and the
second TCO layers 114 and 116 can each be formed of one or more metal oxides
including metal oxides doped with one or more metals. For example, some suitable
metal oxides and doped metal oxides can include indium oxide, indium tin oxide

(ITO), doped indium oxide, tin oxide, doped tin oxide, fluorinated tin oxide, zinc
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oxide, aluminum zinc oxide, doped zinc oxide, ruthenium oxide and doped ruthenium
oxide, among others. While such materials are referred to as TCOs in this document,
the term encompasses non-oxides as well as oxides that are transparent and
electrically conductive such as certain thin film metals and certain non-metallic
materials such as conductive metal nitrides and composite conductors, among other
suitable materials. In some implementations, the first and the second TCO layers 114
and 116 are substantially transparent at least in the range of wavelengths where
electrochromism is exhibited by the EC stack 112. In some implementations, the first
and the second TCO layers 114 and 116 can each be deposited by physical vapor
deposition (PVD) processes including, for example, sputtering. In some
implementations, the first and the second TCO layers 114 and 116 can each have a
thickness in the range of approximately 0.01 microns (um) to approximately 1 pm. A
transparent conductive material typically has an electronic conductivity significantly

greater than that of the electrochromic material or the counter electrode material.

[00108] The first and the second TCO layers 114 and 116 serve to distribute
electrical charge across respective first and second surfaces of the EC stack 112 to
apply an electrical potential (voltage) across the thickness of the EC stack 112. For
example, a first applied voltage can be applied to a first one of the TCO layers and a
second applied voltage can be applied to a second one of the TCO layers. In some
implementations, a first bus bar 126 distributes the first applied voltage to the first
TCO layer 114 and a second bus bar 128 distributes the second applied voltage to the
second TCO layer 116. In some other implementations, one of the first and the
second bus bars 126 and 128 can ground the respective one of the first and the second
TCO layers 114 and 116. In other implementations, the load can be floated with
respect to the two TCOs. In various implementations, to modify one or more optical
properties of the EC stack 112, and thus cause an optical transition, a controller can
alter one or both of the first and second applied voltages to bring about a change in
one or both of the magnitude and the polarity of the effective voltage applied across
the EC stack 112. Desirably, the first and the second TCO layers 114 and 116 serve
to uniformly distribute electrical charge over respective surfaces of the EC stack 112
with relatively little Ohmic potential drop from the outer regions of the respective
surfaces to the inner regions of the surfaces. As such, it is generally desirable to
minimize the sheet resistance of the first and the second TCO layers 114 and 116. In

other words, it is generally desirable that each of the first and the second TCO layers
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114 and 116 behaves as a substantially equipotential layer across all portions of the
respective layer. In this way, the first and the second TCO layers 114 and 116 can
uniformly apply an electric potential across a thickness of the EC stack 112 to effect a

uniform optical transition of the EC stack 112.

[00109] In some implementations, each of the first and the second bus bars 126
and 128 is printed, patterned, or otherwise formed such that it is oriented along a
length of the first pane 104 along at least one border of the EC stack 112. For
example, each of the first and the second bus bars 126 and 128 can be formed by
depositing a conductive ink, such as a silver ink, in the form of a line. In some
implementations, each of the first and the second bus bars 126 and 128 extends along
the entire length (or nearly the entire length) of the first pane 104, and in some

implementations, along more than one edge of the EC stack 112.

[00110] In some implementations, the first TCO layer 114, the EC stack 112
and the second TCO layer 116 do not extend to the edges of the first pane 104. For
example, a laser edge delete (LED) or other operation can be used to remove portions
of the first TCO layer 114, the EC stack 112 and the second TCO layer 116 such that
these layers are separated or inset from the respective edges of the first pane 104 by a
distance “G,” which can be in the range of approximately 8 mm to approximately 10
mm (although other distances are possible and may be desirable). Additionally, in
some implementations, an edge portion of the EC stack 112 and the second TCO layer
116 along one side of the first pane 104 is removed to enable the first bus bar 126 to
be formed on the first TCO layer 114 to enable conductive coupling between the first
bus bar 126 and the first TCO layer 114. The second bus bar 128 is formed on the
second TCO layer 116 to enable conductive coupling between the second bus bar 128
and the second TCO layer 116. In some implementations, the first and the second bus
bars 126 and 128 are formed in a region between spacer 118 and the first pane 104 as
shown in Figure 4. For example, each of the first and the second bus bars 126 and
128 can be inset from an inner edge of spacer 118 by at least a distance “F,” which
can be in the range of approximately 2 mm to approximately 3 mm (although other
distances are possible and may be desirable). This arrangement can be advantageous

for a number of reasons including, for example, to hide the bus bars from view.

[00111] As noted above, the usage of the IGU convention is for convenience
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only. Indeed, in some implementations the basic unit of an electrochromic window
can be defined as a pane or substrate of transparent material, upon which an ECD is
formed or otherwise arranged, and to which associated electrical connections are
coupled (to drive the ECD). As such, references to an IGU in the following
description do not necessarily include all of the components described with reference

to the IGU 100 of Figure 4.

Example Control Profile for Driving Optical Transitions

[00112] Figure 5 illustrates an example control profile 200 in accordance with
some implementations. The control profile 200 can be used to drive a transition in an
optically switchable device, such as the ECD 110 described above. In some
implementations, a window controller can be used to generate and apply the control
profile 200 to drive an ECD from a first optical state (for example, a transparent state
or a first intermediate state) to a second optical state (for example, a fully tinted state
or a more tinted intermediate state). To drive the ECD in the reverse direction—from
a more tinted state to a less tinted state—the window controller can apply a similar
but inverted profile. For example, the control profile for driving the ECD from the
second optical state to the first optical state can be a mirror image of the voltage
control profile depicted in Figure 5. In some other implementations, the control
profiles for tinting and lightening can be asymmetric. For example, transitioning from
a first more tinted state to a second less tinted state can in some instances require
more time than the reverse; that is, transitioning from the second less tinted state to
the first more tinted state. In some other instances, the reverse may be true; that is,
transitioning from the second less tinted state to the first more tinted state can require
more time. In other words, by virtue of the device architecture and materials,
bleaching or lightening is not necessarily simply the reverse of coloring or tinting.
Indeed, ECDs often behave differently for each transition due to differences in driving
forces for ion intercalation and deintercalation to and from the electrochromic

materials.

[00113] In some implementations, the control profile 200 is a voltage control
profile implemented by varying a voltage provided to the ECD. For example, the
solid line in Figure 5 represents an effective voltage Vg applied across the ECD over

the course of a tinting transition and a subsequent maintenance period. In other
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words, the solid line can represent the relative difference in the electrical voltages
Vappr and Va2 applied to the two conducting layers of the ECD (for example, the first
and the second TCO layers 114 and 116 of the ECD 110). The dotted line in Figure 5
represents a corresponding current (/) through the device. In the illustrated example,
the voltage control profile 200 includes four stages: a ramp-to-drive stage 202 that
initiates the transition, a drive stage that continues to drive the transition, a ramp-to-

hold stage, and subsequent hold stage.

[00114] The ramp-to-drive stage 202 is characterized by the application of a
voltage ramp that increases in magnitude from an initial value at time 7y to a
maximum driving value of Vpyy. at time 7;. In some implementations, the ramp-to-
drive stage 202 can be defined by three drive parameters known or set by the window
controller: the initial voltage at 7, (the current voltage across the ECD at the start of
the transition), the magnitude of Vp.e (governing the ending optical state), and the
time duration during which the ramp is applied (dictating the speed of the transition).
Additionally or alternatively, the window controller also can set a target ramp rate, a
maximum ramp rate or a type of ramp (for example, a linear ramp, a second degree
ramp or an n"-degree ramp). In some applications, the ramp rate can be limited to

avoid damaging the ECD.

[00115] The drive stage 204 is characterized by the application of a constant
voltage Vpyve starting at time #; and ending at time 7,, at which point the ending optical
state is reached (or approximately reached). The ramp-to-hold stage 206 is
characterized by the application of a voltage ramp that decreases in magnitude from
the drive value Vpye at time 7, to a minimum holding value of Vi, at time 73 In
some implementations, the ramp-to-hold stage 206 can be defined by three drive
parameters known or set by the window controller: the drive voltage Vp,., the
holding voltage V#04, and the time duration during which the ramp is applied.
Additionally or alternatively, the window controller also can set a ramp rate or a type

of ramp (for example, a linear ramp, a second degree ramp or an n'’-degree ramp).

[00116] The hold stage 208 is characterized by the application of a constant
voltage Vroiq starting at time 7;. The holding voltage V#eq 18 used to maintain the
ECD at the ending optical state. As such, the duration of the application of the

holding voltage }.;s may be concomitant with the duration of time that the ECD is to
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be held in the ending optical state. For example, because of non-idealities associated
with the ECD, a leakage current /7., can result in the slow drainage of electrical
charge from the ECD. Such a drainage of electrical charge can result in a
corresponding reversal of ions across the ECD, and consequently, a slow reversal of
the optical transition. In such applications, the holding voltage V 'z can be
continuously applied to counter or prevent the leakage current. In some other
implementations, the holding voltage Vx,:s can be applied periodically to “refresh” the
desired optical state, or in other words, to bring the ECD back to the desired optical

state.

[00117] The voltage control profile 200 illustrated and described with reference
to Figure 5 is only one example of a voltage control profile suitable for some
implementations. However, many other profiles may be desirable or suitable in such
implementations or in various other implementations or applications. These other
profiles also can readily be achieved using the controllers and optically switchable
devices disclosed herein. For example, in some implementations, a current profile
can be applied instead of a voltage profile. In some such instances, a current control
profile similar to that of the current density shown in Figure 5 can be applied. In
some other implementations, a control profile can have more than four stages. For
example, a voltage control profile can include one or more overdrive stages. In one
example implementation, the voltage ramp applied during the first stage 202 can
increase in magnitude beyond the drive voltage Vp,,. to an overdrive voltage Vopp. In
some such implementations, the first stage 202 can be followed by a ramp stage 203
during which the applied voltage decreases from the overdrive voltage }Vop to the
drive voltage Vprive. In some other such implementations, the overdrive voltage Vop
can be applied for a relatively short time duration before the ramp back down to the

drive voltage Vpyive.

[00118] Additionally, in some implementations, the applied voltage or current
profiles can be interrupted for relatively short durations of time to provide open
circuit conditions across the device. While such open circuit conditions are in effect,
an actual voltage or other electrical characteristics can be measured, detected or
otherwise determined to monitor how far along an optical transition has progressed,
and in some instances, to determine whether changes in the profile are desirable.

Such open circuit conditions also can be provided during a hold stage to determine
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whether a holding voltage Vs should be applied or whether a magnitude of the
holding voltage V.2 should be changed. Additional information related to driving
and monitoring an optical transition is provided in PCT Patent Application No.
PCT/US14/43514 filed June 20, 2014 and titled CONTROLLING TRANSITIONS IN
OPTICALLY SWITCHABLE DEVICES, which is hereby incorporated by reference

in its entirety and for all purposes.

Example Controller Network Architecture

[00119] In many instances, optically switchable windows can form or occupy
substantial portions of a building envelope. For example, the optically switchable
windows can form substantial portions of the walls, facades and even roofs of a
corporate office building, other commercial building or a residential building. In
various implementations, a distributed network of controllers can be used to control
the optically switchable windows. Figure 6 shows a block diagram of an example
network system, 300, operable to control a plurality of IGUs 302 in accordance with
some implementations. For example, each of the IGUs 302 can be the same or similar
to the IGU 100 described above with reference to Figure 4. One primary function of
the network system 300 is controlling the optical states of the ECDs (or other
optically switchable devices) within the IGUs 302. In some implementations, one or
more of the windows 302 can be multi-zoned windows, for example, where each
window includes two or more independently controllable ECDs or zones. In various
implementations, the network system 300 is operable to control the electrical
characteristics of the power signals provided to the IGUs 302. For example, the
network system 300 can generate and communicate tinting instructions (also referred
to herein as “tint commands”) to control voltages applied to the ECDs within the

IGUs 302.

[00120] In some implementations, another function of the network system 300
is to acquire status information from the IGUs 302 (hereinafter “information” is used
interchangeably with “data™). For example, the status information for a given IGU
can include an identification of, or information about, a current tint state of the
ECD(s) within the IGU. The network system 300 also can be operable to acquire data
from various sensors, such as temperature sensors, photosensors (also referred to
herein as light sensors), humidity sensors, air flow sensors, or occupancy sensors,

whether integrated on or within the IGUs 302 or located at various other positions in,
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on or around the building.

[00121] The network system 300 can include any suitable number of
distributed controllers having various capabilities or functions. In some
implementations, the functions and arrangements of the various controllers are
defined hierarchically. For example, the network system 300 includes a plurality of
distributed window controllers (WCs) 304, a plurality of network controllers (NCs)
306, and a master controller (MC) 308. In some implementations, the MC 308 can
communicate with and control tens or hundreds of NCs 306. In various
implementations, the MC 308 issues high level instructions to the NCs 306 over one
or more wired or wireless links 316 (hereinafter collectively referred to as “link 3167).
The instructions can include, for example, tint commands for causing transitions in
the optical states of the IGUs 302 controlled by the respective NCs 306. Each NC
306 can, in turn, communicate with and control a number of WCs 304 over one or
more wired or wireless links 314 (hereinafter collectively referred to as “link 314”).
For example, each NC 306 can control tens or hundreds of the WCs 304. Each WC
304 can, in turn, communicate with, drive or otherwise control one or more respective
IGUs 302 over one or more wired or wireless links 312 (hereinafter collectively

referred to as “link 3127).

[00122] The MC 308 can issue communications including tint commands,
status request commands, data (for example, sensor data) request commands or other
instructions. In some implementations, the MC 308 can issue such communications
periodically, at certain predefined times of day (which may change based on the day
of week or year), or based on the detection of particular events, conditions or
combinations of events or conditions (for example, as determined by acquired sensor
data or based on the receipt of a request initiated by a user or by an application or a
combination of such sensor data and such a request). In some implementations, when
the MC 308 determines to cause a tint state change in a set of one or more IGUs 302,
the MC 308 generates or selects a tint value corresponding to the desired tint state. In
some implementations, the set of IGUs 302 is associated with a first protocol
identifier (ID) (for example, a BACnet ID). The MC 308 then generates and transmits
a communication—referred to herein as a “primary tint command”— including the
tint value and the first protocol ID over the link 316 via a first communication

protocol (for example, a BACnet compatible protocol). In some implementations, the
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MC 308 addresses the primary tint command to the particular NC 306 that controls
the particular one or more WCs 304 that, in turn, control the set of IGUs 302 to be

transitioned.

[00123] The NC 306 receives the primary tint command including the tint
value and the first protocol ID and maps the first protocol ID to one or more second
protocol IDs. In some implementations, each of the second protocol IDs identifies a
corresponding one of the WCs 304. The NC 306 subsequently transmits a secondary
tint command including the tint value to each of the identified WCs 304 over the link
314 via a second communication protocol. In some implementations, each of the
WCs 304 that receives the secondary tint command then selects a voltage or current
profile from an internal memory based on the tint value to drive its respectively
connected IGUs 302 to a tint state consistent with the tint value. Each of the WCs
304 then generates and provides voltage or current signals over the link 312 to its

respectively connected IGUs 302 to apply the voltage or current profile.

[00124] In some implementations, the various IGUs 302 can be advantageously
grouped into zones of EC windows, each of which zones includes a subset of the
IGUs 302. In some implementations, each zone of IGUs 302 is controlled by one or
more respective NCs 306 and one or more respective WCs 304 controlled by these
NCs 306. In some more specific implementations, each zone can be controlled by a
single NC 306 and two or more WCs 304 controlled by the single NC 306. Said
another way, a zone can represent a logical grouping of the IGUs 302. For example,
each zone may correspond to a set of IGUs 302 in a specific location or area of the
building that are driven together based on their location. As a more specific example,
consider a building having four faces or sides: a North face, a South face, an East
Face and a West Face. Consider also that the building has ten floors. In such a
didactic example, each zone can correspond to the set of electrochromic windows 100
on a particular floor and on a particular one of the four faces. Additionally or
alternatively, each zone may correspond to a set of IGUs 302 that share one or more
physical characteristics (for example, device parameters such as size or age). In some
other implementations, a zone of IGUs 302 can be grouped based on one or more non-
physical characteristics such as, for example, a security designation or a business
hierarchy (for example, IGUs 302 bounding managers’ offices can be grouped in one

or more zones while IGUs 302 bounding non-managers’ offices can be grouped in
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one or more different zones).

[00125] In some such implementations, each NC 306 can address all of the
IGUs 302 in each of one or more respective zones. For example, the MC 308 can
issue a primary tint command to the NC 306 that controls a target zone. The primary
tint command can include an abstract identification of the target zone (hereinafter also
referred to as a “zone ID”). In some such implementations, the zone ID can be a first
protocol ID such as that just described in the example above. In such cases, the NC
306 receives the primary tint command including the tint value and the zone ID and
maps the zone ID to the second protocol IDs associated with the WCs 304 within the
zone. In some other implementations, the zone ID can be a higher level abstraction
than the first protocol IDs. In such cases, the NC 306 can first map the zone ID to one
or more first protocol IDs, and subsequently map the first protocol IDs to the second

protocol IDs.

User or Third Party Interaction with Network
[00126] In some implementations, the MC 308 is coupled to one or more
outward-facing networks, 310, (hereinafter collectively referred to as “the outward-
facing network 3107) via one or more wired or wireless links 318 (hereinafter “link
3187). In some such implementations, the MC 308 can communicate acquired status
information or sensor data to remote computers, mobile devices, servers, databases in
or accessible by the outward-facing network 310. In some implementations, various
applications, including third party applications or cloud-based applications, executing
within such remote devices can access data from or provide data to the MC 308. In
some implementations, authorized users or applications can communicate requests to
modify the tint states of various IGUs 302 to the MC 308 via the network 310. In
some implementations, the MC 308 can first determine whether to grant the request
(for example, based on power considerations or based on whether the user has the
appropriate authorization) prior to issuing a tint command. The MC 308 can then
calculate, determine, select or otherwise generate a tint value and transmit the tint
value in a primary tint command to cause the tint state transitions in the associated

IGUs 302.

[00127] For example, a user can submit such a request from a computing

device, such as a desktop computer, laptop computer, tablet computer or mobile
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device (for example, a smartphone). In some such implementations, the user’s
computing device can execute a client-side application that is capable of
communicating with the MC 308, and in some instances, with a master controller
application executing within the MC 308. In some other implementations, the client-
side application can communicate with a separate application, in the same or a
different physical device or system as the MC 308, which then communicates with the
master controller application to effect the desired tint state modifications. In some
implementations, the master controller application or other separate application can be
used to authenticate the user to authorize requests submitted by the user. In some
implementations, the user can select the IGUs 302 to be tinted, and inform the MC

308 of the selections, by entering a room number via the client-side application.

[00128] Additionally or alternatively, in some implementations, a user’s mobile
device or other computing device can communicate wirelessly with various WCs 304,
For example, a client-side application executing within a user’s mobile device can
transmit wireless communications including tint state control signals to a WC 304 to
control the tint states of the respective IGUs 302 connected to the WC 304. For
example, the user can use the client-side application to maintain or modify the tint
states of the IGUs 302 adjoining a room occupied by the user (or to be occupied by
the user or others at a future time). Such wireless communications can be generated,

formatted or transmitted using various wireless network topologies and protocolsWC.

[00129] In some such implementations, the control signals sent to the
respective WC 304 from the user’s mobile device (or other computing device) can
override a tint value previously received by the WC 304 from the respective NC 306.
In other words, the WC 304 can provide the applied voltages to the IGUs 302 based
on the control signals from the user’s computing device rather than based on the tint
value. For example, a control algorithm or rule set stored in and executed by the WC
304 can dictate that one or more control signals from an authorized user’s computing
device take precedence over a tint value received from the NC 306. In some other
instances, such as in high demand cases, control signals such as a tint value from the
NC 306 may take precedence over any control signals received by the WC 304 from a
user’s computing device. In some other instances, a control algorithm or rule set may
dictate that tint overrides from only certain users or groups or classes of users may

take precedence based on permissions granted to such users, as well as in some
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instances, other factors including time of day or the location of the IGUs 302.

[00130] In some implementations, based on the receipt of a control signal from
an authorized user’s computing device, the MC 308 can use information about a
combination of known parameters to calculate, determine, select or otherwise
generate a tint value that provides lighting conditions desirable for a typical user,
while in some instances also using power efficiently. In some other implementations,
the MC 308 can determine the tint value based on preset preferences defined by or for
the particular user that requested the tint state change via the computing device. For
example, the user may be required to enter a password or otherwise login or obtain
authorization to request a tint state change. In such instances, the MC 308 can
determine the identity of the user based on a password, a security token or based on
an identifier of the particular mobile device or other computing device. After
determining the user’s identity, the MC 308 can then retrieve preset preferences for
the user, and use the preset preferences alone or in combination with other parameters
(such as power considerations or information from various sensors) to generate and

transmit a tint value for use in tinting the respective IGUs 302.

Wall Devices
[00131] In some implementations, the network system 300 also can include
wall switches, dimmers or other tint-state-controlling devices. A wall switch
generally refers to an electromechanical interface connected to a WC. The wall switch
can convey a tint command to the WC, which can then convey the tint command to
the NC. Such devices also are hereinafter collectively referred to as “wall devices,”
although such devices need not be limited to wall-mounted implementations (for
example, such devices also can be located on a ceiling or floor, or integrated on or
within a desk or a conference table). For example, some or all of the offices,
conference rooms or other rooms of the building can include such a wall device for
use in controlling the tint states of the adjoining IGUs 302. For example, the IGUs
302 adjoining a particular room can be grouped into a zone. Each of the wall devices
can be operated by an end user (for example, an occupant of the respective room) to
control the tint state or other functions or parameters of the IGUs 302 that adjoin the
room. For example, at certain times of the day, the adjoining IGUs 302 may be tinted
to a dark state to reduce the amount of light energy entering the room from the outside

(for example, to reduce AC cooling requirements). Now suppose that a user desires to
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use the room. In various implementations, the user can operate the wall device to
communicate control signals to cause a tint state transition from the dark state to a

lighter tint state.

[00132] In some implementations, each wall device can include one or more
switches, buttons, dimmers, dials or other physical user interface controls enabling the
user to select a particular tint state or to increase or decrease a current tinting level of
the IGUs 302 adjoining the room. Additionally or alternatively, the wall device can
include a display having a touchscreen interface enabling the user to select a
particular tint state (for example, by selecting a virtual button, selecting from a
dropdown menu or by entering a tint level or tinting percentage) or to modify the tint
state (for example, by selecting a “darken” virtual button, a “lighten” virtual button, or
by turning a virtual dial or sliding a virtual bar). In some other implementations, the
wall device can include a docking interface enabling a user to physically and
communicatively dock a portable device such as a smartphone, multimedia device,
tablet computer or other portable computing device (for example, an [IPHONE, IPOD
or IPAD produced by Apple, Inc. of Cupertino, CA). In such implementations, the
user can control the tinting levels via input to the portable device, which is then
received by the wall device through the docking interface and subsequently
communicated to the MC 308, NC 306 or WC 304. In such implementations, the
portable device may include an application for communicating with an API presented

by the wall device.

[00133] For example, the wall device can transmit a request for a tint state
change to the MC 308. In some implementations, the MC 308 can first determine
whether to grant the request (for example, based on power considerations or based on
whether the user has the appropriate authorizations/permissions). The MC 308 can
then calculate, determine, select or otherwise generate a tint value and transmit the
tint value in a primary tint command to cause the tint state transitions in the adjoining
IGUs 302. In some such implementations, each wall device can be connected with
the MC 308 via one or more wired links (for example, over communication lines such
as CAN or Ethernet compliant lines or over power lines using power line
communication techniques). In some other implementations, each wall device can be
connected with the MC 308 via one or more wireless links. In some other

implementations, the wall device can be connected (via one or more wired or wireless
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connections) with an outward-facing network 310 such as a customer-facing network,

which then communicates with the MC 308 via link 318.

[00134] In some implementations, the MC 308 can identify the IGUs 302
associated with the wall device based on previously programmed or discovered
information associating the wall device with the IGUs 302. In some implementations,
a control algorithm or rule set stored in and executed by the MC 308 can dictate that
one or more control signals from a wall device take precedence over a tint value
previously generated by the MC 308. In some other instances, such as in times of
high demand (for example, high power demand), a control algorithm or rule set stored
in and executed by the MC 308 can dictate that the tint value previously generated by

the MC 308 takes precedence over any control signals received from a wall device.

[00135] In some other implementations or instances, based on the receipt of a
tint-state-change request or control signal from a wall device, the MC 308 can use
information about a combination of known parameters to generate a tint value that
provides lighting conditions desirable for a typical user, while in some instances also
using power efficiently. In some other implementations, the MC 308 can generate the
tint value based on preset preferences defined by or for the particular user that
requested the tint state change via the wall device. For example, the user may be
required to enter a password into the wall device or to use a security token or security
fob such as the IBUTTON or other 1-Wire device to gain access to the wall device.
In such instances, the MC 308 can determine the identity of the user, based on the
password, security token or security fob, retrieve preset preferences for the user, and
use the preset preferences alone or in combination with other parameters (such as
power considerations or information from various sensors) to calculate, determine,

select or otherwise generate a tint value for the respective IGUs 302.

[00136] In some other implementations, the wall device can transmit a tint state
change request to the appropriate NC 306, which then communicates the request, or a
communication based on the request, to the MC 308. For example, each wall device
can be connected with a corresponding NC 306 via one or more wired links such as
those just described for the MC 308 or via a wireless link (such as those described
below). In some other implementations, the wall device can transmit a request to the

appropriate NC 306, which then itself determines whether to override a primary tint
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command previously received from the MC 308 or a primary or secondary tint
command previously generated by the NC 306 (as described below, the NC 306 can
in some implementations generate tint commands without first receiving a tint
command from an MC 308). In some other implementations, the wall device can
communicate requests or control signals directly to the WC 304 that controls the
adjoining IGUs 302. For example, each wall device can be connected with a
corresponding WC 304 via one or more wired links such as those just described for

the MC 308 or via a wireless linkWC.

[00137] In some specific implementations, the NC 306 or the MC 308
determines whether the control signals from the wall device should take priority over
a tint value previously generated by the NC 306 or the MC 308. As described above,
in some implementations, the wall device can communicate directly with the NC 306.
However, in some other implementations, the wall device can communicate requests
directly to the MC 308 or directly to a WC 304, which then communicates the request
to the NC 306. In still other implementations, the wall device can communicate
requests to a customer-facing network (such as a network managed by the owners or
operators of the building), which then passes the requests (or requests based
therefrom) to the NC 306 either directly or indirectly by way of the MC 308. In some
implementations, a control algorithm or rule set stored in and executed by the NC 306
or the MC 308 can dictate that one or more control signals from a wall device take
precedence over a tint value previously generated by the NC 306 or the MC 308. In
some other instances, such as in times of high demand (for example, high power
demand), a control algorithm or rule set stored in and executed by the NC 306 or the
MC 308 can dictate that the tint value previously generated by the NC 306 or the MC

308 takes precedence over any control signals received from a wall device.

[00138] As described above with reference to the MC 308, in some other
implementations, based on the receipt of a tint-state-change request or control signal
from a wall device, the NC 306 can use information about a combination of known
parameters to generate a tint value that provides lighting conditions desirable for a
typical user, while in some instances also using power efficiently. In some other
implementations, the NC 306 or the MC 308 can generate the tint value based on
preset preferences defined by or for the particular user that requested the tint state

change via the wall device. As described above with reference to the MC 308, the
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user may be required to enter a password into the wall device or to use a security
token or security fob such as the IBUTTON or other 1-Wire device to gain access to
the wall device. In such instances, the NC 306 can communicate with the MC 308 to
determine the identity of the user, or the MC 308 can alone determine the identity of
the user, based on the password, security token or security fob, retrieve preset
preferences for the user, and use the preset preferences alone or in combination with
other parameters (such as power considerations or information from various sensors)
to calculate, determine, select or otherwise generate a tint value for the respective

IGUs 302.

[00139] In some implementations, the MC 308 is coupled to an external
database (or “data store” or “data warehouse”) 320. In some implementations, the
database 320 can be a local database coupled with the MC 308 via a wired hardware
link 322. In some other implementations, the database 320 can be a remote database
or a cloud-based database accessible by the MC 308 via an internal private network or
over the outward-facing network 310. In some implementations, other computing
devices, systems or servers also can have access to read the data stored in the database
320, for example, over the outward-facing network 310. Additionally, in some
implementations, one or more control applications or third party applications also can
have access to read the data stored in the database via the outward-facing network
310. In some cases, the MC 308 stores in the database 320 a record of all tint
commands including the corresponding tint values issued by the MC 308. The MC
308 also can collect status and sensor data and store it in the database 320. In such
instances, the WCs 304 can collect the sensor data and status data from the IGUs 302
and communicate the sensor data and status data to the respective NCs 306 over link
314 for communication to the MC 308 over link 316. Additionally or alternatively,
the NCs 306 or the MC 308 themselves also can be connected to various sensors such
as light, temperature or occupancy sensors within the building as well as light or
temperature sensors positioned on, around or otherwise external to the building (for
example, on a roof of the building). In some implementations the NCs 306 or the
WCs 304 also can transmit status or sensor data directly to the database 320 for

storage.

Integration with Other Systems or Services

[00140] In some implementations, the network system 300 also can be
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designed to function in conjunction with modern heating, ventilation, and air
conditioning (HVAC) systems, interior lighting systems, security systems or power
systems as an integrated and efficient energy control system for an entire building or a
campus of buildings. Some implementations of the network system 300 are suited for
integration with a building management system (BMS), 324. A BMS is broadly a
computer-based control system that can be installed in a building to monitor and
control the building’s mechanical and electrical equipment such as HVAC systems
(including furnaces or other heaters, air conditioners, blowers and vents), lighting
systems, power systems, elevators, fire systems, and security systems. The BMS can
include hardware and associated firmware and software for maintaining conditions in
the building according to preferences set by the occupants or by a building manager or
other administrator. The software can be based on, for example, internet protocols or
open standards. A BMS can typically be used in large buildings where it functions to
control the environment within the building. For example, the BMS can control
lighting, temperature, carbon dioxide levels, and humidity within the building. To
control the building environment, the BMS can turn on and off various mechanical
and electrical devices according to rules or in response to conditions. Such rules and
conditions can be selected or specified by a building manager or administrator, for
example. One function of a BMS can be to maintain a comfortable environment for
the occupants of a building while minimizing heating and cooling energy losses and
costs. In some implementations, the BMS can be configured not only to monitor and
control, but also to optimize the synergy between various systems, for example, to

conserve energy and lower building operation costs.

[00141] Additionally or alternatively, some implementations of the network
system 300 are suited for integration with a smart thermostat service, alert service (for
example, fire detection), security service or other appliance automation service. On
example of a home automation service is NEST®, made by Nest Labs of Palo Alto,
California, (NEST® is a registered trademark of Google, Inc. of Mountain View,
California). As used herein, references to a BMS can in some implementations also

encompass, or be replaced with, such other automation services.

[00142] In some implementations, the MC 308 and a separate automation
service, such as a BMS 324, can communicate via an application programming

interface (API). For example, the API can execute in conjunction with a master
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controller application (or platform) within the MC 308, or in conjunction with a
building management application (or platform) within the BMS 324. The MC 308
and the BMS 324 can communicate over one or more wired links 326 or via the
outward-facing network 310. In some instances, the BMS 324 can communicate
instructions for controlling the IGUs 302 to the MC 308, which then generates and
transmits primary tint commands to the appropriate NCs 306. In some
implementations, the NCs 306 or the WCs 304 also can communicate directly with
the BMS 324 (whether through a wired/hardware link or wirelessly through a wireless
data link). In some implementations, the BMS 324 also can receive data, such as
sensor data, status data and associated timestamp data, collected by one or more of the
MC 308, the NCs 306 and the WCs 304. For example, the MC 308 can publish such
data over the network 310. In some other implementations in which such data is
stored in a database 320, the BMS 324 can have access to some or all of the data

stored in the database 320.

Example Master Controller

[00143] Figure 7 shows a block diagram of an example master controller (MC)
400 in accordance with some implementations. For example, the MC 400 of Figure 7
can be used to implement the MC 308 described above with reference to the network
system 300 of Figure 6. As used herein, references to “the MC 400” also encompass
the MC 308, and vice versa; in other words, the two references may be used
interchangeably. The MC 400 can be implemented in or as one or more computers,
computing devices or computer systems (herein used interchangeably where
appropriate unless otherwise indicated). Additionally, reference to “the MC 400”
collectively refers to any suitable combination of hardware, firmware and software for
implementing the functions, operations, processes or capabilities described. For
example, the MC 400 can refer to a computer that implements a master controller

application (also referred to herein as a “program” or a “task”™).

[00144] As shown in Figure 7, the MC 400 generally includes one or more
processors 402 (also collectively referred to hereinafter as “the processor 402”).
Processor 402 can be or can include a central processing unit (CPU), such as a single
core or a multi-core processor. The processor 402 can additionally include a digital
signal processor (DSP) or a network processor in some implementations. In some

implementations, the processor 402 also can include one or more application-specific

-53-



WO 2017/189618 PCT/US2017/029476

10

15

20

25

30

integrated circuits (ASICs). The processor 402 is coupled with a primary memory
404, a secondary memory 406, an inward-facing network interface 408 and an
outward-facing network interface 410. The primary memory 404 can include one or
more high-speed memory devices such as, for example, one or more random-access
memory (RAM) devices including dynamic-RAM (DRAM) devices. Such DRAM
devices can include, for example, synchronous DRAM (SDRAM) devices and double
data rate SDRAM (DDR SDRAM) devices (including DDR2 SDRAM, DDR3
SDRAM, and DDR4 SDRAM), thyristor RAM (T-RAM), and zero-capacitor (Z-
RAM®), among other suitable memory devices.

[00145] The secondary memory 406 can include one or more hard disk drives
(HDDs) or one or more solid-state drives (SSDs). In some implementations, the
memory 406 can store processor-executable code (or “programming instructions”) for
implementing a multi-tasking operating system such as, for example, an operating
system based on a Linux® kernel. In some other implementations, the operating
system can be a UNIX®- or Unix-like-based operating system, a Microsoft
Windows®-based operating system, or another suitable operating system. The
memory 406 also can store code executable by the processor 402 to implement the
master controller application described above, as well as code for implementing other
applications or programs. The memory 406 also can store status information, sensor
data or other data collected from network controllers, window controllers and various

SENSsors.

[00146] In some implementations, the MC 400 is a “headless” system; that is, a
computer that does not include a display monitor or other user input device. In some
such implementations, an administrator or other authorized user can log in to or
otherwise access the MC 400 from a remote computer or mobile computing device
over a network (for example, the network 310) to access and retrieve information
stored in the MC 400, to write or otherwise store data in the MC 400, and to control
various functions, operations, processes or parameters implemented or used by the
MC 400. In some other implementations, the MC 400 also can include a display
monitor and a direct user input device (for example, one or more of a mouse, a

keyboard and a touchscreen).

[00147] In various implementations, the inward-facing network interface 408
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enables the MC 400 to communicate with various distributed controllers, and in some
implementations, also with various sensors. The inward-facing network interface 408
can collectively refer to one or more wired network interfaces or one or more wireless
network interfaces (including one or more radio transceivers). In the context of the
network system 300 of Figure 6, the MC 400 can implement the MC 308 and the
inward-facing network interface 408 can enable communication with the downstream

NCs 306 over the link 316.

[00148] The outward-facing network interface 410 enables the MC 400 to
communicate with various computers, mobile devices, servers, databases or cloud-
based database systems over one or more networks. The outward-facing network
interface 410 also can collectively refer to one or more wired network interfaces or
one or more wireless network interfaces (including one or more radio transceivers).
In the context of the network system 300 of Figure 6, the outward-facing network
interface 410 can enable communication with various computers, mobile devices,
servers, databases or cloud-based database systems accessible via the outward-facing
network 310 over the link 318. As described above, in some implementations, the
various applications, including third party applications or cloud-based applications,
executing within such remote devices can access data from or provide data to the MC
400 or to the database 320 via the MC 400. In some implementations, the MC 400
includes one or more APIs for facilitating communication between the MC 400 and
various third party applications. Some example implementations of APIs that the MC
400 can enable are described in PCT Patent Application No. PCT/US15/64555
(Attorney Docket No. VIEWP073WO) filed December 8, 2015 and titted MULTIPLE
INTERACTING SYSTEMS AT A SITE, which is hereby incorporated by reference
in its entirety and for all purposes. For example, such third-party applications can
include various monitoring services including thermostat services, alert services (for
example, fire detection), security services or other appliance automation services.
Additional examples of monitoring services and systems can be found in PCT Patent
Application No. PCT/US2015/019031 (Attorney Docket No. VIEWP061WO) filed
March 5, 2015 and titled MONITORING SITES CONTAINING SWITCHABLE
OPTICAL DEVICES AND CONTROLLERS, which is hereby incorporated by

reference in its entirety and for all purposes.

[00149] In some implementations, one or both of the inward-facing network
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interface 408 and the outward-facing network interface 410 can include a BACnet
compatible interface. BACnet is a communications protocol typically used in
building automation and control networks and defined by the ASHRAE/ANSI 135
and ISO 16484-5 standards. The BACnet protocol broadly provides mechanisms for
computerized building automation systems and devices to exchange information,
regardless of the particular services they perform. For example, BACnet has
traditionally been used to enable communication among heating, ventilating, and air-
conditioning control (HVAC) systems, lighting control systems, access or security
control systems, and fire detection systems as well as their associated equipment. In
some other implementations, one or both of the inward-facing network interface 408
and the outward-facing network interface 410 can include an oBIX (Open Building
Information Exchange) compatible interface or another RESTful Web Services-based
interface. As such, while the following description is sometimes focused on BACnet
implementations, in other implementations, other protocols compatible with oBIX or

other RESTful Web Services can be used.

[00150] The BACnet protocol is generally based on a server-client architecture.
In some implementations, as viewed from the outward-facing network 310, the MC
400 functions as a BACnet server. For example, the MC 400 can publish various
information through the outward-facing network interface 410 over the network 310
to various authorized computers, mobile devices, servers or databases, or to various
authorized applications executing on such devices. When viewed from the rest of the
network system 300, the MC 400 can function as a client. In some such
implementations, the NCs 306 function as BACnet servers collecting and storing
status data, sensor data or other data acquired from the WCs 304, and publishing this
acquired data such that it is accessible to the MC 400.

[00151] The MC 400 can communicate as a client to each of the NCs 306 using
BACnet standard data types. Such BACnet data types can include analog values
(AVs). In some such implementations, each NC 306 stores an array of AVs. The
array of AVs can be organized by BACnet IDs. For example, each BACnet ID can be
associated with at least two AVs; a first one of the AVs can be associated with a tint
value set by the MC 400 and a second one of the AVs can be associated with a status
indication value set (or received) from a respective WC 304. In some

implementations, each BACnet ID can be associated with one or more WCs 304. For
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example, each of the WCs 304 can be identified by a second protocol ID such as a
Controller Area Network (CAN) vehicle bus standard ID (referred to hereinafter as a
“CAN ID”). In such implementations, each BACnet ID can be associated with one or

more CAN IDs in the NC 306.

[00152] In some implementations, when the MC 400 determines to tint one or
more IGUs 302, the MC 400 writes a specific tint value to the AV in the NC 306
associated with the one or more respective WCs 304 that control the target IGUs 302.
In some more specific implementations, the MC 400 generates a primary tint
command including a BACnet ID associated with the WCs 304 that control the target
IGUs 302. The primary tint command also can include a tint value for the target
IGUs 302. The MC 400 can direct the transmission of the primary tint command
through the inward-facing interface 408 and to the particular NC 306 using a network
address of the NC 306. For example, the network address of the NC 306 can include
an Internet Protocol (IP) address (for example, an IPv4 or IPv6 address) or a Media
Access Control (MAC) address (for example, when communicating over an Ethernet

link 316).

[00153] The MC 400 can calculate, determine, select or otherwise generate a
tint value for one or more IGUs 302 based on a combination of parameters. For
example, the combination of parameters can include time or calendar information
such as the time of day, day of year or time of season. Additionally or alternatively,
the combination of parameters can include solar calendar information such as, for
example, the direction of the sun relative to the IGUs 302. In some instances, the
direction of the sun relative to the IGUs 302 can be determined by the MC 400 based
on time and calendar information together with information known about the
geographical location of the building on the Earth and the direction that the IGUs face
(for example, in a North-East-Down coordinate system). The combination of
parameters also can include the outside temperature (external to the building), the
inside temperature (within a room adjoining the target IGUs 302), or the temperature
within the interior volume of the IGUs 302. The combination of parameters also can
include information about the weather (for example, whether it is clear, sunny,
overcast, cloudy, raining or snowing). Parameters such as the time of day, day of
year, or direction of the sun can be programmed into and tracked by the MC 308.

Parameters such as the outside temperature, inside temperature or IGU temperature
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can be obtained from sensors in, on or around the building or sensors integrated on or
within the IGUs 302. Some information about the weather also can be obtained from
such sensors. Additionally or alternatively, parameters such as the time of day, time
of year, direction of the sun, or weather can be provided by, or determined based on
information provided by, various applications including third party applications over
the network 310. Additional examples of algorithms, routines, modules, or other
means for generating tint values are described in U.S. Patent Application No.
13/772,969 (Attorney Docket No. VIEWP049) filed February 21, 2013 and titled
CONTROL METHOD FOR TINTABLE WINDOWS, and in PCT Patent Application
No. PCT/US15/029675 (Attorney Docket No. VIEWP049X1WO) filed May 7, 2015
and titted CONTROL METHOD FOR TINTABLE WINDOWS, both of which are

hereby incorporated by reference in their entireties and for all purposes.

[00154] Generally, each ECD within each IGU 302 is capable of being tinted,
responsive to a suitable driving voltage applied across the EC stack, to virtually any
tint state within a continuous tint spectrum defined by the material properties of the
EC stack. However, in some implementations, the MC 400 is programmed to select a
tint value from a finite number of discrete tint values. For example, the tint values
can be specified as integer values. In some such implementations, the number of
available discrete tint values can be 4, 8, 16, 32, 64, 128 or 256 or more. For
example, a 2-bit binary number can be used to specify any one of four possible integer
tint values, a 3-bit binary number can be used to specify any one of eight possible
integer tint values, a 4-bit binary number can be used to specify any one of sixteen
possible integer tint values, a 5-bit binary number can be used to specify any one of
thirty-two possible integer tint values, and so on. Each tint value can be associated
with a target tint level (for example, expressed as a percentage of maximum tint,
maximum safe tint, or maximum desired or available tint). For didactic purposes,
consider an example in which the MC 400 selects from among four available tint
values: 0, 5, 10 and 15 (using a 4-bit or higher binary number). The tint values O, 5,
10 and 15 can be respectively associated with target tint levels of 60%, 40%, 20% and
4%, or 60%, 30%, 10% and 1%, or another desired, advantageous, or suitable set of

target tint levels.

Example Network Controller

[00155] Figure 8 shows a block diagram of an example network controller
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(NC) 500 in accordance with some implementations. For example, the NC 500 of
Figure 8 can be used to implement the NC 306 described above with reference to the
network system 300 of Figure 6. As used herein, references to “the NC 500" also
encompass the NC 306, and vice versa; in other words, the two references may be
used interchangeably. The NC 500 can be implemented in or as one or more network
components, networking devices, computers, computing devices or computer systems
(herein used interchangeably where appropriate unless otherwise indicated).
Additionally, reference to “the NC 5007 collectively refers to any suitable
combination of hardware, firmware and software for implementing the functions,
operations, processes or capabilities described. For example, the NC 500 can refer to
a computer that implements a network controller application (also referred to herein

as a “program” or a “task™).

[00156] As shown in Figure 8, the NC 500 generally includes one or more
processors 502 (also collectively referred to hereinafter as “the processor 502”). In
some implementations, the processor 502 can be implemented as a microcontroller or
as one or more logic devices including one or more application-specific integrated
circuits (ASICs) or programmable logic devices (PLDs), such as field-programmable
gate arrays (FPGAs) or complex programmable logic devices (CPLDs). If
implemented in a PLD, the processor can be programmed into the PLD as an
intellectual property (IP) block or permanently formed in the PLD as an embedded
processor core. In some other implementations, the processor 502 can be or can
include a central processing unit (CPU), such as a single core or a multi-core
processor. The processor 502 is coupled with a primary memory 504, a secondary
memory 506, a downstream network interface 508 and an upstream network interface
510. In some implementations, the primary memory 504 can be integrated with the
processor 502, for example, as a system-on-chip (SOC) package, or in an embedded
memory within a PLD itself. In some other implementations, the NC 500
alternatively or additionally can include one or more high-speed memory devices such

as, for example, one or more RAM devices.

[00157] The secondary memory 506 can include one or more solid-state drives
(SSDs) storing one or more lookup tables or arrays of values. In some
implementations, the secondary memory 506 can store a lookup table that maps first

protocol IDs (for example, BACnet IDs) received from the MC 400 to second
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protocol IDs (for example, CAN IDs) each identifying a respective one of the WCs
304, and vice versa. In some implementations, the secondary memory 506 can
additionally or alternatively store one or more arrays or tables. In some
implementations, such arrays or tables can be stored as comma-separated values
(CSV) files or via another table-structured file format. For example, each row of the
file can be identified by a timestamp corresponding to a transaction with a WC 304.
Each row can include a tint value (C) for the IGUs 302 controlled by the WC 304 (for
example, as set by the MC 400 in the primary tint command); a status value (S) for
the IGUs 302 controlled by the WC 304; a set point voltage (for example, the
effective applied voltage Vzp) an actual voltage level V., measured, detected or
otherwise determined across the ECDs within the IGUs 302; an actual current level
14s measured, detected or otherwise determined through the ECDs within the IGUs
302; and various sensor data. In some implementations, each row of the CSV file can
include such status information for each and all of the WCs 304 controlled by the NC
500. In some such implementations, each row also includes the CAN IDs or other

IDs associated with each of the respective WC 304.

[00158] In some implementations in which the NC 500 is implemented in a
computer that executes a network controller application, the secondary memory 506
also can store processor-executable code (or “programming instructions”) for
implementing a multi-tasking operating system such as, for example, an operating
system based on a Linux® kernel. In some other implementations, the operating
system can be a UNIX®- or Unix-like-based operating system, a Microsoft
Windows®-based operating system, or another suitable operating system. The
memory 506 also can store code executable by the processor 502 to implement the
network controller application described above, as well as code for implementing

other applications or programs.

[00159] In various implementations, the downstream network interface 508
enables the NC 500 to communicate with distributed WCs 304, and in some
implementations, also with various sensors. In the context of the network system 300
of Figure 6, the NC 500 can implement the NC 306 and the downstream network
interface 508 can enable communication with the WCs 304 over the link 314. The
downstream network interface 508 can collectively refer to one or more wired

network interfaces or one or more wireless network interfaces (including one or more
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radio transceivers). In some implementations, the downstream interface 508 can
include a CANbus interface enabling the NC 500 to distribute commands, requests or
other instructions to various WCs 304, and to receive responses including status
information from the WCs 304, according to a CANBus protocol (for example, via
the CANopen communication protocol). In some implementations, a single CANbus
interface can enable communication between the NC 500 and tens, hundreds or
thousands of WCs 304. Additionally or alternatively, the downstream interface 508
can include one or more Universal Serial Bus (USB) interfaces (or “ports”). In some
such implementations, to enable communication via a CANbus communication
protocol, a USB-to-CAN adapter can be used to couple the USB port of the
downstream interface 508 with CANbus-compatible cables. In some such
implementations, to enable the NC 500 to control even more WCs 304, a USB hub
(for example, having 2, 3, 4, 5 10 or more hub ports) can be plugged into the USB
port of the downstream interface S08. A USB-to-CAN adapter can then be plugged
into each hub port of the USB hub.

[00160] The upstream network interface 510 enables the NC 500 to
communicate with the MC 400, and in some implementations, also with various other
computers, servers or databases (including the database 320). The upstream network
interface 510 also can collectively refer to one or more wired network interfaces or
one or more wireless network interfaces (including one or more radio transceivers).
In the context of the network system 300 of Figure 6, the upstream network interface
510 can enable communication with the MC 308 over the link 318. In some
implementations, the upstream network interface 510 also can be coupled to
communicate with applications, including third party applications and cloud-based
applications, over the outward-facing network 310. For example, in implementations
in which the NC 500 is implemented as a network controller application executing as
a task within a computer, the network controller application can communicate directly
with the outward-facing network 310 via the operating system and the upstream
network interface 510. In some other implementations, the NC 500 may be
implemented as a task running on the MC 308 and managing the CANbus devices via
the CANbus interface. In such implementations, in addition or as an alternative to
TCP/IP or UDP/IP communications to the MC, the communications could be via
UNIX Domain Sockets (UDS) or other communication methods like shared memory,

or other non-IP communication methods.
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[00161] In some implementations, the upstream interface 510 can include
BACnet compatible interface, an oBIX compatible interface or another RESTful Web
Services-based interface. As described above with reference to Figure 7, in some
implementations the NC 500 functions as a BACnet server collecting and storing
status data, sensor data or other data acquired from the WCs 304, and publishing this
acquired data such that it is accessible to the MC 400. In some implementations, the
NC 500 also can publish this acquired data over the network 310 directly; that is,
without first passing the data to the MC 400. The NC 500 also functions in some
respects similar to a router. For example, the NC 500 can function as a BACnet to
CANBus gateway, receiving communications transmitted from the MC 400 according
to the BACnet protocol, converting commands or messages from the BACnet protocol
to a CANBus protocol (for example, the CANopen communication protocol), and
distributing commands or other instructions to various WCs 304 according to the

CANBus protocol.

[00162] BAChnet is built over the user datagram protocol (UDP). In some other
implementations, a non-broadcast-based communication protocol can be used for
communication between the MC 400 and the NCs 500. For example, the transmission
control protocol (TCP) can serve as the transport layer as opposed to UDP. In some
such implementations, the MC 400 can communicate with the NCs 500 via an oBIX-
compatible communication protocol. In some other implementations, the MC 400 can
communicate with the NCs 500 via a WebSocket-compatible communication
protocol. Such TCP protocols also can allow the NCs 500 to communicate directly

with one another.

[00163] In various implementations, the NC 500 can be configured to perform
protocol translation (or “conversion”) between one or more upstream protocols and
one or more downstream protocols. As described above, the NC 500 can perform
translation from BACnet to CANopen, and vice versa. As another example, the NC
500 can receive upstream communications from the MC 400 via an oBIX protocol
and translate the communications into CANopen or other CAN-compatible protocols
for transmission to the downstream WCs 304, and vice versa. In some wireless
implementations, the NC 500 or the MC 400 also can translate various wireless
protocols including, for example, protocols based on the IEEE 802.11 standard (for
example, WiF1), protocols based on the IEEE 802.15.4 standard (for example,
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ZigBee, (LOWPAN, ISA100.11a, WirelessHART or MiW1), protocols based on the
Bluetooth standard (including the Classic Bluetooth, Bluetooth high speed and
Bluetooth low energy protocols and including the Bluetooth v4.0, v4.1 and v4.2
versions), or protocols based on the EnOcean standard (ISO/IEC 14543-3-10). For
example, the NC 500 can receive upstream communications from the MC 400 via an
oBIX protocol and translate the communications into WiFi or 6LowPAN for
transmission to the downstream WCs 304, and vice versa. As another example, the
NC 500 can receive upstream communications from the MC 400 via WiFi or
6LowPAN and translate the communications into CANopen for transmission to the
downstream WCs 304, and vice versa. In some other examples, the MC 400 rather

than the NC 500 handles such translations for transmission to downstream WCs 304,

[00164] As described above with reference to Figure 7, when the MC 400
determines to tint one or more IGUs 302, the MC 400 can write a specific tint value to
the AV in the NC 500 associated with the one or more respective WCs 304 that
control the target IGUs 302. In some implementations, to do so, the MC 400
generates a primary tint command communication including a BACnet ID associated
with the WCs 304 that control the target IGUs 302. The primary tint command also
can include a tint value for the target IGUs 302. The MC 400 can direct the
transmission of the primary tint command to the NC 500 using a network address
such as, for example, an IP address or a MAC address. Responsive to receiving such
a primary tint command from the MC 400 through the upstream interface 510, the NC
500 can unpackage the communication, map the BACnet ID (or other first protocol
ID) in the primary tint command to one or more CAN IDs (or other second protocol
IDs), and write the tint value from the primary tint command to a first one of the

respective AVs associated with each of the CAN IDs.

[00165] In some implementations, the NC 500 then generates a secondary tint
command for each of the WCs 304 identified by the CAN IDs. Each secondary tint
command can be addressed to a respective one of the WCs 304 by way of the
respective CAN ID. Each secondary tint command also can include the tint value
extracted from the primary tint command. The NC 500 transmits the secondary tint
commands to the target WCs 304 through the downstream interface 508 via a second
communication protocol (for example, via the CANOpen protocol). In some

implementations, when a WC 304 receives such a secondary tint command, the WC
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304 transmits a status value back to the NC 500 indicating a status of the WC 304.
For example, the tint status value can represent a “tinting status” or “transition status”
indicating that the WC is in the process of tinting the target IGUs 302, an “active” or
“completed” status indicating that the target IGUs 302 are at the target tint state or
that the transition has been finished, or an “error status” indicating an error. After the
status value has been stored in the NC 500, the NC 500 can publish the status
information or otherwise make the status information accessible to the MC 400 or to
various other authorized computers or applications. In some other implementations,
the MC 400 can request status information for a particular WC 304 from the NC 500
based on intelligence, a scheduling policy, or a user override. For example, the
intelligence can be within the MC 400 or within a BMS. A scheduling policy can be
stored in the MC 400, another storage location within the network system 300, or

within a cloud-based system.

Integrated Master Controller and Network Controller
[00166] As described above, in some implementations the MC 400 and the NC
500 can be implemented as a master controller application and a network controller
application, respectively, executing within respective physical computers or other
hardware devices. In some alternative implementations, each of the master controller
application and the network controller application can be implemented within the
same physical hardware. For example, each of the master controller application and
the network controller application can be implemented as a separate task executing
within a single computer device that includes a multi-tasking operating system such
as, for example, an operating system based on a Linux® kernel or another suitable

operating system.

[00167] In some such integrated implementations, the master controller
application and the network controller application can communicate via an application
programming interface (API). In some particular implementations, the master
controller and network controller applications can communicate over a loopback
interface. By way of reference, a loopback interface is a virtual network interface,
implemented through an operating system, which enables communication between
applications executing within the same device. A loopback interface is typically

identified by an IP address (often in the 127.0.0.0/8 address block in IPv4, or the
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0:0:0:0:0:0:0:1 address (also expressed as ::1) in IPv6). For example, the master
controller application and the network controller application can each be programmed
to send communications targeted to one another to the IP address of the loopback
interface. In this way, when the master controller application sends a communication
to the network controller application, or vice versa, the communication does not need

to leave the computer.

[00168] In implementations in which the MC 400 and the NC 500 are
implemented as master controller and network controller applications, respectively,
there are generally no restrictions limiting the available protocols suitable for use in
communication between the two applications. This generally holds true regardless of
whether the master controller application and the network controller application are
executing as tasks within the same or different physical computers. For example,
there is no need to use a broadcast communication protocol, such as BACnet, which
limits communication to one network segment as defined by a switch or router
boundary. For example, the oBIX communication protocol can be used in some

implementations for communication between the MC 400 and the NCs 500.

[00169] In the context of the network system 300, each of the NCs 500 can be
implemented as an instance of a network controller application executing as a task
within a respective physical computer. In some implementations, at least one of the
computers executing an instance of the network controller application also executes
an instance of a master controller application to implement the MC 400. For example,
while only one instance of the master controller application may be actively executing
in the network system 300 at any given time, two or more of the computers that
execute instances of network controller application can have an instance of the master
controller application installed. In this way, redundancy is added such that the
computer currently executing the master controller application is no longer a single
point of failure of the entire system 300. For example, if the computer executing the
master controller application fails or if that particular instance of the master controller
application otherwise stops functioning, another one of the computers having an
instance of the master network application installed can begin executing the master
controller application to take over for the other failed instance. In some other
applications, more than one instance of the master controller application may be

executing concurrently. For example, the functions, processes or operations of the
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master controller application.

Example Window Controller

[00170] An example window controller is further described in PCT Patent
Application No. PCT/US16/58872, titted CONTROLLERS FOR OPTICALLY-
SWITCHABLE DEVICES, filed October 26, 2016, which is herein incorporated by
reference in its entirety. Controllers for optically switchable devices are also
described in US Patent Application No. 15/334,832, titled CONTROLLERS FOR
OPTICALLY-SWITCHABLE DEVICES, filed October 26, 2016, which is herein

incorporate by reference in its entirety.

Smart Network Controller

[00171] In some implementations, the NC 500 described with reference to
Figure 8 can take over some of the functions, processes or operations that are
described above as being responsibilities of the MC 400 of Figure 7. Additionally or
alternatively, the NC 500 can include additional functionalities or capabilities not
described with reference to the MC 400. Figure 9 shows a block diagram of example
modules of a network controller in accordance with some implementations. For
example, the modules of Figure 9 can be implemented in the NC 500 in any suitable
combination of hardware, firmware and software. In some implementations in which
the NC 500 is implemented as a network controller application executing within a
computer, each of the modules of Figure 1 also can be implemented as an application,

task or subtask executing within the network controller application.

[00172] In some implementations, the NC 500 periodically requests status
information from the WCs it controls. For example, the NC 500 can communicate a
status request to each of the WCs it controls every few seconds, every few tens of
seconds, every minute, every few minutes or after any desirable period of time. In
some implementations, each status request is directed to a respective one of the WCs
using the CAN ID or other identifier of the respective WC. In some implementations,
the NC 500 proceeds sequentially through all of the WCs it controls during each
round of status acquisition. In other words, the NC 500 loops through all of the WCs

it controls such that a status request is sent to each of the WCs sequentially in each
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round of status acquisition. After a status request has been sent to a given WC, the
NC 500 then waits to receive the status information from the respective WC before

sending a status request to the next one of the WCs in the round of status acquisition.

[00173] In some implementations, after status information has been received
from all of the WCs that the NC 500 controls, the NC 500 then performs a round of
tint command distribution. For example, in some implementations, each round of
status acquisition is followed by a round of tint command distribution, which is then
followed by a next round of status acquisition and a next round of tint command
distribution, and so on. In some implementations, during each round of tint command
distribution, the NC 500 proceeds to send a tint command to each of the WCs that the
NC 500 controls. In some such implementations, the NC 500 also proceeds
sequentially through all of the WCs it controls during the round of tint command
distribution. In other words, the NC 500 loops through all of the WCs it controls such
that a tint command is sent to each of the WCs sequentially in each round of tint

command distribution.

[00174] In some implementations, each status request includes instructions
indicating what status information is being requested from the respective WC. In
some implementations, responsive to the receipt of such a request, the respective WC
responds by transmitting the requested status information to the NC 500 (for example,
via the communication lines in an upstream set of cables). In some other
implementations, each status request by default causes the WC to transmit a
predefined set of information for the set of IGUs it controls. Either way, the status
information that the WC communicates to the NC 500 responsive to each status
request can include a tint status value (S) for the IGUs, for example, indicating
whether the IGUs is undergoing a tinting transition or has finished a tinting transition.
Additionally or alternatively, the tint status value S or another value can indicate a
particular stage in a tinting transition (for example, a particular stage of a voltage
control profile). In some implementations, the status value S or another value also
can indicate whether the WC is in a sleep mode. The status information
communicated in response to the status request also can include the tint value (C) for
the IGUs, for example, as set by the MC 400 or the NC 500. The response also can
include a set point voltage set by the WC based on the tint value (for example, the

value of the effective applied Vxj;). In some implementations, the response also can
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include a near real-time actual voltage level V4 measured, detected or otherwise
determined across the ECDs within the IGUs (for example, via the amplifier and the
feedback circuit). In some implementations, the response also can include a near real-
time actual current level /., measured, detected or otherwise determined through the
ECDs within the IGUs (for example, via the amplifier and the feedback circuit). The
response also can include various near real-time sensor data, for example, collected

from photosensors or temperature sensors integrated on or within the IGUs.

[00175] Some protocols such as CANOpen limit the size of each frame of data
sent from the WC to the NC 500 and vice versa. In some instances, the sending of
each status request and the receiving of status information responsive to such a
request actually includes multiple two-way communications, and thus, multiple
frames. For example, each status request described above can include a separate sub-
request for each of the status values described above. As a more specific example,
each status request from the NC 500 to a particular WC can include a first sub-request
requesting the status value S. In response to the first sub-request, the WC can
transmit to the NC 500 an acknowledgement and a frame including the status value S.
The NC 500 can then transmit a second sub-request to the WC requesting the tint
value C. In response to the second sub-request, the WC can transmit to the NC 500
an acknowledgement and a frame including the tint value C. The values of Vg, Vi
and /4., as well as sensor data can similarly be obtained with separate respective sub-

requests and responses.

[00176] In some other implementations, rather than polling or sending a status
request to each of the WCs on a sequential basis, the NC 500 can asynchronously
send status requests to particular WCs. For example, it may not be useful to receive
status information (including C, S, Vg Ve, and 1y,) from all of the WCs periodically.
For example, it may be desirable to asynchronously request such information from
only particular ones of the WCs that have recently received or implemented a tint
command, that are currently undergoing a tinting transition, that have recently
finished a tinting transition, or from which status information has not been collected

for a relatively long duration of time.

[00177] In some other implementations, rather than polling or sending status

requests to each of the WCs individually, whether on a sequential basis or
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asynchronously, each of the WCs can periodically broadcast its status information
(including C, S, Vg, Vaer and L4e;). In some such implementations, each of the WCs
can broadcast the status information wirelessly. For example, each WC can broadcast
the status information every few seconds, tens of seconds, minutes or tens of minutes.
In some implementations, the WCs can be synchronized to broadcast their respective
status information at certain times to avoid occupying a large amount of collective
bandwidth. Additionally, the broadcast period can be different for different sets (such
as the zones described above) of WCs and at different times, for example, based on
the positions of the respective IGUs in the building and relative to the sun, or based

on whether the rooms adjoining the IGUs are occupied.

[00178] In some other implementations, each of the WCs can broadcast its
status information in response to certain conditions, for example, when starting a
tinting transition, when finishing a tinting transition, when J/4.; changes by a
threshold, when /4., changes by a threshold, when sensor data (for example, light
intensity or temperature) changes by a threshold, when an occupancy sensor indicates
the adjoining room is occupied, or when entering or exiting a sleep mode. The NC
500 can listen for such broadcasted status information, and when it hears it, record the
status information. Advantageously, in broadcasting implementations, the time
required to receive status information from a set of WCs is approximately cut in half
because there is no need to request the status information from the WCs, and thus, no
roundtrip delay associated with each WC. Instead, there is only a one-way latency
associated with the time required to transmit the status information from each WC to

the NC 500.

[00179] In some other implementations, at power on or thereafter, each of the
WCs can be configured to read device parameters, drive parameters and lite IDs or
other ECD IDs for connected IGUs. The WCs then broadcast their CAN IDs as well
as the lite IDs and the associated device and drive parameters. That is, in some
implementations, such broadcasting is initiated by one or more processors in a WC
without or irrespective of any requests for such data by the NCs or other controllers.
When the IDs and parameters are broadcast, the NC 500 can receive and process the
IDs and parameters. In some implementations, lite IDs and parameters from messages
broadcasted by the WC are then communicated from the NC to the MC, which stores

them, for example, in a table including a list of known CAN IDs. For example, each
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row of the table can include a CAN ID, a WC location ID associated with the CAN
ID, the connected lite IDs, the locations of the respective windows associated with the
lite IDs, and the device and drive parameters for the respective ECDs. In some
implementations, the MC can store the table in a cloud-based database system so that

even if the MC fails, another MC can be instantiated and access the table in the cloud.

[00180] In some instances, during commissioning, a field service technician
may intervene and attempt to perform ad hoc lite-to-lite matching based on perceived
differences in the tints of two or more neighboring windows. In such cases, the
technician may determine that the drive parameters for one or more ECDs should be
modified, and these modifications are then implemented. In some implementations,
the WC is configured to broadcast the modified parameters to the corresponding NC,
from which the parameters can be communicated to the MC. In situations where the
WC then fails or experiences an error, the NC or MC can determine that the WC has
failed, for instance, because the WC is no longer broadcasting in situations where the
WC has been configured to periodically broadcast data such as the WC’s CAN ID
and/or WC location ID. When the failed WC is replaced with a new WC, which is
then powered-on, the new WC will read the corresponding lite IDs and, as described
above, broadcast the new WC’s CAN ID and the connected lite IDs. When the NC or
MC receives this information, the NC or MC can be configured to retrieve the
modified drive parameters for the failed WC from a database table by performing a
table look-up using the lite IDs. In such instances, the NC or MC is also configured to
automatically update the table by assigning the new CAN ID to the WC location ID
and associated lite IDs. The NC or MC will then automatically communicate the
modified drive parameters to the new WC. In this way, the ECD which had its drive
parameters modified during commissioning can still be driven by the modified drive
parameters even when the respective WC has been replaced. Other techniques for
automatically modifying, updating, and applying drive parameters can be performed
in some implementations, as further described in PCT Patent Application No.
PCT/US17/20805, titted METHOD OF COMMISSIONING ELECTROCHROMIC
WINDOWS, by Shrivastava et al., filed March 3, 2017 (Attorney Docket No.
VIEWP008X2WO), which is hereby incorporated by reference in its entirety and for

all purposes,

[00181] In some such implementations, rather than sending a tint command to
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each of the WCs on a sequential basis, the NC 500 can asynchronously send a tint
command to a particular WC whether through a wired or wireless connection. For
example, it may not be useful to send tint commands to all of the WCs periodically.
For example, it may be desirable to asynchronously sent tint commands to only
particular ones of the WCs that are to be transitioned to a different tint state, for which
status information has just been (or has recently been) received, or to which a tint

command has not been sent for a relatively long duration of time.

Data Logger
[00182] In some implementations, the NC 500 also includes a data logging
module (or “data logger™) 802 for recording data associated with the IGUs controlled
by the NC 500. In some implementations, the data logger 802 records the status
information included in each of some or all of the responses to the status requests. As
described above, the status information that the WC communicates to the NC 500
responsive to each status request can include a tint status value (S) for the IGUs, a
value indicating a particular stage in a tinting transition (for example, a particular
stage of a voltage control profile), a value indicating whether the WC is in a sleep
mode, a tint value (C), a set point voltage set by the WC based on the tint value (for
example, the value of the effective applied V), an actual voltage level V', measured,
detected or otherwise determined across the ECDs within the IGUs, an actual current
level /4. measured, detected or otherwise determined through the ECDs within the
IGUs, and various sensor data, for example, collected from photosensors or
temperature sensors integrated on or within the IGUs. In some other implementations,
the NC 500 can collect and queue status information in a messaging queue like
RabbitMC, ActiveMQ or Kafka and stream the status information to the MC for
subsequent processing such as data reduction/compression, event detection, etc., as

further described herein.

[00183] In some implementations, the data logger 802 within the NC 500
collects and stores the various information received from the WCs in the form of a log
file such as a comma-separated values (CSV) file or via another table-structured file
format. For example, each row of the CSV file can be associated with a respective
status request, and can include the values of C, S, Vg, Vaer and Ly as well as sensor
data (or other data) received in response to the status request. In some

implementations, each row is identified by a timestamp corresponding to the
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respective status request (for example, when the status request was sent by the NC
500, when the data was collected by the WC, when the response including the data
was transmitted by the WC, or when the response was received by the NC 500). In
some implementations, each row also includes the CAN ID or other ID associated

with the respective WC.

[00184] In some other implementations, each row of the CSV file can include
the requested data for all of the WCs controlled by the NC 500. As described above,
the NC 500 can sequentially loop through all of the WCs it controls during each round
of status requests. In some such implementations, each row of the CSV file is still
identified by a timestamp (for example, in a first column), but the timestamp can be
associated with a start of each round of status requests, rather than each individual
request. In one specific example, columns 2—6 can respectively include the values C,
S, Vg, Vaer and 14 for a first one of the WCs controlled by the NC 500, columns 7—
11 can respectively include the values C, S, Vg, Vaer and Ly, for a second one of the
WCs, columns 12—-16 can respectively include the values C, S, Vg, Vaer and 1y, for a
third one of the WCs, and so on and so forth through all of the WCs controlled by the
NC 500. The subsequent row in the CSV file can include the respective values for the
next round of status requests. In some implementations, each row also can include
sensor data obtained from photosensors, temperature sensors or other sensors
integrated with the respective IGUs controlled by each WC. For example, such
sensor data values can be entered into respective columns between the values of C, S,
Vi, Vaer and 1y for a first one of the WCs but before the values of C, S, Vig, Vaer and
Ly for the next one of the WCs in the row. Additionally or alternatively, each row
can include sensor data values from one or more external sensors, for example,
positioned on one or more facades or on a rooftop of the building. In some such
implementations, the NC 500 can send a status request to the external sensors at the

end of each round of status requests.

Compact Status
[00185] As described above, some protocols such as CANopen limit the size of
each frame sent from the WC to the NC 500 and vice versa. In some instances, the
sending of each status request and the receiving of status information responsive to
such a request actually includes multiple two-way communications and frames. For

example, each status request described above can include a separate sub-request for
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each of the status values described above. In some implementations, each of two or
more of the requested values C, S, Vg Vi and Ly can be transmitted together within
a single response—a compact status response. For example, in some
implementations, the values of two or more of C, S, Vg Ve and 1y, are formatted so
as to fit in one frame. For example, the CANopen protocol limits the size of the data
payload that can be sent in each frame to 8 bytes (where each byte includes 8 bits).
And in implementations in which the Service Data Object (SDO) sub-protocol of
CAN open is used, the maximum size of the data payload portion of the CANopen
frame is 4 bytes (32 bits). In some implementations, the size of each of the values
Vi, Vaer and Ly 1s 10 bits. Thus, each of the values of Vg, Vi and 1y can be
packaged within a single SDO frame. This leaves 2 bits left over. In some
implementations, each of the values of C and S can be specified with one respective
bit. In such case, all of the values of C, S, Vg Vaer and 1y can be specified using

only 32 bits, and thus, be packaged within one SDO CANopen frame.

[00186] In some implementations, additional time savings can be achieved
using a broadcast status request. For example, rather than sending a status request to
each of the WCs on an individual (or “unicast” basis), the NC 500 can broadcast a
single status request to all of the WCs it controls. As described above, responsive to
receiving the status request, each WC can be programmed to respond by
communicating status information such as the values C, S, Viy, Vaer and 1y in one or

more compact status responses.

Protocol Conversion Module
[00187] As described above, one function of the NC 500 can be in translating
between various upstream and downstream protocols, for example, to enable the
distribution of information between WCs and the MC 400 or between the WCs and
the outward-facing network 310. In some implementations, a protocol conversion
module 804 is responsible for such translation or conversion services. In various
implementations, the protocol conversion module 904 can be programmed to perform
translation between any of a number of upstream protocols and any of a number of
downstream protocols. As described above, such upstream protocols can include
UDP protocols such as BACnet, TCP protocols such as oBix, other protocols built
over these protocols as well as various wireless protocols. Downstream protocols can

include, for example, CANopen, other CAN-compatible protocol, and various
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wireless protocols including, for example, protocols based on the IEEE 802.11
standard (for example, WiF1), protocols based on the IEEE 802.15 4 standard (for
example, ZigBee, 6LoWPAN, ISA100.11a, WirelessHART or MiWi), protocols
based on the Bluetooth standard (including the Classic Bluetooth, Bluetooth high
speed and Bluetooth low energy protocols and including the Bluetooth v4.0, v4.1 and
v4.2 versions), or protocols based on the EnOcean standard (ISO/IEC 14543-3-10).

Integrated Analytics
[00188] In some implementations, the NC 500 uploads the information logged
by the data logger 802 (for example, as a CSV file) to the MC 400 on a periodic basis,
for example, every 24 hours. For example, the NC 500 can transmit a CSV file to the
MC 400 via the File Transfer Protocol (FTP) or another suitable protocol over an
Ethernet data link 316. In some such implementations, the status information can
then be stored in the database 320 or made accessible to applications over the

outward-facing network 310.

[00189] In some implementations, the NC 500 also can include functionality to
analyze the information logged by the data logger 802. For example, an analytics
module 906 can receive and analyze the raw information logged by the data logger
802 in real time. In various implementations, the analytics module 806 can be
programmed to make decisions based on the raw information from the data logger
802. In some other implementations, the analytics module 806 can communicate with
the database 320 to analyze the status information logged by the data logger 802 after
it is stored in the database 320. For example, the analytics module 806 can compare
raw values of electrical characteristics such as Vg, Vi and Ly with expected values
or expected ranges of values and flag special conditions based on the comparison.

For example, such flagged conditions can include power spikes indicating a failure
such as a short, an error, or damage to an ECD. In some implementations, the
analytics module 806 communicates such data to the tint determination module 810 or

to the power management module 812.

[00190] In some implementations, the analytics module 806 also can filter the
raw data received from the data logger 802 to more intelligently or efficiently store
information in the database 320. For example, the analytics module 806 can be

programmed to pass only “interesting” information to a database manager 808 for
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storage in the database 320. For example, interesting information can include
anomalous values, values that otherwise deviate from expected values (such as based
on empirical or historical values), or for specific periods when transitions are
happening. More detailed examples of how raw data can be filtered, parsed,
temporarily stored, and efficiently stored long term in a database are described in PCT
Patent Application No. PCT/US15/029675 (Attorney Docket No. VIEWP049X1WO)
filed May 7, 2015 and titted CONTROL METHOD FOR TINTABLE WINDOWS,

which is hereby incorporated by reference in its entirety and for all purposes.

Database Manager
[00191] In some implementations, the NC 500 includes a database manager
module (or “database manager”) 808 configured to store information logged by the
data logger 804 to a database on a periodic basis, for example, every hour, every few
hours or every 24 hours. In some implementations, the database can be an external
database such as the database 320 described above. In some other implementations,
the database can be internal to the NC 500. For example, the database can be
implemented as a time-series database such as a Graphite database within the
secondary memory 506 of the NC 500 or within another long term memory within the
NC 500. In some example implementations, the database manager 808 can be
implemented as a Graphite Daemon executing as a background process, task, sub-task
or application within a multi-tasking operating system of the NC 500. A time-series
database can be advantageous over a relational database such as SQL because a time-

series database is more efficient for data analyzed over time

[00192] In some implementations, the database 320 can collectively refer to
two or more databases, each of which can store some or all of the information
obtained by some or all of the NCs 500 in the network system 300. For example, it
can be desirable to store copies of the information in multiple databases for
redundancy purposes. In some implementations, the database 320 can collectively
refer to a multitude of databases, each of which is internal to a respective NC 500
(such as a Graphite or other times-series database). It also can be desirable to store
copies of the information in multiple databases such that requests for information
from applications including third party applications can be distributed among the
databases and handled more efficiently. In some such implementations, the databases

can be periodically or otherwise synchronized to maintain consistency.
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[00193] In some implementations, the database manager 808 also can filter data
received from the analytics module 806 to more intelligently or efficiently store
information in an internal or external database. For example, the database manager
808 can additionally or alternatively be programmed to store only “interesting”
information to a database. Again, interesting information can include anomalous
values, values that otherwise deviate from expected values (such as based on
empirical or historical values), or for specific periods when transitions are happening.
More detailed examples of how raw data can be filtered, parsed, temporarily stored,
and efficiently stored long term in a database are described in PCT Patent Application
No. PCT/US15/029675 (Attorney Docket No. VIEWP049X1WO) filed May 7, 2015
and titled CONTROL METHOD FOR TINTABLE WINDOWS, which is hereby

incorporated by reference in its entirety and for all purposes.

Tint Determination
[00194] In some implementations, the WC, NC 500 or the MC 400 includes
intelligence for calculating, determining, selecting or otherwise generating tint values
for the IGUs. For example, as similarly described above with reference to the MC
400 of Figure 7, a tint determination module 810 can execute various algorithms,
tasks or subtasks to generate tint values based on a combination of parameters. The
combination of parameters can include, for example, the status information collected
and stored by the data logger 802. The combination of parameters also can include
time or calendar information such as the time of day, day of year or time of season.
Additionally or alternatively, the combination of parameters can include solar
calendar information such as, for example, the direction of the sun relative to the
IGUs. The combination of parameters also can include the outside temperature
(external to the building), the inside temperature (within a room adjoining the target
IGUs), or the temperature within the interior volume of the IGUs. The combination
of parameters also can include information about the weather (for example, whether it
is clear, sunny, overcast, cloudy, raining or snowing). Parameters such as the time of
day, day of year, or direction of the sun can be programmed into and tracked by the
NC 500. Parameters such as the outside temperature, inside temperature or IGU
temperature can be obtained from sensors in, on or around the building or sensors
integrated on or within the IGUs. In some implementations, various parameters can
be provided by, or determined based on information provided by, various applications

including third party applications that can communicate with the NC 500 via an APL
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runs, can be programmed to provide the APL

[00195] In some implementations, the tint determination module 810 also can
determine tint values based on user overrides received via various mobile device
applications, wall devices or other devices. In some implementations, the tint
determination module 810 also can determine tint values based on commands or
instructions received various applications, including third party applications and
cloud-based applications. For example, such third party applications can include
various monitoring services including thermostat services, alert services (for example,
fire detection), security services or other appliance automation services. Additional
examples of monitoring services and systems can be found in PCT/US2015/019031
(Attorney Docket No. VIEWP061WO) filed S March 2015 and titled MONITORING
SITES CONTAINING SWITCHABLE OPTICAL DEVICES AND
CONTROLLERS. Such applications can communicate with the tint determination
module 810 and other modules within the NC 500 via one or more APIs. Some
examples of APIs that the NC 500 can enable are described in PCT Patent Application
No. PCT/US15/64555 (Attorney Docket No. VIEWP073WO) filed December 8, 2015
and titted MULTIPLE INTERFACING SYSTEMS AT A SITE.

Power Management
[00196] As described above, the analytics module 806 can compare values of
Vig, Vaer and Ly as well as sensor data either obtained in real time or previously
stored within the database 320 with expected values or expected ranges of values and
flag special conditions based on the comparison. The analytics module 806 can pass
such flagged data, flagged conditions or related information to the power management
812. For example, such flagged conditions can include power spikes indicating a
short, an error, or damage to an ECD. The power management module 812 can then
modify operations based on the flagged data or conditions. For example, the power
management module 812 can delay tint commands until power demand has dropped,
stop commands to troubled WCs (and put them in idle state), start staggering

commands to WCs, manage peak power, or signal for help.
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Conclusion

[00197] In one or more aspects, one or more of the functions described herein
may be implemented in hardware, digital electronic circuitry, analog electronic
circuitry, computer software, firmware, including the structures disclosed in this
specification and their structural equivalents thereof, or in any combination thereof.
Certain implementations of the subject matter described in this document also can be
implemented as one or more controllers, computer programs, or physical structures,
for example, one or more modules of computer program instructions, encoded on a
computer storage media for execution by, or to control the operation of window
controllers, network controllers, and/or antenna controllers. Any disclosed
implementations presented as or for electrochromic windows can be more generally

implemented as or for switchable optical devices (including windows, mirrors, etc.).

[00198] Various modifications to the embodiments described in this disclosure
may be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other implementations without departing from the spirit or
scope of this disclosure. Thus, the claims are not intended to be limited to the
implementations shown herein, but are to be accorded the widest scope consistent
with this disclosure, the principles and the novel features disclosed herein.
Additionally, a person having ordinary skill in the art will readily appreciate, the
terms “upper” and “lower” are sometimes used for ease of describing the figures, and
indicate relative positions corresponding to the orientation of the figure on a properly
oriented page, and may not reflect the proper orientation of the devices as

implemented.

[00199] Certain features that are described in this specification in the context of
separate implementations also can be implemented in combination in a single
implementation. Conversely, various features that are described in the context of a
single implementation also can be implemented in multiple implementations
separately or in any suitable subcombination. Moreover, although features may be
described above as acting in certain combinations and even initially claimed as such,
one or more features from a claimed combination can in some cases be excised from
the combination, and the claimed combination may be directed to a subcombination

or variation of a subcombination.
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[00200] Similarly, while operations are depicted in the drawings in a particular
order, this does not necessarily mean that the operations are required to be performed
in the particular order shown or in sequential order, or that all illustrated operations be
performed, to achieve desirable results. Further, the drawings may schematically
depict one more example processes in the form of a flow diagram. However, other
operations that are not depicted can be incorporated in the example processes that are
schematically illustrated. For example, one or more additional operations can be
performed before, after, simultaneously, or between any of the illustrated operations.
In certain circumstances, multitasking and parallel processing may be advantageous.
Moreover, the separation of various system components in the implementations
described above should not be understood as requiring such separation in all
implementations, and it should be understood that the described program components
and systems can generally be integrated together in a single software product or
packaged into multiple software products. Additionally, other implementations are
within the scope of the following claims. In some cases, the actions recited in the

claims can be performed in a different order and still achieve desirable results.

[00201] Certain documents are incorporated by reference herein. It should be
understood that any disclaimers or disavowals made in such documents do not
necessarily apply to the present embodiments. Similarly, features which are described

as necessary in such documents may or may not be used in the present embodiments.
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CLAIMS

What is claimed is:

1. A method of controlling an optical state of an optically switchable device, the

method comprising:

(a) receiving a voice command or a gesture command from a user, the voice
command or gesture command conveying information for changing the optical state

of the optically switchable device to a desired optical state;

(b) using voice recognition or gesture recognition to convert the voice command or

gesture command, respectively, into a text command,

(c) analyzing the text command from (b) to interpret the voice command or gesture

command from the user in (a); and

(d) executing the text command to cause the optically switchable device to transition

to the desired optical state.

2. The method of claim 1, further comprising:

(e) generating a response to the user indicating whether the voice command or gesture

command made in (a) is occurring.
3. The method of claim 1 or 2, further comprising:

(f) confirming whether the user is authorized to execute the voice command or gesture

command received in (a).

4. The method of any of claims 1-3, wherein the method is implemented on a
network of optically switchable devices, and wherein the method is implemented to

control the optical state of a plurality of optically switchable devices on the network.

5. The method of any of claims 1-4, wherein the voice command or gesture
command from the user in (a) describes the desired optical state based on a relative

comparison to a starting optical state of the optically switchable device.
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6. The method of claim 5, wherein the voice command or gesture command from
the user in (a) indicates that the optically switchable device should become darker or

lighter.

7. The method of claim 5, wherein the voice command or gesture command from
the user in (a) indicates that the optically switchable device should become more

opaque or less opaque.

8. The method of claim 5, wherein the voice command or gesture command from
the user in (a) indicates that the optically switchable device should become more

reflective or less reflective.

0. The method of any of claims 1-8, wherein the voice command or gesture
command from the user in (a) indicates that a step change should be made to the

optical state of the optically switchable device.

10.  The method of any of claims 1-4, wherein the voice command or gesture
command from the user in (a) describes the desired optical state as a distinct optical
state of the optically switchable device, without reference to a starting optical state of

the optically switchable device.

11.  The method of any of claims 1-10, wherein the voice command or gesture
command from the user in (a) is a voice command instructing the optically switchable

device to switch to the desired optical state according to one or more rules.

12. The method of claim 11, wherein the rule relates to a schedule and the voice
command instructs the optically switchable device to switch to the desired optical

state at a scheduled time.

13. The method of claim 11, wherein the rule relates to weather and the voice
command instructs the optically switchable device to switch to the desired optical

state if a particular weather condition occurs.

14. The method of claim 11, wherein the optically switchable device is installed in
a building, wherein the rule relates to environmental conditions within the building,
wherein the voice command instructs the optically switchable device to switch to the
desired optical state if an internal condition within the building occurs.
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15. The method of claim 14, wherein the internal condition within the building

relates to a temperature within the building.

16. The method of any of claims 1-15, wherein each of (a)-(d) occur locally on
one or more controllers installed in a building in which the optically switchable

device is installed.

17. The method of claim 16, wherein each of (a)-(d) occur locally on one or more

controllers installed onboard the optically switchable device.

18. The method of any of claims 1-15, wherein (c) occurs on a processor that is

located remotely from a building in which the optically switchable device is installed.

19.  The method of any of claims 1-10 or 16-18, wherein the voice command or

gesture command from the user in (a) comprises a gesture command.

20. The method of claim 19, wherein the user identifies the optically switchable
device by pointing at it.

21.  The method of any of claims 1-20, wherein the method involves interpreting
both the gesture command and the voice command, the gesture command identifying
which optically switchable device the user desires to control, and the voice command

indicating the desired optical state for the optically switchable device.

22. The method of any of claims 1-21, wherein (b) comprises using two or more
dictionaries to convert the voice command or gesture command into the text
command, wherein a first dictionary is used when converting a first portion of the
voice command or gesture command, and a second dictionary is used when

converting a second portion of the voice command or gesture command.

23. The method of any of claims 1-22, wherein (c¢) comprises using two or more
dictionaries to analyze the text command, wherein a third dictionary is used when
analyzing a first portion of the text command and a fourth dictionary is used when

analyzing a second portion of the text command.
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24, A system for controlling an optical state of an optically switchable device in
response to a voice command or gesture command from a user, the system

comprising:

(a) at least one element selected from the group consisting of: a microphone, a video

camera, and a motion sensor;

(b) a controller communicatively coupled with the optically switchable device and

configured to control the optical state of the optically switchable device;

(c) either (i) a voice recognition module configured to convert the voice command to
a text command, or (i1) a gesture recognition module configured to convert the gesture

command to the text command,

wherein the voice command is perceived by the microphone and/or wherein

the gesture command is perceived by the video camera and/or by the motion sensor;

(d) a command processing module configured to interpret the text command

generated by the voice recognition module or gesture recognition module; and

(e) a command execution module configured to execute the interpreted text command

from the command processing module.

25. The system of claim 24, further comprising:

(f) a response generation module configured to generate a response to the user; and

(g) a response communication module configured to communicate the response to the

user, wherein the response is communicated to the user visually and/or aurally.

26. The system of claim 24 or 25, further comprising:

(h) an authentication module configured to confirm whether the user is authorized to
control the optically switchable device as requested in the voice command or gesture

command from the user.
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27.  The system of claim 26, wherein the authentication module is configured to
authorize the user for a particular duration, and to request an additional authorization

after the particular duration has passed.

28.  The system of claim 26 or 27, wherein the authentication module confirms

whether the user is authorized by requiring the user to log in with a passcode.

29.  The system of claim 26 or 27, wherein the authentication module confirms

whether the user is authorized by using facial recognition to identify the user.

30.  The system of claim 26 or 27, wherein the authentication module confirms

whether the user is authorized by using voice recognition to identify the user.

31.  The system of any of claims 26 or 28-30, wherein the authentication module is
configured to confirm whether the user is authorized each time the user provides a

new voice command or a new gesture command.

32.  The system of any one of claims 26-31, wherein the authentication module
influences which dictionary or dictionaries are used in the voice recognition module,

the gesture recognition module, and/or the command processing module.

33.  The system of any one of claims 24-32, wherein the microphone, video

camera, and/or motion sensor are provided onboard the optically switchable device.

34.  The system of any one of claims 24-33, wherein the microphone, video
camera, and/or motion sensor are provided on an electronic device that communicates

with the optically switchable device.

35. The system of claim 34, wherein the electronic device is a smartphone, tablet,

laptop, personal computer, fitness device, watch, or wall unit.

36. The system of claim 34, wherein the gesture command is perceived by the
motion sensor, and wherein the motion sensor comprises one or more accelerometers,

gyroscopes, and/or magnetometers.
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37.  The system of any of claims 24-36, wherein the system is configured to
control the optical state of a plurality of optically switchable devices each installed on

a network.

38. A method of querying a control system of an electrochromic device, the

method comprising:

(a) receiving a query from a user, wherein the query is provided in spoken form, and
wherein the query is received by a device that is part of the control system for the

electrochromic device;

(b) using voice recognition to convert the query into a text query;

(c) analyzing the text query from (b) to interpret the query from the user in (a);

(d) determining an answer to the query; and

(e) providing the answer to the user.

39. The method of claim 38, wherein the answer is provided to the user in (e) by
(1) displaying the answer so that the user can perceive the answer visually, and/or (i)

reciting the answer so that the user can perceive the answer aurally.

40. The method of claim 38, wherein the query relates to the electrochromic
device.
41. The method of claim 40, wherein the query relates to a current optical state of

the electrochromic device and/or to an ongoing optical transition on the

electrochromic device.

42. The method of claim 40, wherein the query relates to a future optical state of
the electrochromic device and/or to a future optical transition on the electrochromic

device.

43.  The method of claim 38, wherein determining the answer to the query in

operation (d) comprises searching the Internet to determine the answer.
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