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(57) Abstract: Hazard detection systems and methods according to embodiments described herein are operative to enable a user to
interface with the hazard detection system by performing a touchless gesture. The touchless gesture can be performed in a vicinity of

o the hazard detection system without requiring physical access to the hazard detection system. This enables the user to interact with
the hazard detection system even if it is out of reach. The hazard detection system can detect gestures and perform an appropriate ac -
tion responsive to the detected gesture. In one embodiment, the hazard detection system can silence its audible alarm or pre-empt -
ively turn off its audible alarm in response to a detected gesture. Gestures can be detected by processing sensor data to determine
whether periodic shapes are detected.



SYSTEMS AND METHODS FOR DETECTING

GESTURE EVENTS IN A HAZARD DETECTION SYSTEM

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This patent application claims priority to each of U.S. Provisional Patent

Application Nos. 61/847,960, filed July 18, 2013, and 61/889,013, filed October 9, 2013.

Each of the above-referenced patent applications is incorporated by reference in its entirety

for all purposes.

TECHNICAL FIELD

[0002] This patent specification relates to systems and methods for detecting gesture events

with a hazard detection system. More particularly, this patent specification relates to systems

and methods for detecting patterns in data that potentially represent gesture events.

BACKGROUND

[0003] Hazard detection systems such as smoke detectors, carbon monoxide detectors,

combination smoke and carbon monoxide detectors, as well as systems for detecting other

dangerous conditions have been used in residential, commercial, and industrial settings for

safety considerations. Wlien these systems detect the presence of a dangerous condition, they

often sound an audible alarm. The alarm is often characterized as having an extremely loud

or ear piercing sound, and can be unpleasant or very uncomfortable to a human listener.

Some hazard detectors may permit a user to press a button located on the cover of the unit,

sometimes termed a hush button or temporary silence button, w en they know an alarm to be

caused by a non-emergency situation, such as smoke from cooking. Wlien the hush button or

temporary silence button is pressed, the audible alarm noise is temporarily silenced for a

predetermined interval of time, such as in the range of four to ten minutes, during which the

user has an opportunity to address the situation, such as by opening a window, wdthout being

required to endure the ear-piercing sound of the alarm. If the condition persists at the end of

the predetermined interval of time, then the audible alarm noise resumes. One issue that can



arise in many practical situations is that the hazard detector unit is mounted high on a wall or

on a ceiling that is out of the reach of the user, leading many users to seek out a ladder, chair,

or broomstick in order to press the hush button or temporary silence button, which can lead to

inconvenient, impractical, and/or unsafe scenarios. Other issues arise as would be apparent to

a person skilled in the art in view of the instant disclosure.

SUMMARY

[0004] Hazard detection systems and methods according to embodiments described herein

are operative to enable a user to interface with the hazard detection system by performing a

touchless gesture. The touchless gesture can be performed in a vicinity of the hazard

detection system without requiring the user to physically touch the hazard detection system.

This enables the user to interact with the hazard detection system even if it is out of reach.

The hazard detection system can detect gestures and perform an appropriate action responsive

to the detected gesture. In one embodiment, the hazard detection system can silence its

audible alarm in response to a detected gesture. In another embodiment, the hazard detection

system can pre-emptively turn off its audible alarm in response to a detected gesture. For

example, a user may wish to pre-emptively prevent an audible alarm from sounding if she is

performing an activity (e.g., cooking) that may result in an alarm event, but an alarm event

that is not necessarily warranted.

[0005] Gestures can be detected using gesture detection circuitry and methods according to

various embodiments. The gesture detection circuitry can use one more sensors to detect one

or more objects that may be performing a gesture. In one embodiment, gestures can be

detected using a motion detector such as a passive infrared sensor. In another embodiment,

gestures can be detected using a motion detector in combination with one or more ultrasonic

sensors.

[0006] In one embodiment, a method for processing a gesture to alter a state of a hazard

detection system may be provided. The method can include confirming presence of a least

one object in at least one ultrasonic detection field, processing passive infrared (PIR) data

being received while the at least one object is confirmed present in the at least one ultrasonic

detection field. The processing can determine determining whether a periodic pattern exists



in a sample set of the PIR data. The method can include selectively altering a state of the

hazard detection system when at least one periodic pattern is determined to exist.

[0007] In another embodiment, a hazard detection system is provided. The system can

include at least one hazard detection sensor, circuitry operative to sound an audible alarm in

response to a hazard event detected by the at least one hazard detection sensor, a passive

infrared (PIR) sensor that detects movement of at least one object, and control circuitry. The

control circuitry may be operative to receive data acquired by the PIR sensor, and use a shape

matching algorithm to determine if a gesture event exists in the received data.

[0008] In one embodiment, a method for detecting a user gesture is provided. The method

can be implemented by a hazard detection system and can include receiving passive infrared

red (PIR) signals from a PIR sensor, and selecting a window, wherein the window defines a

sample set of received PIR signals used to detect gesture events. The method can include

calculating a non-wave score for the sample set, calculating a wave score for the sample set,

scaling the non-wave score by a constant, and determining whether a difference between the

scaled non-wave score and the wave score exceeds a threshold, wherein when the difference

exceeds the threshold, a gesture pattern is detected in the sample set.

[0009] A further understanding of the nature and advantages of the embodiments discussed

herein may be realized by reference to the remaining portions of the specification and the

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a diagram of an enclosure with a hazard detection system, according to

some embodiments;

[0011] FIG. 2 shows an illustrative block diagram of a hazard detection system being used

in an illustrative enclosure, according to some embodiments;

[0012] FIG. 3 shows an illustrative circuit schematic of a hazard detection system,

according to some embodiments;



[0013] FIGS. 4A-4E show different views of a hazard detection system along with its

illustrative positioning of several interface sensors, according to some embodiments;

[0014] FIG. 5A shows illustrative detection fields emanating from interface sensors of

hazard detection system mounted in a first position, according to some embodiments;

[0015] FIG. 5B shows illustrative detection fields emanating from interface sensors of

hazard detection system mounted in a second position, according to some embodiments;;

[0016] FIGS. 6A-6D show illustrative snapshots in time in which a person uses a gesture to

silence an audible alarm, according to some embodiment;

[0017] FIG. 7 shows an illustrative timing diagram of various components of a hazard

detection system, according to some embodiments;

[0018] FIG. 8 shows an illustrative detection field for a PIR sensor, according to some

embodiments;

[0019] FIGS. 9A-9D show several different illustrative graphs showing PIR sensor data

according to some embodiments;

[0020] FIG. 0 shows illustrative waveforms of raw and filtered PIR data, according to

some embodiments;

[0021] FIG. shows an illustrative process in which a hazard detection system silences an

audible alarm in response to monitoring a gesture, according to some embodiments;

[0022] FIG. shows illustrative wave diagrams that may form the calibration basis of two

different ultrasonic sensors according to an example scenario;

[0023] FIG. 3 shows illustrative wave diagrams according to an example scenario;

[0024] FIGS. 14A-14C show an illustrative process for operating a hazard detection system

with gesture hush capability, according to some embodiments;

[0025] FIG. 5 shows an illustrative process in which a hazard detection system silences an

audible alarm in response to monitoring a gesture, according to some embodiments;



[0026] FIG. 6 shows an illustrative process for operating a hazard detection system

equipped with at least one ultrasonic sensor, according to some embodiments; and

[0027] FIG. 7 shows an illustrative process for operating a hazard detection system

equipped with a PIR sensor and at least one ultrasonic sensor, according to some

embodiments;

[0028] FIG. 8 shows an exemplary calibration matrix, according to some embodiments;

[0029] FIG. A shows an illustrative waveform that can represent distances detected by

one of the ultrasonic sensors over time, according to some embodiments;

[0030] FIG. 19B shows a derivative waveform of the waveform of FIG. 19A, according to

some embodiments;

[0031] FIG. 20 shows an illustrative gesture waveform, which may represent a wave

gesture, according to some embodiments;

[0032] FIG. shows illustrative buffer containing gesture waveforms, according to some

embodiments;

[0033] FIG. 22 illustrates a timing diagram of a PIR waveform according to an

embodiment;

[0034] FIG. 23 shows an illustrative waveform of PIR waveform according to an

embodiment;

[0035] FIG. 24 shows an illustrative PIR waveform sampling within a window, and several

different waving periods according to an embodiment; and

[0036] FIG. 25 shows an illustrative flowchart of steps that may be executed by a shape

matching algorithm according to an embodiment.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0037] In the following detailed description, for purposes of explanation, numerous specific

details are set forth to provide a thorough understanding of the various embodiments. Those



of ordinaiy skill in the art will realize that these various embodiments are illustrative only and

are not intended to be limiting in any way. Other embodiments will readily suggest

themselves to such skilled persons having the benefit of this disclosure.

[0038] In addition, for clarity purposes, not all of the routine features of the embodiments

described herein are shown or described. One of ordinaiy skill in the art would readily

appreciate that in the development of any such actual embodiment, numerous embodiment-

specific decisions may be required to achieve specific design objectives. These design

objectives will vary from one embodiment to another and from one developer to another.

Moreover, it will be appreciated that such a development effort might be complex and time-

consuming but would nevertheless be a routine engineering undertaking for those of ordinary

skill in the art having the benefit of this disclosure.

[0039] It is to be appreciated that while one or more hazard detection embodiments are

described further herein in the context of being used in a residential home, such as a single-

family residential home, the scope of the present teachings is not so limited. More generally,

hazard detection systems are applicable to a wide variety of enclosures such as, for example,

duplexes, townhomes, multi-unit apartment buildings, hotels, retail stores, office buildings,

and industrial buildings. Further, it is understood that while the terms user, customer,

installer, homeowner, occupant, guest, tenant, landlord, repair person, and the like may be

used to refer to the person or persons who are interacting with the hazard detector in the

context of one or more scenarios described herein, these references are by no means to be

considered as limiting the scope of the present teachings with respect to the person or persons

who are performing such actions.

[0040] FIG. 1 is a diagram illustrating an exemplary enclosure 00 using hazard detection

system 105, remote hazard detection system 107, thermostat 0, remote thermostat 112,

heating, cooling, and ventilation (HVAC) system 120, router 122, computer 124, and central

panel 30 in accordance with some embodiments. Enclosure 100 can be, for example, a

single-family dwelling, a duplex, an apartment within an apartment building, a warehouse, or

a commercial structure such as an office or retail store. Hazard detection system 05 can be

battery powered, line powered, or be line powered with a batteiy backup. Hazard detection

system 105 can include one or more processors, multiple sensors, non-volatile storage, and



other circuitry to provide desired safety monitoring and user interface features. Some user

interface features may only be available in line powered embodiments due to physical

limitations and power constraints. In addition, some features common to both line and

battery powered embodiments may be implemented differently. Hazard detection system 105

can include the following power consuming components: low power wireless personal area

network (LoWPAN) circuitry, a system processor, a safety processor, non-volatile memory

(e.g., Flash), WiFi circuitry, an ambient light sensor (ALS), a smoke sensor, a carbon

monoxide (CO) sensor, one or more temperature sensors, one or more ultrasonic sensors, a

passive infra-red (PIR) sensor, a speaker, one or more LED's, and a buzzer. It is understood

multiple instances of the same component may exist, whereas other components may only

exist in one instance.

[0041] Hazard detection system 5 can monitor environmental conditions associated with

enclosure 00 and alarm occupants when an environmental condition exceeds a

predetermined threshold. The monitored conditions can include, for example, smoke, heat,

humidity, carbon monoxide, carbon dioxide, radon, and other gasses. In addition to

monitoring the safety of the environment, hazard detection system 5 can provide several

user interface features not found in conventional alarm systems. These user interface features

can include, for example, vocal alarms, voice setup instructions, cloud communications (e.g.

push monitored data to the cloud, or push notifications to a mobile phone, receive commands

from the cloud such as a hush command), device-to-device communications (e.g.,

communicate with other hazard detection systems in the enclosure), visual safety indicators

(e.g., display of a green light indicates it is safe and display of a red light indicates danger),

tactile and non-tactile input command processing, and software updates.

[0042] It should be understood that hazard detection system 105 may be implemented as a

smart home device. Thus, although the discussion of the hazard detection system is described

primarily with reference to specific hazards (e.g., smoke, CO, heat), the hazard detection

system may provide additional features and functionality unrelated to those hazards. For

example, the hazard detection system may monitor many different conditions. These

conditions can include motions, sounds, and smells. These conditions can also include data

supplied by remote sensors (e.g., armbands, door sensors, window sensors, personal media

devices).



[0043] Hazard detection system 105 can implement multi-criteria state machines according

to various embodiments described herein to provide advanced hazard detection and advanced

user interface features such as pre-alarms. In addition, the multi-criteria state machines can

manage alarming states and pre-alarming states and can include one or more sensor state

machines that can control the alarming states and one or more system state machines that

control the pre-alarming states. Each state machine can transition among any one of its states

based on sensor data values, hush events, and transition conditions. The transition conditions

can define how a state machine transitions from one state to another, and ultimately, how

hazard detection system 105 operates. Hazard detection system 105 can use a dual processor

arrangement to execute the multi-criteria state machines according to various embodiments.

The dual processor arrangement enables hazard detection system 05 to manage the alarming

and pre-alarming states in a manner that uses minimal power while simultaneously providing

relatively failsafe hazard detection and alarming functionality. Additional details of multi-

criteria state machines can be found, for example, in commonly assigned, co-pending U.S.

Patent Application No. / , filed concurrently herewith (Attorney Docket number

GP-5743-00-US),, entitled "Systems and Methods for Multi-Criteria Alarming," the

disclosure of which is incorporated by reference herein its entirety.

[0044] Enclosure 100 can include any number of hazard detection systems. For example,

as shown, hazard detection system 07 is another hazard detection system, which may be

similar to system 105. In one embodiment, both systems 105 and 7 can be battery powered

systems. In another embodiment, system 5 may be line powered, and system 107 may be

battery powered. Moreover, a hazard detection system can be installed outside of enclosure

100.

[0045] Thermostat 0 can be one of several thermostats that controls H AC system 0.

Thermostat 0 can be referred to as the "primary" thermostat because it is electrically

connected to actuate all or part of an HVAC system, by virtue of an electrical connection to

HVAC control wires (e.g. W, G, Y, etc .) leading to HVAC system 120. Thermostat 0 can

include one or more sensors to gather data from the environment associated with enclosure

00. For example, a sensor may be used to detect occupancy, temperature, light and other

environmental conditions within enclosure 100. Remote thermostat 2 can be referred to as

an "auxiliary" thermostat because it may not be electrically connected to actuate HVAC



system 120, but it too may include one or more sensors to gather data from the environment

associated with enclosure 100 and can transmit data to thermostat 110 via a wired or wireless

link. For example, thermostat 112 can wirelessly communicate with and cooperates with

thermostat 0 for improved control of HVAC system 120. Thermostat 12 can provide

additional temperature data indicative of its location within enclosure 100, provide additional

occupancy information, or provide another user interface for the user (e.g., to adjust a

temperature setpoint).

[0046] Hazard detection systems 105 and 107 can communicate with thermostat 1 0 or

thermostat 2 via a wired or wireless link. For example, hazard detection system 105 can

wirelessly transmit its monitored data (e.g., temperature and occupancy detection data) to

thermostat 1 0 so that it is provided with additional data to make better informed decisions in

controlling HVAC system 120. Moreover, in some embodiments, data may be transmitted

from one or more of thermostats 0 and 2 to one or more of hazard detections systems

105 and 07 via a wired or wireless link.

[0047] Central panel 30 can be part of a security system or other master control system of

enclosure 100. For example, central panel 130 may be a security system that may monitor

windows and doors for break-ins, and monitor data provided by motion sensors. In some

embodiments, central panel 1 0 can also communicate with one or more of thermostats 0

and 1 2 and hazard detection systems 105 and 107. Central panel 130 may perform these

communications via wired link, wireless link, or a combination thereof. For example, if

smoke is detected by hazard detection system 105, central panel 1 0 can be alerted to the

presence of smoke and make the appropriate notification, such as displaying an indicator that

a particular zone within enclosure 100 is experiencing a hazard condition.

[0048] Enclosure 100 may further include a private network accessible both wirelessly and

through wired connections and may also be referred to as a Local Area Network or LAN.

Network devices on the private network can include hazard detection systems 105 and 107,

thermostats 0 and 1 2, computer 124, and central panel 130. In one embodiment, the

private network is implemented using router 122, which can provide routing, wireless access

point functionality', firewall and multiple wired connection ports for connecting to various

wired network devices, such as computer 124. Wireless communications between router 122



and networked devices can be performed using an 802.1 protocol. Router 122 can further

provide network devices access to a public network, such as the Internet or the Cloud,

through a cable-modem, DSL modem and an Internet service provider or provider of other

public network service. Public networks like the Internet are sometimes referred to as a

Wide-Area Network or WAN.

[0049] Access to the Internet, for example, may enable networked devices such as system

05 or thermostat 0 to communicate with a device or server remote to enclosure 100. The

remote server or remote device can host an account management program that manages

various networked devices contained within enclosure 100. For example, in the context of

hazard detection systems according to embodiments discussed herein, system 105 can

periodically upload data to the remote server via router 122. In addition, if a hazard event is

detected, the remote server or remote device can be notified of the event after system 105

communicates the notice via router 122. Similarly, system 105 can receive data (e.g.,

commands or software updates) from the account management program via router 122.

[0050] Hazard detection system 5 can operate in one of several different power

consumption modes. Each mode can be characterized by the features performed by system

105 and the configuration of system 105 to consume different amounts of power. Each

power consumption mode corresponds to a quantity of power consumed by hazard detection

system 105, and the quantity of power consumed can range from a lowest quantity to a

highest quantity. One of the power consumption modes corresponds to the lowest quantity of

power consumption, and another power consumption mode corresponds to the highest

quantity of power consumption, and all other power consumption modes fall somewhere

between the lowest and the highest quantities of power consumption. Examples of power

consumption modes can include an Idle mode, a Log Update mode, a Software Update mode,

an Alarm mode, a Pre-Alarm mode, a Hush mode, and a Night Light mode. These power

consumption modes are merely illustrative and are not meant to be limiting. Additional or

fewer power consumption modes may exist. Moreover, any definitional characterization of

the different modes described herein is not meant to be all inclusive, but rather, is meant to

provide a general context of each mode.



[0051] FIG. 2 shows an illustrative block diagram of hazard detection system 205 being

used in an illustrative enclosure 200 in accordance with some embodiments. FIG. 2 also

shows optional hazard detection system 207 and router 222. Hazard detection systems 205

and 207 can be similar to hazard detection systems 105 and 07 in FIG. 1, enclosure 200 can

be similar to enclosure 00 in FIG. , and router 222 can be similar to router 122 in FIG. .

Hazard detection system 205 can include several components, including system processor

210, high-power wireless communications circuitry 212 and antenna, low-power wireless

communications circuitiy 214 and antenna, non-volatile memory 216, speaker 218, sensors

220, which can include one or more safety sensors 221 and one or more non-safety sensors

222, safety processor 230, alarm 234, power source 240, power conversion circuitiy 242,

high quality power circuitry 243, and power gating circuitry 244. Hazard detection system

205 is operative to provide failsafe safety detection features and user interface features using

circuit topology and power budgeting methods that minimize power consumption. The

components of system 205 and an exemplary circuit topology are discussed in connection

with FIGS. 2 and 3, and methods and circuitry for detecting gestures are discussed in

connection with FIGS. 4-25.

[0052] Hazard detection system 205 can use a bifurcated processor circuit topology for

handling the features of system 205. Both system processor 210 and safety processor 230 can

exist on the same circuit board within system 205, but perform different tasks. System

processor 2 0 is a larger more capable processor that can consume more power than safety

processor 230. That is, when both processors 2 0 and 230 are active, processor 210

consumes more power than processor 230. Similarly, when both processors are inactive,

processor 210 still consumes more power than processor 230. System processor 210 can be

operative to process user interface features and monitor interface sensors 220. For example,

processor 210 can direct wireless data traffic on both high and low power wireless

communications circuitry 212 and 214, access non-volatile memory 216, communicate with

processor 230, and cause audio to be emitted from speaker 218. As another example,

processor 210 can monitor interface sensors 220 to determine whether any actions need to be

taken (e.g., shut off a blaring alarm in response to a user detected action to hush the alarm).

[0053] Safety processor 230 can be operative to handle safety related tasks of system 205,

or other types of tasks that involve monitoring environmental conditions (such as



temperature, humidity, smoke, carbon monoxide, movement, light intensity, etc.) exterior to

the hazard detection system 205. Safety processor 230 can poll one or more of sensors 220

and activate alarm 234 when one or more of sensors 220 indicate a hazard event is detected.

Processor 230 can operate independently of processor 210 and can activate alarm 234

regardless of what state processor 210 is in. For example, if processor 210 is performing an

active function (e.g., perforating a WiFi update) or is shut down due to power constraints,

processor 230 can activate alarm 234 when a hazard event is detected. In some

embodiments, the software running on processor 230 may be permanently fixed and may

never be updated via a software or firmware update after system 205 leaves the factory.

[0054] Compared to processor 210, processor 230 is a less power consuming processor.

Thus by using processor 230 in lieu of processor 210 to monitor a subset of sensors 220

yields a power savings. If processor 210 were to constantly monitor sensors 220, the power

savings may not be realized. In addition to the power savings realized by using processor

230 for monitoring the subset of sensors 220, bifurcating the processors also ensures that the

safety monitoring and core alarming features of system 205 will operate regardless of

whether processor 210 is functioning. By way of example and not by way of limitation,

system processor 210 may comprise a relatively high-powered processor such as Freescale

Semiconductor K60 Microcontroller, while safety processor 230 may comprise a relatively

low-powered processor such as a Freescale Semiconductor KL15 Microcontroller. Overall

operation of hazard detection system 205 entails a judiciously architected functional overlay

of system processor 210 and safety processor 230, with system processor 210 performing

selected higher-level, advanced functions that may not have been conventionally associated

with hazard detection units (for example: more advanced user interface and communications

functions; various computationally-intensive algorithms to sense patterns in user behavior or

patterns in ambient conditions; algorithms for governing, for example, the brightness of an

LED night light as a function of ambient brightness levels; algorithms for governing, for

example, the sound level of an onboard speaker for home intercom functionality; algorithms

for governing, for example, the issuance of voice commands to users; algorithms for

uploading logged data to a central server; algorithms for establishing network membership;

algorithms for facilitating updates to the programmed functionality of one or more elements

of the hazard detection system 205 such as the safety processor 230, the high power wireless



communications circuitry 2 12, the low power wireless communications circuitry 214, the

system processor 210 itself, etc., and so forth), and with safety processor 230 performing the

more basic functions that may have been more conventionally associated with hazard

detection units (e.g. , smoke and CO monitoring, actuation of shrieking/buzzer alarms upon

alarm detection). By way of example and not by way of limitation, system processor 2 0

may consume on the order of 8 mW when it is in a relatively high-power active state and

performing one or more of its assigned advanced functionalities, whereas safety processor

230 may only consume on the order of 0.05 mW when it is performing its basic monitoring

functionalities. However, again by way of example and not by way of limitation, system

processor 210 may consume only on the order of 0.005 mW when in a relatively low-power

inactive state, and the advanced functions that it performs are judiciously selected and timed

such the system processor is in the relatively high power active state only about 0.05% of the

time, and spends the rest of the time in the relatively low-power inactive state. Safety

processor 230, while only requiring an average power draw of 0.05 mW when it is

performing its basic monitoring functionalities, should of course be performing its basic

monitoring functionalities 100% of the time. According to one or more embodiments, the

judiciously architected functional overlay of system processor 210 and safety processor 230

is designed such that hazard detection system 205 can perform basic monitoring and

shriek/buzzer alarming for hazard conditions even in the event that system processor 2 0 is

inactivated or incapacitated, by virtue of the ongoing operation of safety processor 230.

Therefore, while system processor 2 0 is configured and programmed to provide many

different capabilities for making hazard detection unit 205 an appealing, desirable, updatable,

easy-to-use, intelligent, network-connected sensing and communications node for enhancing

the smart-home environment, its functionalities are advantageously provided in the sense of

an overlay or adjunct to the core safety operations governed by safety processor 230, such

that even in the event there are operational issues or problems with system processor 2 0 and

its advanced functionalities, the underlying safety-related purpose and functionality of

hazard detector 205 by virtue of the operation of safety processor 230 will continue on, with

or without system processor 210 and its advanced functionalities.

[0055] High power wireless communications circuitry 212 can be, for example, a Wi-Fi

module capable of communicating according to any of the 802. protocols. For example,



circuitry 2 2 may be implemented using Broadcom part number BCM43362, available in a

module from Murata. Depending on an operating mode of system 205, circuitry 212 can

operate in a low power "sleep" state or a high power "active" state. For example, when

system 205 is in an Idle mode, circuitry 212 can be in the "sleep" state. When system 205 is

in a non-Idle mode such as Wi-Fi update mode, software update mode, or alarm mode,

circuitry 212 can be in an active state. For example, when system 205 is in an active alarm

mode, high power circuitry 212 may communicate with router 222 so that a message can be

sent to a remote server or device.

[0056] Low power wireless communications circuitry 214 can be a low power Wireless

Personal Area Network (6LoW PAN) module or a ZigBee module capable of communicating

according to a 802.15.4 protocol. For example, in one embodiment, circuitry 214 can be part

number EM357 SoC available from Silicon Laboratories. Depending on the operating mode

of system 205, circuitry 214 can operate in a relatively low power "listen" state or a relatively

high power "transmit" state. When system 205 is in the Idle, WiFi update, or software update

modes, circuitry 214 can be in the "listen" state. When system 205 is in the Alarm mode,

circuitry 214 can transmit data so that the low power wireless communications circuitry in

system 207 can receive data indicating that system 205 is alarming. Thus, even though it is

possible for high power wireless communications circuitry 212 to be used for listening for

alarm events, it is more power efficient to use low power circuitry 214 for this purpose.

Power savings is further realized when several hazard detection systems or other systems

having low power circuitry 2 4 form an interconnected wireless network.

[0057] Power savings is also realized because in order for low power circuitry 2 4 to

continually listen for data transmitted from other low power circuitry, circuitry 214 must

constantly be operating in its "listening" state. This state consumes power, and although it

may consume more power than high power circuitry 212 operating in its sleep state, the

power saved versus having to periodically activate high power circuitry 214 is substantial.

When high power circuitry 212 is in its active state and low power circuitry 214 is in its

transmit state, high power circuitry 212 consumes substantially more power than low power

circuitry 214.



[0058] In some embodiments, low power wireless communications circuitry 4 can be

characterized by its relatively low power consumption and its ability to wirelessly

communicate according to a first protocol characterized by relatively low data rates, and high

power wireless communications circuitry 2 can be characterized by its relatively high

power consumption and its ability to wirelessly communicate according to a second protocol

characterized by relatively high data rates. The second protocol can have a much more

complicated modulation than the first protocol.

[0059] In some embodiments, low power wireless communications circuitry 214 may be a

mesh network compatible module that does not require an access point or a router in order to

communicate to devices in a network. Mesh network compatibility includes provisions that

enable mesh network compatible modules to keep track of other nearby mesh network

compatible modules so that data can be passed through neighboring modules. Mesh network

compatibility is essentially the hallmark of the 802. 15.4 protocol. In contrast, high power

wireless communications circuitry 2 2 is not a mesh network compatible module and

requires an access point or router in order to communicate to devices in a network. Thus, if a

first device having circuitry 212 wants to communicate data to another device having

circuitry 212, the first device has to communicate with the router, which then transmits the

data to the second device. Thus, there is no device-to-device communication per se when

circuitry 212 requires use of a router. In other embodiments, circuitry 212 can perform

device-to-device communication using a Wi-Fi Direct communications protocol. The Wi-Fi

Direct communications standard can enable devices to connect easily with each other without

requiring a router. For example, an exemplary use of Wi-Fi Direct can enable hazard

detection system 5 to directly communicate with thermostat .

[0060] Non-volatile memory 2 6 can be any suitable permanent memory storage such as,

for example, NAND Flash, a hard disk drive, NOR, ROM, or phase change memory. In one

embodiment, non-volatile memory 2 6 can store audio clips that can be played back by

speaker 218. The audio clips can include installation instructions or warning in one or more

languages. Speaker 218 can be any suitable speaker operable to playback sounds or audio

files. Speaker 2 8 can include an amplifier (not shown).



[0061] Interface sensors 220 can includes sensors that are monitored by system processor

2 0 and safety sensors 232 can include sensors that are monitored by safety processor 230.

Sensors 220 and 232 can be mounted to a printed circuit board (e.g., the same board

processor 210 and 230 are mounted to), a flexible printed circuit board, a housing of system

205, or a combination thereof. Interface sensors 220 can be non-safety related sensors.

Interface sensor 220 can include one or more ultrasonic sensors 22 , which generate high

frequency sound waves and determine which wave(s) are received back by the sensor.

Interface sensors 220 can include a passive infra-red (PIR) sensor 222. PIR sensor 222 can

be used for various motion detection features. A PIR sensor can measure infrared light

radiating from objects in its field of view. In one embodiment, one of the user interface

features is a gesture hush feature, a feature in which a user performs a gesture (e.g., a wave

motion) in the vicinity of system 205 to cause it to turn off or silence alarm 234 if it is

blaring. One or more of ultrasonic sensors 221, PIR sensor 220, or a combination of both

ultrasonic sensors 221 can be used to detect this gesture in accordance with various

embodimetns. The gesture hush feature and systems and methods for detecting and

processing the gesture hush feature are discussed in more detail below in connection with

FIGS. 4-13. Interface sensors 220 may optionally include an ambient light (ALS) sensor and

a push-button sensor. An ALS sensor detects ambient light and the push-button sensor can be

a switch, for example, that detects a user's press of the switch.

[0062] Safety sensors 232 can include a smoke detector, a carbon monoxide (CO) sensor,

temperature and humidity sensor, one or more thermistors. Smoke detectors detect smoke

and typically use optical detection, ionization, or air sampling techniques. A CO sensor can

detect the presence of carbon monoxide gas, which in the home, is typically generated by

open flames, space heaters, water heaters, blocked chimneys, and automobiles. The material

used in electrochemical CO sensors typically has a 5-7 year lifespan. Thus, after 5-7 year

period has expired, the CO sensor should be replaced. A temperature and humidity sensor

can provide relatively accurate readings of temperature and relatively humidity. A thermistor

is a type of resistor whose resistance varies based on temperature. Thermistors can include

NTC type thermistors or PTC type thermistors. Safety sensors 232 can optionally include

PIR sensor, an ambient light sensor, and a push-button sensor. If interface sensors 220 do not



include the PIR sensor, ambient light sensor, or push-button sensor, then safety sensors 232

can include them.

[0063] Sensors 220 can be monitored by system processor 210 and safety processor 230,

and can include safety sensors 221 and non-safety sensors 222. One or more of sensors 220

may be exclusively monitored by one of system processor 210 and safety processor 230. As

defined herein, monitoring a sensor refers to a processor's ability to acquire data from that

monitored sensor. That is, one particular processor may be responsible for acquiring sensor

data, and possibly storing it in a sensor log, but once the data is acquired, it can be made

available to another processor either in the form of logged data or real-time data. For

example, in one embodiment, system processor 2 0 may monitor one of non-safety sensors

222, but safety processor 230 cannot monitor that same non-safety sensor. In another

embodiment, safety processor 230 may monitor each of the safety sensors 221, but provide

the acquired sensor data to system processor 210.

[0064] Safety sensors 221 can include sensors necessary for ensuring that hazard detection

system 205 can monitor its environment for hazardous conditions and alert users when

hazardous conditions are detected, and all other sensors not necessary for detecting a

hazardous condition are non-safety sensors 222. In some embodiments, safety sensors 221

include only those sensors necessary for detecting a hazardous condition. For example, if the

hazardous condition includes smoke and fire, then the safety sensors would only include a

smoke sensor and at least one heat sensor. Other sensors, such as non-safety sensors, could

be included as part of system 205, but would not be needed to detect smoke or fire. As

another example, if the hazardous condition includes carbon monoxide, then the safety sensor

would be a carbon monoxide sensor, and no other sensor would be needed to perform this

task.

[0065] Thus, sensors deemed necessary can vary based on the functionality and features of

hazard detection system 205. In one embodiment, hazard detection system 205 can be a

combination smoke, fire, and carbon monoxide alarm system. In such an embodiment,

detection system 205 can include the following necessary safety sensors 221: a smoke

detector, a carbon monoxide (CO) sensor, and one or more heat sensors. Smoke detectors

detect smoke and typically use optical detection, ionization, or air sampling techniques. A



CO sensor can detect the presence of carbon monoxide gas, which, in the home, is typically

generated by open flames, space heaters, water heaters, blocked chimneys, and automobiles.

The material used in electrochemical CO sensors typically has a 5-7 year lifespan. Thus,

after 5-7 year period has expired, the CO sensor should be replaced. A heat sensor can be a

thermistor, which is a type of resistor whose resistance varies based on temperature.

Thermistors can include negative temperature coefficient ( NTC) type thermistors or positive

temperature coefficient (PTC) type thermistors. Furthermore, in this embodiment, detection

system 205 can include the following non-safety sensors 222: a humidity sensor, an ambient

light sensor, a push-button sensor, a passive infra-red (PIR) sensor, and one or more

ultrasonic sensors. A temperature and humidity sensor can provide relatively accurate

readings of temperature and relative humidity. An ambient light sensor (ALS) sensor detects

ambient light and the push-button sensor can be a switch, for example, that detects a user's

press of the switch. PIR sensor 222 can be used for various motion detection features. A PIR

sensor can measure infrared light radiating from objects in its field of view. Ultrasonic

sensors can be used to detect the presence of an object. Such sensors can generate high

frequency sound waves and determine which wave(s) are received back by the sensor.

Sensors 220 can be mounted to a printed circuit board (e.g., the same board that processors

2 0 and 230 are mounted to), a flexible printed circuit board, a housing of system 205, or a

combination thereof.

[0066] In some embodiments, data acquired from one or more non-safety sensors 222 can

be acquired by the same processor used to acquire data from one or more safety sensors 22 .

For example, safety processor 230 may be operative to monitor both safety and non-safety

sensors 221 and 222 for power savings reasons, as discussed above. Although safety

processor 230 does not need any of the data acquired from non-safety sensor 222 to perform

its hazard monitoring and alerting functions, the non-safety sensor data can be utilized to

provide enhanced hazard system 205 functionality.

[0067] Alarm 234 can be any suitable alarm that alerts users in the vicinity of system 205

of the presence of a hazard condition. Alarm 234 can also be activated during testing

scenarios. Alarm 234 can be a piezo-electric buzzer, for example.



[0068] Power source 240 can supply power to enable operation of system 205 and can

include any suitable source of energy. Embodiments discussed herein can include AC line

powered, battery powered, a combination of AC line powered with a battery backup, and

externally supplied DC power (e.g., USB supplied power). Embodiments that use AC line

power, AC line power with battery backup, or externally supplied DC power may be subject

to different power conservation constraints than battery only embodiments. Battery powered

embodiments are designed to manage power consumption of its finite energy supply such that

hazard detection system 205 operates for a minimum period of time. In some embodiments,

the minimum period of time can be one (1) year, three (3) years or seven (7) years. In other

embodiments, the minimum period of time can be at least seven (7) years, eight (8) years,

nine (9) years, or ten (10) years. Line powered embodiments are not as constrained because

their energy supply is virtually unlimited. Line powered with battery backup embodiments

may employ power conservation methods to prolong the life of the backup battery.

[0069] In batteiy only embodiments, power source 240 can include one or more batteries or

a batteiy pack. The batteries can be constructed from different compositions (e.g., alkaline or

lithium iron disulfide) and different end-user configurations (e.g., permanent, user

replaceable, or non-user replaceable) can be used. In one embodiment, six cells of Li-FeSi

can be arranged in two stacks of three. Such an arrangement can yield about 27000mWh of

total available power for system 205.

[0070] Power conversion circuitry 242 includes circuitry that converts power from one

level to another. Multiple instances of power conversion circuitry 242 may be used to

provide the different power levels needed for the components within system 205. One or

more instances of power conversion circuitry 242 can be operative to convert a signal

supplied by power source 240 to a different signal. Such instances of power conversion

circuitry 242 can exist in the form of buck converters or boost converters. For example,

alarm 234 may require a higher operating voltage than high power wireless communications

circuitry 212, which may require a higher operating voltage than processor 210, such that all

required voltages are different the voltage supplied by power source 240. Thus, as can be

appreciated in this example, at least three different instances of power conversion circuitry

242 are required.



[0071] High quality power circuitry 243 is operative to condition a signal supplied from a

particular instance of power conversion circuitry 242 (e.g., a buck converter) to another

signal. High quality power circuitry 243 may exist in the form of a low-dropout regulator.

The low-dropout regulator may be able to provide a higher quality signal than that provided

by power conversion circuitry 242. Thus, certain components may be provided with "higher"

quality power than other components. For example, certain safety sensors such as smoke

detectors and CO sensors may require a relatively stable voltage in order to operate properly.

[0072] Power gating circuitry 244 can be used to selectively couple and de-couple

components from a power bus. De-coupling a component from a power bus insures that the

component does not incur any quiescent current loss, and therefore can extend battery life

beyond that which it would be if the component were not so de-coupled from the power bus.

Power gating circuitry 244 can be a switch such as, for example, a MOSFET transistor. Even

though a component is de-coupled from a power bus and does not incur any current loss, the

power gating circuitry itself may consume a finite amount of power. This finite power

consumption, however, is less than the quiescent power loss of the component.

[0073] It is understood that although hazard detection system 205 is described as having

two separate processors, system processor 210 and safety processor 230, which may provide

certain advantages as described hereinabove and hereinbelow, including advantages with

regard to power consumption as well as with regard to survivability of core safety monitoring

and alarming in the event of advanced feature provision issues, it is not outside the scope of

the present teachings for one or more of the various embodiments discussed herein to be

executed by one processor or by more than two processors.

[0074] FIG. 3 shows an illustrative circuit schematic of hazard detection system 300

according to an embodiment. The circuit schematic is a more detailed illustrative

representation of hazard detection system 205 (of FIG. 2) and shows, among other things,

power consuming components, the power busses supplying power to the components, and

gating circuitry for selecting coupling and de-coupling components to a power bus. Hazard

detection system 300 can be powered solely by one or more batteries and uses a power

budgeting scheme so that the one or more batteries can power system 300 for a minimum

operational lifetime (e.g., of at least seven (7) years). The power budgeting scheme further



enables system 300 to operate according to any one of several different modes (e.g., Idle,

WiFi update. Software update, and Alarm) for a mode-specified period of time (e.g., WiFi

update mode is performed once a day) during the minimum operational lifetime. In the

discussion that follows, the circuit arrangement of system 300 illustrates how system 300 is

able to manage its power consumption, while providing enhanced user interaction features as

well as robust hazard detection.

[0075] Hazard detection system 300 includes battery system 30 operative to provide a DC

power source to power bus 308. The DC power source can exist on power bus 308 at a first

voltage level. The voltage level may change slightly depending on various conditions, such

as changes in temperature. Depending on composition of DC power source (e.g., alkaline or

Lithium-based chemistries), the voltage level can remain at a relatively constant voltage level

(e.g., 4.5 volts) or it may remain within a pre-defined range of voltage levels during the

operational life of system 300. The voltage level may drop substantially when the energy

stored in battery system 301 falls below a predetermined threshold (e.g., when the batteries

are effectively dead). Battery system 301 can include battery cell group 302 and battery cell

group 305. Each of battery cell groups 302 and 305 can include one or more battery cells. In

one embodiment, each cell group includes three battery cells. As shown, battery cell group

302 is coupled to diode 304 and to safety processor 330 via bus 303 and gating circuitry 351.

Safety processor 330 is similar in many respects to safety processor 230 (discussed above in

connection with FIG. 2). Battery cell group 305 is coupled to diode 307 and to safety-

processor 330 via bus 306 and gating circuitry 352. Safety processor 330 can temporarily

close gating circuitry 351 and 352 to measure the voltages of battery groups 302 and 305,

respectively. After the measurement is complete, safety processor 330 can open gating

circuitry 351 and 352. Diodes 304 and 307 are coupled to power bus 308.

[0076] Power bus 308 is coupled to power converter circuitry 340, power converter

circuitry 342, power converter circuitry 344, power converter circuitry 346, ultrasonic sensor

320, smoke detector 324, and display module 328 (e.g., light emitting diode (LED)) via

power gating circuitry 353. As discussed above in connection with FIG.2, power converting

circuitry is operative to convert a signal from one level to another. Ultrasonic sensor 320 can

be similar to the ultrasonic sensor referenced in connection with interface sensors 220 (of

FIG. 2). Although only one ultrasonic sensor is shown, system 300 can include more than



one ultrasonic sensor. In one embodiment, system 300 can include two ultrasonic sensors.

For example, one ultrasonic sensor may be positioned within the housing of the system to

detect ultrasonic events when mounted to a ceiling and the other sensor may be positioned

within the house to detect ultrasonic events when mounted to a wall. Smoke detector 324 can

be one of the safety sensors (as previously discussed). Display module 328 can be any

suitable display apparatus. In one embodiment, display module 328 can include one or more

LEDs that emit different colored light to signify a status of system 300. For example, display

of green light can signify good status, orange light can signify a warning condition such as a

low battery, and red light can signify a hazard condition. Each of the components power bus

308 is coupled to receive DC power at the first voltage level. Although ultrasonic sensor 320,

smoke detector 324, and display module 328 can operate using DC power at the first voltage

level, other components in system 300 can require different operating voltages. In addition, it

is understood that although various components such as ultrasonic sensor 320, smoke

detector 324, and display module 328 can receive power from power bus 308 at a first

voltage level, one or more of these components may have internal power conversion

circuitry. For example, ultrasonic sensor 320 and display module 328 can each include a

boost converter.

[0077] Power converter circuitry 340, 342, 344, and 346 are each operative to convert the

DC power signal provided on power bus 308 to a signal having a different voltage level.

Power converter circuitry 340, 342, and 344 can all be operative to down convert the DC

power signal to three different voltage levels lower than the first voltage level. More

particularly, power converter circuitry 340 can be a buck converter that provides a signal

having a second voltage level (e.g., 1.8 volts) to power bus 341. Power bus 341 is coupled to

system processor 0 (e.g., which can be similar to processor 210 of FIG. 2), safety processor

330, 6L0WPAN module 3 4 (e.g., which can be similar to low power wireless

communication circuitry 214 of FIG. 2) via power gating circuitry 361, WiFi module 2

(e.g., which can be similar to high power wireless communication circuitry 212 of FIG. 2) via

power gating circuitry 363, and non-volatile memory 316 (e.g., which can be similar to non

volatile memory 216) via power gating circuitry 365.

[0078] Some of the sensors may include subcomponents that have separate power

requirements, and as such, may need to be separately powered. Such sensors may be coupled



to receive power from two or more power busses so that the subcomponents are supplied with

the appropriate power. In some embodiments, one or more of the subcomponents of a sensor

may be power gated ON and OFF. For example, smoke detector 324 can be an active sensor

that "interrogates" air contained within a chamber with an active IR signal, and then measures

the IR signal to see how much of that signal is scattered. Thus, in some embodiments, smoke

detector 324 can include a smoke detection optical source (a first subcomponent) and a

smoke detection optical sensor (a second subcomponent), with each of these components

being separately powered. In particular, power bus 308 can provide power to the smoke

detection optical source and power bus 343 can provide power to the smoke detection optical

sensor via power gating circuitry 354. During operation of hazard detection system 300, the

smoke detection optical sensor may be selectively powered via controlled coupling and de

coupling to power bus 343 by power gating circuitry 354. Although the smoke detection

optical source is coupled to power bus 308, it may be turned ON and OFF in response to a

driving signal (e.g., provided by safety processor 330). Thus, in this embodiment, power

savings can be achieved by ( ) signal driving the smoke detection optical source and by (2)

power gating the smoke detection optical sensor.

[0079] As another example, ultrasonic sensor 320 can include a transmit/boost

subcomponent and a transducer subcomponent, with each of these subcomponents being

separately powered. The transmit 'b oost component may be coupled to receive power from

power bus 308 and the transducer subcomponent may be coupled to receive power from

power bus 349 via power gating circuitry 364. During operation of hazard detection system

300, for example, the transducer subcomponent may be power gated ON and OFF via power

gating circuitry 364 and the transmit''boost subcomponent may be signal driven ON and OFF.

Thus, although the transmit/boost subcomponent can be directly coupled to power bus 308,

the transmit/boost subcomponent may not be turned ON unless it is signal driven ON (e.g., by

a signal provided by system processor 310), thereby minimizing power consumption. Thus,

power consumption by ultrasonic sensor 320 can be minimized using two different

approaches: power gating and signal driving. It is understood that other sensors may utilize

similar approaches to minimize power consumption and extend battery life. It is further

understood that some sensors may not include subcomponents that are coupled to power

gating circuitry, but such subcomponents can be turned ON and OFF via signal driving.



[0080] Power converter circuitry 342 can be a buck converter that provides a signal having

a third voltage level (e.g., 3.0 volts) to power bus 343. Power bus 343 is coupled to RF

Front-End Module (FEM) 315 via power gating circuitry 362, ultrasonic sensor 320 via

power gating circuitry 364, both ALS sensor 322 and temperature and humidity sensor 323

via power gating circuitry 355, and low-drop out regulator 348. Ultrasonic sensor 320

receives power on power busses 308 and 343. RF FEM 3 5 operates in connection with

6L0WPAN module 4 and can include a power amplifier (PA) for transmitting data, a low-

noise amplifier (LNA) for receiving data, an optional antenna switch, and an optional

transmit/receive switch. The PA boosts the power of the transmitting signal to improve

signal range and the LNA improves sensitivity when receiving a signal. 6L0WPAN module

3 4 can optionally leverage FEM 3 5 to improve its performance, but doing so incurs a

power penalty. ALS sensor 322 an temperature and humidity sensor 323 can be similar to

safety sensors 232 discussed above in connection with FIG. 2.

[0081] Power converter circuitry 344 can be a buck converter that provides a signal having

a fourth voltage level (e.g., 3.3 volts) to power bus 345. Power converting circuitry 344 can

be operative to be selectively turned ON and OFF, depending on a signal applied to node 368.

The signal applied to node 368 can be provided by system processor 310. Power bus 345 can

be coupled to WiFi module 312 and speaker 318. Speaker 318 can be similar to speaker 218

(discussed above in connection with FIG. 2). The fourth voltage level can be higher than the

third voltage level. Even though WiFi module 2 and speaker 3 8 could operate using the

third voltage level, use of the fourth voltage level results in a performance boost. The

increased operating voltage can increase the wireless range of WiFi module 312 and increase

the loudness of speaker 318. In some embodiments, power converter circuitry 344 can be

omitted and WiFi module 312 and speaker 3 8 can be coupled to power bus 343. WiFi

module 312 is coupled to power bus 341 via gating circuitry 363 to receive power for its

digital circuitry, logic, and to communicate with system processor 310 and is coupled to

power bus 345 to receive power for its radio and transceiver. Thus, as shown, WiFi module

3 2 can have its digital logic circuitry power gated ON and OFF by gating circuitry 363, and

its radio and transceiver can be powered ON and OFF depending on whether power converter

circuitry 344 is turn ON.



[0082] Power converting circuitry 346 can be operative to up convert the DC power signal

to a voltage level higher than the first voltage level. Power converting circuitry 346 can be

operative to be selectively turned ON and OFF, depending on a signal applied to node 358.

Power converting circuitry 346 can be a boost converter that provides a signal having a fifth

voltage (e.g., 1 volts) to power bus 347. Alarm 334 can be similar to alarm 234 (discussed

above in connection with FIG. 2).

[0083] It is understood that although power converting circuitry 340, 342, 344, 346 were

described above as having either a buck converting topology or boost converting topology,

any suitable converting topologies can be used. For example, other DC-DC converting

topologies such as buck-boost can be used. In addition, converting topologies that use

transformers can be used, such as, for example, full-bridge forward converters, half bridge

forward converters, single-ended converters, push pull converters, and clamp converters.

[0084] Low-dropout regulator 348 is operative to provide "high" quality, stable, power to

power bus 349. Low-dropout regulator 348 can change the voltage level of the signal it

receives on power bus 343 to provide a sixth voltage level to power bus 349. The quality of

the signal on power bus 349 is higher than the quality of the signal on power bus 343. Signal

quality can be measured by any number of different characteristics. A few characteristics

include voltage ripple, deviations from an average voltage level, transient response, and

noise.

[0085] In an explanation by way of example, assume that power converting circuitry 342 is

operative to provide a signal having the third voltage level (e.g., 3.0 volts) to power bus 343

and regulator 348 changes the third voltage level to the sixth voltage level (e.g., 2.7 volts).

During operation of system 300, power demands on power bus 343 may temporarily disrupt

power converter circuitry 342 ' s ability to provide a signal at the third voltage level. For

example, if ultrasonic sensor 320 is turned ON, the current demanded by sensor 320 could

cause the voltage of the signal provided to power bus 343 to momentarily drop below the

third voltage level. Despite this drop in voltage level, regulator 348 is operative to maintain

its output signal at the sixth voltage level, thereby ensuring all components coupled to power

bus 349 continue to operate unaffected by changes in the signal on power bus 343.



[0086] Power bus 349 can be coupled to smoke detector 324 via power gating circuitry

354, CO sensor 325, and PIR sensor 327. CO sensor 325 can be one of the safety sensors 232

discussed above in connection with FIG. 2. CO sensor 325 may use an electrochemical

sensor to detect CO gas. This particular type of sensor requires a relatively stable signal to

function properly and it is also the type of sensor that must always be receiving power. The

constant power requirement may be necessary because it takes too long for the sensor to

stabilize and take accurate CO readings if power gated ON and OFF. CO sensor 325 receives

a stable power signal from regulator 348 on power bus 349 and is not power gated, thereby

operative to always receive power from power bus 349. PIR sensor 327 is another type of

sensor that requires a relatively stable signal to function properly and must always be

receiving power.

[0087] Smoke detector 324 is coupled to power busses 308 and 349. Power bus 308

powers an infrared (IR) LED and power bus 359 powers receiver and signal amplification

circuitry. In some embodiments, power bus 308 can supply power to the IR LED (e.g.,

smoke detector optical source) through an adjustable LDO (not shown). This LDO can be

selectively enabled by safety processor 330, and is only toggled when an LED pulse is

required; safety processor 330 can provide a driving signal to the smoke detector optical

source (to turn it ON and OFF) and it can also control operation of power gating circuitry 354

to selectively power the receiver and signal amplification circuitry. When an IR LED pulse is

not required, the LDO is disabled, and power gating circuitry 354 decouples power bus 359

to the receiver and signal amplification circuitry (e.g., smoke detector optical detector). As

result, when the LDO is disabled and power gating circuitry 354 is OPEN, smoke

detector 324 can have a minimal current draw (e.g., less than Α) .

[0088] System 300 can include one or more thermistors 326 situated in various locations

within system 300. Thermistors 326 can be another one of the safety sensors as previously

discussed in connection with FIG. 2. As shown, thermistors 326 are NTC type thermistors,

though it is understood that other types of thermistors can be used. Thermistors 326 are

coupled to safety processor 330 via power bus 331. Safety processor 330 can selectively

provide a power signal to power bus 3 . For example, when safety processor 330 desires to

take temperature readings from thermistor 326, it can provide power to power bus 33 . After



the reading is taken, processor 330 can shut off the power to power bus 331. In another

embodiment, processor 330 can constantly supply power to power bus 331.

[0089] The various components and power busses of hazard detection system 300 can

reside on one or more printed circuit boards or flexible printed circuit boards. In one

embodiment, P R sensor 327 and display module 328 can reside on flexible printed circuit

board 329 and all other components can reside on a printed circuit board (not shown). In

another embodiment, all components can reside on a printed circuit board.

[0090] FIG. 3 shows a dashed line 370 snaking between various components of system

300. Dashed line 370 demarcates an illustrative divide of components dedicated to providing

1) safety features and 2) enhanced features, and in particular, generally shows how power is

managed by processors 310 and 330. Components generally associated with safety features

are shown below dashed line 370 and components generally associated with enhanced

features are shown above dashed line 370. Dashed line 370 further serves to illustrate the

bifurcated processors embodiment in which safety processor 330 is dedicated to safety

features and system processor 3 0 is dedicated to handling enhanced features as well as

general system administration. As will be discussed in more detail below, dashed line shows

that safety processor 330 manages power consumption of the "safety" components and

system processor manages power consumption of the other components.

[0091] The safety features of system 300 are robust, power efficient, and operate without

fail. To ensure the robust and power efficient use of the safety features, system 300 can

operate as follows. Power converting circuitry 340 and 342 can be operative to always be

ON (at least during intended and ordinary usage of system 300) throughout its minimum

operational lifespan. There may be instances in which power converting circuitry 340 and

342 are not always ON, such as when the system 300 undergoes a full power-cycle reset.

This way, power supplied on power busses 34 and 343 is always available to downstream

components. These components can include system processor 310, safety processor 330,

non-volatile memory 316, low-dropout regulator 348, and the safety sensors (e.g., ALS

sensor 322, temperature and humidity sensor 323, smoke detector 324, CO sensor 325,

thermistors 326, and PIR sensor 327). That safety processor 330 and the safety sensors have



access to power via always ON power converting circuitry 340 and 342 ensures that system

300 is constantly monitoring for hazard events.

[0092] Power savings can be realized because safety processor 330, as opposed to system

processor 310, is dedicated to monitoring the safety sensors for a hazard condition.

Additional power savings can be realized by power gating various components. In particular,

safety processor 330 can independently control each of power gating circuits 353, 354, and

355. Thus, processor 330 can selectively couple and de-couple display module 328 to power

bus 308, smoke detector 324 to power bus 349, and both ALS sensor 322 and temperature

and humidity sensor 323 to power bus 353 by controlling power gating circuits 353, 354, and

355, respectively. Since display module 328, smoke detector 324, and both ALS sensor 322

and temperature and humidity sensor 323 can operate properly even when being fully turned

ON and OFF, system 300 can further manage power consumption by selectively

disconnecting them from their respective power busses. Further still, processor 330 can

extract additional power savings by selectively providing power to power bus 331.

[0093] Safety processor 330 can further manage power consumption by selectively-

enabling power converting circuitry 346. Processor 330 can enable or disable circuitry 346

by applying the appropriate signal to control node 358. When converting circuitry 346 is

enabled, it can provide a signal at the fifth voltage level to power bus 347. Processor 330 can

enable circuitry 346 when a hazard event is detected, and once circuitry 346 is enabled, alarm

334 is operative to sounds its alarm. When no hazard event is detected or there is no need for

alarm 334 to be active, processor 330 can disable circuitry 346. Disabling circuitry 346 saves

power lost during the operation of circuitry 346 and as well as power that would otherwise be

consumed by alarm 334.

[0094] Power management can also be exercised by processor 310. Processor 0 can

independently control each of power gating circuits 361, 362, 363, 364, and 365. Thus,

processor 310 can selectively couple and de-couple 6I0WPAN module 3 4 to power bus 341,

FEM 315 to power bus 343, WiFi module 312 to power bus 341, non-volatile memory 316 to

power bus 341, and ultrasonic sensor 320 to power bus 343 by controlling power gating

circuits 361, 362, 363, 364, and 365, respectively. These power-gating compatible



components can be completely disconnected from a power bus an still be able to function

properly when re-connected to their respective power busses.

[0095] System processor 0 can further manage power consumption by selectively

enabling power converting circuitry 344. Processor 310 can enable or disable circuitry 344

by applying the appropriate signal to control node 368. When converting circuitry 344 is

enabled, it can provide a signal at the fourth voltage level to power bus 345. Processor 3 0

can enable circuitry 344 when WiFi module 2 and speaker 3 8 require power. Disabling

circuitry 344 saves power lost during the operation of circuitry 344 and as well as power that

would otherwise be consumed by WiFi module 3 2 and speaker 318.

[0096] System processor 310 and safety processor 330 can operate according to several

different power modes. For example, in a very simplistic sense, both processors 0 and 330

can operate in an active mode and a sleep mode. As another example, one or more of

processor 310 and 330 can have multiple active modes and multiple sleep modes, each

having a different power consumption level. The particular mode each processor operates in

may depend on the mode operation of the system 300. For example, if system 300 is in an

Idle mode of operation, system processor 310 may be a relatively deep sleep mode, and

safety processor 330 may be in a relatively low power active mode.

[0097] Although system 300 is shown and described to include battery system 301, it is

understood that battery system 301 can be replaced with a line powered power supply. For

example, the line powered power supply can include an AC-to-DC converter, among other

circuitry, to convert an AC signal to a DC signal that is provided to bus 308. Additional

details of a line-powered hazard detection system can be found, for example, in commonly

assigned, co-pending, U.S. Patent Application No. xx/xxx,xxx, filed concurrently herewith,

entitled "Power Management in Line Powered Hazard Detection Systems," (Attorney Docket

Number GP-5744-00-US), the disclosure of which is incorporated by reference herein in its

entirety.

[0098] FIGS. 4A-4D show different views of input processing detection system 400 along

with its illustrative positioning of several sensors in accordance with various embodiments.

In particular, FIG. 4A shows a top view of system 400, FIG. 4B shows a side view of system

400, FIG. 4C shows a cross-sectional view of system 400 taken along line C-C of FIG. 4A,



and FIG. 4D shows a cross-sectional view of system 400 taken along line D-D of FIG. 4A.

A top portion of detection system 400 is shown facing up out of the page in FIG. 4A, but the

top portion of system 400 is shown facing in a downward fashion (which is how it would face

if mounted to a ceiling). FIG. 4A shows that detection system 400 includes four sensors

located at different locations in or on a housing. In one embodiment, the sensors can include

PIR sensor 410, ultrasonic sensor 420, ultrasonic sensor 422, button 440, and an ambient light

sensor (not shown). PIR sensor 410 and ultrasonic sensor 420 can be located in a relatively

centered location within system 400. Both sensors 410 and 420 are also positioned at or near

the top surface of system 400, and in some embodiments may extend beyond a plane that

defines the top surface. For example, as illustrated in FIG. 4C, PIR sensor 4 may extend

beyond the top surface plane. As another example, as illustrated in FIG. 4D, ultrasonic

sensor 420 may be positioned substantially co-planer with the top surface.

[0099] Ultrasonic sensor 422 can be positioned near an edge of system 400 (as shown) or

elsewhere on system 400. For example, sensor 422 can be positioned adjacent to sensor 422.

Similar to sensor 420, sensor 422 may also be positioned at or near the top surface of system

400, and in some embodiments may extend beyond a plane that defines the top surface. For

example, as shown in FIG. 4B, sensor 422 may be positioned substantially co-planer with the

top surface. Button 440 can be positioned anywhere on hazard system 400 such that a user

can depress it. For example, as shown in FIG. 4A, button 440 can be recessed within a

boundary of hazard system 400.

[0100] FIG. 4E shows an illustrative cross-sectional view of hazard system 400 taken along

line E-E of FIG. 4A. This view shows sensors 410, 420, and 422 and the respective detection

fields 4 , 421, and 423. Detection fields 4 , 421, and 423 illustrate each sensor's "field of

view" for detecting one or more stationaiy or moving objects. The size and shape of each

sensor's "field of view" can be different. For example, PIR sensor 410 can have a relatively

omnipresent detection field and ultrasonic sensors 420 and 422 can have relatively focused

detection fields. In one embodiment, detection field 4 can encompass both detection fields

421 and 423. Detection fields 421 and 423 may or may not overlap each other, but each field

can be configured to monitor a different field of view. For example, detection field 421 can

be centered on an axis that is perpendicular to the top surface of hazard system 400, and

detection field 423 can be centered on an axis that is not perpendicular to the top surface of



hazard system 400. In another example, the center axes of detection field 42 and detection

field 423 are not parallel to each other. During operation, ultrasonic sensors 420 and 422 can

be alternately sampled to avoid interference among detection fields 4 and 423.

[0101] The combined use of ultrasonic and infrared sensors enables an ultrasound-plus-IR

detection methodology for discerning whether one or more objects are actually present within

a particular field of view and for processing inputs received while the one or more objects are

present within that field of view. As will be illustrated and discussed in more detail below in

connection with FIGS. 5A and 5B, the ultrasonic sensor provides a relatively focused field of

view by emitting high frequency sound waves and monitoring for echoes that are received

back from any ob jects within its field of view, and the infrared sensor provides a relatively

unfocused field of view, which can encompass all or a portion of the ultrasonic sensor's field

of view, by monitoring energy being emitted from objects in its field of view. Thus, even

though both sensors can detect objects, the disparate nature of the sensors enables the

detection methodology to discriminate among different moving objects and process inputs

with a relatively high degree of accuracy. In particular, the ultrasonic sensor can provide

"presence" detection and the infrared sensor can provide "input processing" detection. While

the infrared sensor can detect movement of one or more objects anywhere within its field of

view, the detection methodology can decide whether to process an infrared detected moving

object as an "input" based on whether the ultrasonic sensor senses the "presence" of that

moving object. Thus, in one embodiment, the detection methodology can selectively filter

out infrared detected moving objects if the ultrasonic sensor does not detect the presence of

the moving object. This can reduce or completely eliminate false positives. For example, the

infrared sensor may detect movement of an ob ject within its field of view, but if that same

object is not detected by the ultrasonic sensor, the detection methodology can ignore that

detected moving object and not process it as an input. As another example, if the infrared

sensor detects movement of an object, and that same object is detected by the ultrasonic

sensor, the detection methodology may process it as an input

[0102] The ultrasound-plus-IR detection methodology can be used in many different

applications. In some embodiments, the detection methodology according to various

embodiments can be used to process inputs in response to one or more objects moving

relatively far away (e.g., a few meters) from the input processing system. In other



embodiments, the detection methodology can be used to process inputs in response to one or

more objects moving relatively close (e.g., a few feet) to the input processing system.

Regardless of the proximity of the moving objects, the input processing system can recognize

different movement patterns or gestures. Each recognized movement pattern may cause a

particular action to be performed. It is understood that the particular action taken depends on

the design of system using the ultrasound-plus-IR detection methodology. In a personal

computing system, for example, an up and down movement pattern may correspond to a

scrolling UI interface action. As another personal computing example, a left to right

movement pattern may correspond to a page turning UI interface action. In a hazard

detection system, for example, a waving motion pattern may correspond to a silence the

alarm interface action. A stereo system, for example, may adjust the volume responsive to

the relative distance between two hands; as the distance between the hands increases, the

volume increases.

[0103] The ultrasound-plus-IR detection methodology is a specific example of a

ultrasound-plus-radiation detection methodology according to embodiments herein.

Ultrasound-plus-radiation detection methodologies can use an ultrasonic sensor and another

sensor that monitors any type of radiation, particularly, non-ionizing radiation. Other

embodiments that leverage ultrasonic sensors can incorporate use of an optical sensor (e.g.,

camera). Such embodiments can employ the ultrasound-plus-image detection methodology,

where the ultrasonic sensor is used for presence detection, and the image is used for

processing inputs.

[0104] Even though various embodiments discussed herein use an ultrasonic sensor for

"presence" detection and a PIR sensor for "input processing" detection, it is understood that

different sensors may be used for performing presence detection an input processing

detection. For example, the following can be used for presence detection: thermopile sensor,

carbon dioxide sensor, Laser/IR LED proximity sensor (for measuring reflected light

intensity), Laser/IR LED time-of-flight sensor (for measuring time for light to bounce off

target and come back), ultrasonic sensor (for measuring reflected sound), ultrasonic sensor

(for measuring Doppler shift), a camera, radar, and radio frequency. For example, the

following can be used to detection motion: PIR sensor, multi-pixel thermopile, single or

multiple Laser/IR LED proximity sensors, single or multiple Laser/IR LED time-of-flight



sensors, ultrasonic (reflected sound), ultrasonic (Doppler shift), single or multiple cameras,

radar, and radio frequency.

[0105] Referring collectively now to FIGS. 5A and 5B, illustrative detection fields

emanating from sensors (not shown) of hazard detection system 500 are shown in accordance

with various embodiments. In particular, FIG. 5A hazard detection system 500 is mounted to

ceiling 2 of enclosure 5 0, and FIG. 5B hazard detection system 500 is mounted to wall

514 of enclosure 5 0 are shown in accordance with an embodiment. Hazard detection system

500 can be the same for both FIGS. 5A and 5B, and thus various aspects described in

connection with one FIG. can apply to the other FIG. For example, the detection fields and

their respective field of view angles and center axis positions can be the same for both FIGS.

The main difference between FIG. 5A and FIG. 5B is where hazard detection system 500 is

mounted. In FIG. 5A, it is mounted to a ceiling (or other object that is substantially parallel

to the ground), and in FIG. 5B, it is mounted to a wall (or other object that is substantially

perpendicular to the ground). Enclosure 500 can include ceiling 512, walls 514 and 516, and

floor 518.

[0106] Three different detection fields are shown: PIR detection field 520, ultrasonic

detection field 530, and ultrasonic detection field 540. Each detection field shows a series of

dashed lines that represent each field's outer bounds. PIR detection field 520 can stem from

a PIR sensor (not shown), and ultrasonic detection fields 530 and 540 can stem from

ultrasonic sensors (not shown). Although the fields appear to be two-dimensional, it is

understood that the fields occupy a three-dimensional space. As shown, PIR detection field

520 can occupy a vast majority of enclosure 510 due to its relatively large, wide angle field of

view. In particular, PIR detection field 520 can have field of view angle, A, as shown.

Ultrasonic detection fields 530 and 540 can each occupy a minority of enclosure 5 0 due to

their relatively small, narrow angle fields of view. In particular, detection fields 530 and 540

can have field of view angles, B and C , respectively as shown. The value of angle A can

be greater than the values of angles B and C . The values of angles B and C can be the

same or different.

[0107] Detection fields 530 and 540 are shown with respective center axes 53 1 and 541 .

Detection field 520 can have a center axis, but it is not shown to avoid overcrowding the FIG.



In some embodiments, the center axes of detection fields 520 and 530 can be co-planer or co

axial, but the center axes of detection fields 530 and 540 are neither co-planer nor co-axial.

The positions of the center axes with respect to reference plane 501 vary. As shown, an angle

of B2 exists between center axis 53 and reference plane 501 , and an angle of C2 exists

between center axis 541 and reference plane 501. Angle B2 can be greater than angle C2.

[0108] The value of angles B2 and C2 can be selected to maximize the potential for the

ultrasonic sensors (not shown) to detect the presence of one or more moving or stationary

objects, regardless of how hazard detection system 500 is mounted. For example, angle B2,

for detection field 530, can be selected for ceiling mounted applications, and angle C2, for

detection field 540, can be selected for wall mounted applications. Continuing with this

example, angle B2 can range from 80-100 degrees, and angle C2 can range from 5 to 80

degrees. It is understood that any suitable angle can be selected for angles B2 and C2,

respectively. For example, in one embodiment angle B2 can range from 90 to 80 degrees

an angle C2 can range from 0 to 90 degrees. As a specific example of this embodiment,

angle C2 can be 45 degrees and angle B2 can be 35 degrees.

[0109] As shown in FIG. 5B, center axis 53 1 is substantially perpendicular to wall 514, and

as a result detection field 530 projects in a direction substantially perpendicular to wall 514.

In some embodiments, depending on the height at which system 500 is mounted, detection

field 530 may not be ideally suited for detecting an object (e.g., a person attempting to

gesture hush an audible alarm). This may be because the person is not tall enough to reach

detection field 530. Detection field 540, which is directed downwards towards floor 518,

may be better suited for detecting the object. This may be because the person will eventually

enter detection field 540 regardless of how tall he or she is. Thus, in wall mounted

applications, objects detected in detection field 540 may take precedence over any objects

detected in detection field 530.

[0110] In contrast, in ceiling mounted applications (FIG. 5A), objects detected in detection

field 530 may talce precedence over objects detected in detection field 540. As shown, center

axis 5 is substantially perpendicular to ceiling 5 8, and as a result detection field 530

projects directly towards floor 5 , regardless of how high the ceiling is with respect to the

floor. Detection field 540 is also directed downwards to the floor, but not as directly as



detection field 530. In some embodiments, depending on ceiling height, detection field 540

may be cast too far away from hazard detection system 500 to effectively detect an object

(e.g., a person attempting to gesture hush an audible alarm). Thus, detection field 530 may

be better suited for detecting an object in ceiling mounted applications.

[0111] In some embodiments, hazard detection system 500 can selectively enable and

disable one or more of its ultrasonic sensors. For example, system 500 can disable an

ultrasonic sensor based on how it is mounted. System 500 can have an orientation sensor

contained therein such as, for example, a multi-axis accelerometer, for determining its

mounted orientation. If system 500 is wall mounted, it can disable the sensor casting

detection field 530. If system 500 is ceiling mounted, it can disable the sensor casting

detection field 540.

[0112] In one embodiment, angles B2 and C2 are permanently fixed. In another

embodiment, one or more of angles B2 and C2 are adjustable. For example, one or more of

the ultrasonic sensors (not shown) can be pivoted about a rotation axis to change the angle of

its central axis with respect to reference plane 501. In one embodiment, a user can manually

pivot an ultrasonic sensor. In another embodiment, hazard system 500 can control the pivot

position of one or more ultrasonic sensors. For example, the sensor can be mounted on a

motor controlled gimbal platform. The ability to change the center axis angle can be

particularly advantageous to accommodate wall mounts of varying heights. For example, the

hazard detection system can adjust the center axis angle of a detection field based on the

mount height.

[0113] FIGS. 6A-6D show illustrative snapshots in time in which a person uses a gesture to

silence an audible alarm in accordance with an embodiment, and FIG. 7 shows an illustrative

timing diagram of various components of a hazard detection system in accordance with an

embodiment. The snapshots of FIGS. 6A-6D can correspond to times, ti-t4, respectively, of

FIG. 7 . Any suitable hazard detection system in accordance with an embodiment can be

used, but for convenience and ease of discussion, hazard detection system 500 of FIG. 5A is

referenced in connection with FIGS. 6A-6D and FIG. 7. Accordingly, as already discussed

above, system 500 can cast detection fields 520, 530, and 540 as shown. In addition, the



hazard detection system can include, among other components, a PIR sensor, two ultrasonic

sensors, an alarm, a speaker, and one or more hazard detection sensors.

[0114] FIG. 7 shows timing waveforms for alarm event 702, PIR sensor sample rate 704,

ultrasonic sensor enable 705, first ultrasonic sensor object detection waveform 706, second

ultrasonic sensor object detection waveform 708, PIR gesture detection waveform 710,

speaker output 712, and audible alarm output 714. Alarm event 702 can indicate whether the

hazard detection system senses a condition that triggers an alarm event. For example, if the

hazard detection system senses smoke, alarm event 702 can transition from low to high (as it

does at time ti). PIR sample rate 704 indicates the rate at which PIR data is sampled.

Ultrasonic sensor enable 705 indicates whether the ultrasonic sensors are enabled. For

example, the ultrasonic sensors can be power gated off when not in use. Ultrasonic sensor

object detection waveforms 706 and 708 can indicate whether an ultrasonic sensor detects an

object. Waveform 706 can correspond to objects detected in detection field 540, and

waveform 708 can correspond to objects detected in detection field 530. PIR gesture

detection waveform indicates whether a gesture is recognized within detection field 520.

Speaker output 7 indicates whether the speaker is playing back a message, and audible

alarm output 7 4 indicates whether the alarm is sounding.

[0115] Between times, to and ti, the waveforms for alarm event 702, ultrasonic sensor

enable 705, first and second ultrasonic sensor detection waveforms 706 and 708, PIR gesture

detection waveform 710, speaker output 712, and audible alarm output 7 4 are all LOW. In

this state, the ultrasonic sensors can be power gated off. For example, power gating circuitry

364 can be OPEN so that ultrasonic sensors 320 are OFF. In addition, PIR sample rate 704 is

set at a first sample rate. At time, ti, alarm event 702 goes HIGH, which can cause the alarm

to sound. Audible alarm output 7 4 goes HIGH at time, ti. Ultrasonic sensor enable 705

goes HIGH, thereby powering ON the ultrasonic sensors. In addition, PIR sample rate 704

may change from the first sample rate to a second sample rate, where the second sample rate

has a higher frequency than the first. In FIG. 6A, hazard detection system 500 is sounding its

alarm as indicated by the "buzz, buzz, buzz" emanating therefrom. Person 600 is shown at

location 601 , which is within detection field 520 but outside of detection fields 530 and 540.



[0116] At time, t , person 600 moves from location 601 to location 602, which is within

detection field 520 but outside of detection fields 530 and 540. Because person 600 is

moving within detection field 520, the movement may be detected by the PIR sensor. This is

shown as the step change in PIR gesture detection waveform 710 at time, ti. Even though the

PIR sensor detects a gesture (e.g., movement of person 600) within detection field 520, this

does not silence the alarm.

[0117] At time, t person 600 moves from location 602 to location 603, which is within

detection fields 520 and 530 but not within detection field 540. Now that person 600 is

within detection field 530, the ultrasonic sensor monitoring that field may sense the presence

of person 600. This is shown in ultrasonic sensor object detection waveform 708, which

transitions from LOW to HIGH at time, 1 . In addition, in response to one of the ultrasonic

sensors detecting an object, the speaker may playback a message. As shown in FIG. 6C, the

message is "wave to hush alarm." Any suitable message can be played back, in any

language. The beginning of the speaker message playback is shown in FIG. 7 as speaker

output 712 transitions from LOW to HIGH at time, t . In addition to, or in place of, the audio

message, a visual indicator (e.g., LED 328 of FIG. 3), not shown, may be presented when

person 600 is detected as present within detection field 530. The visual indicator may light

up or rapidly blink when person 600 is within detection field 530. The audio and/or visual

indicator can inform the occupant that the hazard detection system is ready to detect and

process any gestures that the occupant may perform. Moreover, the audio and/or visual

indicator may provide useful feedback to the occupant so that occupant knows when to

perform gesture motions (e.g., because if the occupant performs a gesture outside of detection

field 530 or detection field 540, the hazard detection system may ignore the occupant's

gesture).

[0118] At time, t4, person 600 can vvave one or more arms vvhile in position 603. In

response to detecting the gesture, the hazard detection system can silence the audible alarm.

In FIG. 6D, the "buzz, buzz, buzz" sound is gone. In FIG. 7, PIR gesture detection waveform

7 0 shows that a gesture is detected at time, t4. The simultaneous detection of the gesture by

the PIR sensor and the presence of person 600 within ultrasonic detection field 530 can cause

the hazard detection system to silence its alarm. This is shown at time, t4, when audible

alarm output 7 4 transitions from HIGH to LOW. Alarm event 702 is still HIGH at time, t4,



thus the alann may sound again after a predetermined period of time elapses an alarm event

702 is still HIGH. In addition, if desired, a visual indicator may be presented to indicate that

the alarm has been hushed. Moreover, if further desired, an audible message may be played

back to indicate that the alarm has been hushed. The audible message can specify which

alarm is hushed . For example, if the alarm is a smoke alarm, the audible message can specify

that the smoke alarm has been hushed. As another example, if the alan is a self-test, the

audible message can specify that the self-test has been hushed. In addition, the audible

message can specify for how long the alarm will be hushed. For example, the audible

message may say that "The smoke alann will be silent for five minutes."

[0119] FIG. 8 shows an illustrative detection field for PIR sensor 800 in accordance with an

embodiment. PIR sensor 800 can cast multiple subfields 810a-i to define detection field 802

and can provide an output in the form of raw data when the object moves from one subfield

to another. For example, if an object moves from subfield 810e to subfield 8 1Of, sensor 800

will detect the movement of the object provide it as part of its raw data output. The raw data

outputted by sensor 800 may not correspond to an actual physical measurement (e.g.. Joules),

but may correspond to a combined infrared delta seen by subfields 810a-i within a given time

window. Detected movement of an object from one subfield to another subfield contributes

to an infrared delta. Thus, if there are several objects passing from one field to another, each

of these detected movements can contribute to the combined infrared delta. If, however, an

object does not move and stays perfectly still within one subfield, sensor 800 may not detect

movement of the object, and the infrared delta can effectively be zero. In some

embodiments, the raw data output may be filtered to eliminate ambient infrared noise. For

example, the raw data output of PIR sensor 800 may be filtered by a low-pass Butterworth

filter with a cutoff frequency at 3 Hz. Illustrative examples of filtered PIR outputs are shown

in FIGS. 9A-9D.

[0120] Refening now to FIGS. 9A-9D, several different illustrative graphs showing PIR

sensor data are shown. In order for a gesture detection algorithm according to various

embodiments to ascertain whether a gesture event is being detected, the continuous raw data

received from the PIR sensor or the filtered PIR data may be processed by a segmentation

algorithm. The segmentation algorithm ascertains amplitude and period statistics of detected

motion, and it may be these statistics that are used by a gesture detection algorithm to



determine whether a gesture event motion has been detected. Each graph shows magnitude

of the combined infrared delta versus time. The magnitude can be a function of how much

mass is detected moving from one subfield to another, and the frequency of detected motion

can be a function of how fast the object is moving. FIG. A illustrates a graph in which no

movement is being detected by a PIR sensor. As shown, waveform 910 is flat. FIG. 9B

illustrates waveform 920, which can represent one mass unit (e.g., one arm) moving at a

"normal" speed. As shown, waveform 920 has period T, and amplitude A . FIG. 9C

illustrates waveform 930, which can represent one mass unit moving at a "slow" speed. As

shown, waveform 930 has period ½ T and amplitude A. FIG. 9D illustrates waveform 940,

which can represent two mass units (e.g., two arms) moving at "normal" speed. As shown,

waveform 940 has an amplitude of 2A (e.g., which is twice that of the amplitude generated

by a single mass unit) and a period of T.

[0121] FIG. 10 shows illustrative waveforms of raw and filtered PIR data in accordance

with an embodiment. The x-axis shows a sample number and the y-axis shows energy delta

measured by the PIR sensor. Waveform 1010 may be a raw PIR data waveform and

waveform 20 may be a filtered PIR data waveform. Waveform 20 can include inflection

points 1021, 1022, 1023, and 1024. An inflection point can occur when the slope of a

waveform changes from positive to negative or from negative to positive. The inflection

points shown in FIG. 10 exist when the slope of waveform 1020 changes from positive to

negative. As will be discussed in more detail below, the inflection points can define the

boundaries of detected motion events (e.g., a detected wave motion). As shown, waveform

1020 includes detection motion event 1030, which is bounded by inflection points 1021 and

1022, detected motion event 1040, which is bounded by inflection points 1022 and 1023, and

detected motion event 050, which is bounded by inflection points 023 and 1024. The

period and amplitude statistics of each detected motion event can be determined by applying

a segmentation process. The pseudo-code for such a process can be represented by:

. Obtain last three filtered PIR sensor data values;
2. Determine whether an inflection point exist in the filtered data values;
3. If an inflection point exists, then

a. if a prior inflection point has been observed, then
. Let tperiod = tcurrem-tbegin

. Let y a pli de = Vinax-Vrmii

b. Reset y i and y _x to a current filtered PIR sensor value



C. S t tbegin t O tcurrent

4. If the current filtered PIR sensor value is less than y in, then set ym to the current
filtered PIR sensor value
5. If the current filtered PIR sensor value is more than ym ax, then set y m to the current
filtered PIR sensor value

where o is the period of the detected motion event, nt is the time corresponding to the

inflection point detected in the last three filtered PIR sensor data values, and tbegin is the time

corresponding to the prior inflection point. Yamplitude S the amplitude of the detected motion

event, y m is the minimum amplitude value observed within the detected motion event and

y m is the maximum amplitude value observed within the detected motion event.

[0122] FIG. shows an illustrative state machine 00 for calibrating detection sensors

and for detecting a motion event according to an embodiment of the invention. For ease of

discussion, the right hand side of the FIG. generally refers to the calibration aspect of state

machine 00 and the left hand side generally refers to the motion detection aspect of state

machine 100. During discussion state machine 100, reference will be made to FIGS. 12

and 13 to aid in the description of various embodiments. State machine 100 can be

implemented in any suitable system such as a personal computing device, a security system,

or a hazard detection system. The system operates according to its design criteria and from

time to time, may cause state machine 00 to change states. When the system does not

require any action of state machine 100, state machine 1 00 is in OFF state 102, which can

represent a state in which the sensors are not being used to detect a motion event and are not

being calibrated. In some embodiments, state machine 00 is preferably in OFF state 02

the majority of its operational life to minimize power consumption.

[0123] In order for gestures to be recognized, the system may require a calibration. The

calibration can define a baseline from which various detectors can accurately interpret data

being received from one or more sensors. In one embodiment, in order to determine presence

of an ob ject and the distance of that object from the system, a presence detector may need to

be calibrated. A presence detector can use one or more ultrasonic sensors to determine

whether an object (such as a user) is present within a predetermined vicinity (e.g., detection

field 530 of FIG. 5A) of the system. During calibration, the presence detector can create a

"static" environment model of that predetermined vicinity by determining what objects exist

in that space. Thus, the static environmental model represents what the presence detector



"sees" when no object is attempting a gesture. This can enable the presence detector to

compare "real-time" sensor data to the static model in order to determine whether a "new"

object is present. In addition, the static model can further enable the presence detector to

detect "new" objects even if they are not moving within the predetermined vicinity.

[0124] Starting with the right hand side of the FIG., when the system begins a self-test or

sensor calibration process (at step 0), state machine 00 can transition to calibration

paused state 1 2. State 2 can represent a condition in which calibration has not yet

begun or in which calibration has been postponed because there has been recent movement as

detected by movement detector 14. Movement detector 4 can use a PIR sensor, for

example, and is discussed in more detail below. If movement detector 4 detects

movement, the state machine can revert to calibration paused state 2 . If no movement is

detected, the state machine can proceed to calibrating state 16. In state 6, one or more

ultrasonic sensors can generate the static environmental model. When calibration is complete

(at step 1 18), the state machine can proceed to OFF state 102.

[0125] An embodiment for creating a static environment model is now discussed. An

alternative embodiment for creating a static environment model is also discussed below in

connection with FIGS. 8-21. The model can be defined by a matrix of distances detected in

the detection field of each ultrasonic sensor (e.g., ultrasonic sensors 320 of FIG. 3). The

matrix discretizes the detected distances into separate buckets that are populated with counts,

and it is the counts of these buckets that define the static environment model. The matrix can

be an n x m matrix defined by Ri , where S is a particular ultrasonic sensor, i is the index of a

distance bucket (dbi), and j is the index of the sample. A total of m samples may be taken, m

is an integer. For example, in one embodiment, m can be 00. A sampling size of one

hundred can be achieved by calibrating each ultrasonic sensor for 0 seconds at a 10 hertz

sampling rate. As discussed above, multiple ultrasonic sensors can exist in the system.

Referring to system 400, for example, ultrasonic sensor, S, can be sensor 420 or 422. Each

distance bucket (db ) represents a particular distance that can be detected by the ultrasonic

sensor. The distance buckets can range in distance from a minimum distance to a maximum

distance, and each bucket can be separated by a predetermined resolution. For example, in

one embodiment, the minimum distance can be about 660mm and the maximum distance

bucket can be about 3333mm, and the resolution can be about 60mm. Thus, according to this



exemplary embodiment, the first distance bucket (dbi) can exist at 660mm, the second (db2)

can exist at 720mm, the third (db ) can exist at 780mm, and so on such that the last distance

bucket exists at 3333mm.

[0126] Ri is the number of distances that are within a predefined proximity of distance

bucket (dbi) observed on iteration j by ultrasonic sensor, S. In one embodiment, an observed

distance (d) can exist within a particular distance bucket if (dbi) - 30 < d < (dbi) + 30. The +/-

30 values can define the boundaries of the predefined proximity for each distance bucket.

For example, assume i is 5 and j is 12 and db is 1000mm, and further assume that ultrasonic

sensor, S, detected distances (d) at 990mm and 1013mm at sample iteration 12. As a result,

[0127] Each ultrasonic sensor is calibrated and is assigned its own R model. For example,

referencing system 400, an R model is calibrated for ultrasonic sensors 420 and 422. Once

the R models are obtained for the ultrasonic sensors, two additional arrays can be defined: rs

and qs . rs is an array containing the means for each distance bucket. Thus, n =

su ; ( ij Vm . Relatively large values found in this array can represent the presence of

an object. qs is an array containing the variances for each distance bucket. Thus q s =

varj=i... . (R s ) . Relatively large values found in this array can indicate objects are

intermittently seen or are difficult to detect. The edge of a desk, a ceiling fan, or a piece of

acoustically-absorbent material are examples of objects that may yield a relatively large

variance. Knowledge of which distances are noisy can better enable a presence detector to

avoid false detection of a "new" object.

[0128] FIG. 12 shows illustrative diagrams 1200 an 1210 that may form the calibration

basis of two different ultrasonic sensors according to an example scenario. In particular,

diagram 1200 can include r waveform 1201, which may correspond to the mean values

associated with a first ultrasonic sensor (e.g., sensor 420). Diagram 1210 can include rs

waveform 1211 may correspond to the mean values associate with a second ultrasonic sensor

(e.g., sensor 422). The x-axis shows distance (in feet) and the y-axis represents the mean

values. The spikes, which are labeled as 1202-1205 in diagram 1200 and as 1212-1214 in

diagram 1210, can represent detected objects. For example, in diagram 1200, objects are

detected at distances of approximately 3.9 feet, 5.4 feet, 7.8 feet, and 9.4 feet.



[0129] Referring now back to FIG. 11, and with particular reference to the left hand side of

the FIG., when the system enters into a state (step 1120) that may elicit motion or some other

gesture action by a user, state machine 100 may transition to NO activity state 2, as

shown. For example, in the context of a hazard detection system, when such a system is in an

alarm mode or a pre-alarm mode, the system may expect to monitor a user-based motion to

silence the alarm or a pre-alarm message, and thus monitoring of motion may now be

necessary. NO activity state 122 can represent a state in which no movement has been

detected and no user is currently present. In addition, when state machine 00 is in state

122, the ultrasonic sensors are not used and can be powered off.

[0130] If movement detector 24 (e.g., a detector that uses PIR sensor data) does not

detect any movement, state machine 00 may remain in NO activity state 122. Movement

detector 124 can leverage the PIR sensor data segmentation process to compare the

amplitude (e.g., y m of each detected motion event to a threshold. If the amplitude

meets or exceeds the threshold, movement detector 124 may conclude that some object has

moved within the field of view of the PIR sensor. In some embodiments, movement detector

24 is the same as movement detector 14. If movement detector 124 does detect

motion, state machine 100 may transition to motion detected state 126. Motion detected

state 126 can represent a state in which a radiation sensing sensor such as a PIR sensor or an

optical sensor has detected motion of at least one object, but there has not yet been any

confirmation that that ob ject is present within a predefined vicinity of the system.

[0131] Presence detector 28 may verify whether an object is present within a vicinity of

the system. Presence detector 1128 may construct a "dynamic" model based on real-time

ultrasonic sensor data and compare to the static model in order to determine whether a "new"

object is present. If no presence is detected, the state machine may revert back to motion

detector 1124. If presence is detected, the state machine may proceed to Object present state

30. Object present state 130 can represent that an object is present within a predefined

vicinity of the system. When the system is in object present state 130, it may provide an

audible message and' r visual cue to inform the occupant that he or she is currently being

detected as present and that the system is ready to receive a gesture input from the occupant.

Presentation of the audible message and/or visual cue can assist the occupant in positioning



him or herself within an appropriate field of view of the hazard detection system so that the

system is better able to discern whether the occupant is implementing a gesture.

[0132] An embodiment for creating a dynamic environment model is now discussed,

however, an alternative embodiment is discussed below in connection with FIGS. 18-21. The

dynamic environment model may embody many of the same elements as that used by the

calibration engine to create the static environment model. This model can be defined by a

matrix of distances detected in the detection field of each ultrasonic sensor (e.g., ultrasonic

sensors 320 of FIG. 3). The matrix discretizes the detected distances into separate buckets

that are populated with counts, and it is the counts of these buckets that define the dynamic

environment model. The matrix can be an n x m matrix defined by Di , where S is a

particular ultrasonic sensor, is the index of a distance bucket (dbi), and j is the index of the

sample. A total of m samples may be taken, and m is an integer. For example, in one

embodiment, m can be 20. A sampling size of twenty can net a two (2) second sampling

window at a 10 hertz sampling rate. A D matrix is maintained for each one of the multiple

ultrasonic sensors that exist in the system. Each D matrix is updated with new sensor data

and old data can be discarded. The distance buckets (dbi) used in the D matrices can be the

same as the distance buckets used in the R matrices (discussed above).

[0133] Dij is the number of distances that are within a predefined proximity of distance

bucket (dbi) observed on iteration j by ultrasonic sensor, S. The predefined proximity can be

bounded by the same constraints as the R matrices. In one embodiment, an observed distance

(d) can exist within a particular distance bucket if (db ) - 30 < d < (dbi) ÷ 30. The mean of

real-time observed distances can be defined by di — S j= l ,. . . m(Dijs)/m. Using dis in

combination with calibration arrays S and q S, presence detector 28 can determine

confidence values (cis) for each distance bucket. In particular, the confidence values (ci ) can

be defined as cis = ( s- dis )2/qis for i = 1, 2,..., n . The confidence value can

represent confidence that a detected distance has exceeded the expected variance for a

particular distance bucket. If Cis exceeds a predetermined "new object" variance threshold

then presence detector 28 can conclude that a new object is present at the distance location

of distance bucket (dbi) of ultrasonic sensor, S. This distance can be referred to herein as the

presence distance. The predetermined variance threshold can be tuned to obtained a desired

specificity/sensitivity balance for presence detector 128. For example, increasing the



threshold can decrease sensitivity and increase specificity, and decreasing the threshold can

increase sensitivity and decrease specificity.

[0134] The presence distance of the new object can initially be defined a S — (Umax Umin)/2,

where u is the average distance of the new object, ma is the maximum distance of the new

ob ject, and m is the minimum distance of the new object. If desired, a smoothing function

may be used to update the value of u in order minimize the potential for noise to disturb the

accuracy of the new object's distance. For example, after an initial distance value of the new

object is obtained, the following smoothing function can be used: u = (a)(dbi) + (l-a)u, where

a can be within the range of 0.05 to 0. .

[0135] FIG. 13 shows illustrative waveform diagrams 1300 and 1310 according to an

example scenario. Both diagrams 1300 and 1310 include calibration waveforms and real

time data waveforms for two different ultrasonic sensors. In particular, diagram 1300

includes rs waveform (the same waveform as shown in FIG. 12) and real-time data

waveform 1301 associated with a first ultrasonic sensor. Real-time data waveform 1301 can

be the mean of the real-time observed distances, such as dis described above. When

comparing waveform 1201 to waveform 1301, there is relatively little variation between the

two waveforms. This suggests that the ultrasonic sensor associated with waveforms 1201 and

1301 is not detecting a new object. Diagram 1310 includes rs waveform 121 (the same

waveform as shown in FIG. 2) and real-time data waveform 13 associated with a second

ultrasonic sensor. A comparison between waveforms 12 and 1311 indicates that a new

object may exist at presence distance 1320, which is shown to have a distance of 9.3 feet.

[0136] Referring back to FIG. , and state machine 100 is in object present state 130,

gesture detector 1132 can determine whether a user is performing a gesture. That is, gesture

detector 32 can be utilized when state machine 00 has progressed from motion detected

state 126 to object present state 130. Gesture detector 32 can evaluate data processed by

motion detector 124 and/or presence detector 28 when making a determination whether

the user is performing a gesture. In one embodiment, gesture detector 32 may apply a set

of criteria to a predetermined number of recently received motion detection events. For

example, the predetermined number of can be the last two, three, or four received motion

events. Thus, if the predetermined number is three, then all three motion events must satisfy



the criteria in order for gesture detector 132 to recognize those three motion events as a user

generated gesture. The predetermined number of can be selected based on desired sensitivity

and specificity parameters of gesture detector 1132. For example, as the predetermined

number increases, this can decrease sensitivity and increase specificity. Conversely, as the

predetermined number decreases, this can increase sensitivity and decrease specificity.

[0137] Some of the criteria may be applied to each motion event individually and some

criteria may be applied to the combination of the motion events. The criteria can include a

motion event duration time limit. Thus, if the period of a motion event (e.g., tpenod) exceeds

the motion event duration time limit, then that motion event may be disqualified as being a

gesture. As an alternative to the time limit, the criteria may specify a range of periods that

each motion event's period must fall within. The criteria can specify a range of amphtudes

within which the motion event's amplitude (e.g., yampiitude) must be in order to quality as a

gesture event. The range of amplitudes may vary based on the presence distance, u, defined

above. The criteria can apply a standard deviation threshold to the amplitudes of each motion

event. Thus, in order for the motion events to qualify, the amplitude of each motion event

must be within a predetermined number of standard deviations of an average amplitude of the

combined motion events. The criteria can also apply variance thresholds to the motion

events. Thus, in order for the combined motion events to qualify, the variance of periods

must be less than a predetermined variance threshold. In some embodiments, gesture

detector 32 can recognize multiple different gestures.

[0138] If gesture detector 132 does not recognize a gesture, the state machine can revert

back to presence detector 128. If a gesture is recognized, the state machine may proceed to

gesture recognized state 34. Once state machine 00 reaches state 34, the system may

take appropriate action responsive to the confirmation that a gesture is recognized. For

example, in the hazard detection system context, a recognized gesture may result in silencing

of a loud sounding alarm or result in ceasing playback of a pre-alarm message. The state

machine may proceed to OFF state 02 after it reaches state 134, as shown.

[0139] Various parameters within presence detector 28 can be tuned to obtained a

desired specificity/sensitivity balance. The distance resolution can be a tunable parameter

that can alter the sensitivity and specificity of presence detector 1128 and the calibration



thereof. As mentioned above, the distance resolution defines the distance buckets. An

increase in resolution can increase specificity and can decrease sensitivity. For example, by

increasing the resolution, a new object can be detected at more precise distances and thus

may be less likely to be obstructed by objects in the ambient environment, but the new object

may be falsely detected due to a relatively low number of samples in each distance bucket.

Conversely, a decrease in resolution can decrease specificity and can increase sensitivity. For

example, by decreasing the resolution, the sample size can be increased to provide more

robust statistics that enhances the confidence factor of whether a new object is present, but

objects in the ambient environment may tend to interfere.

[0140] The variance threshold for qualifying new objects as being present can be tuned to

obtain a desired sensitivity/specificity balance. As discussed above, the variance threshold is

the threshold compared to the confidence value at different distances. The variance threshold

can be a tunable parameter that can alter the sensitivity and specificity parameters of presence

detector 128.

[0141] FIGS. 14A-14C show an illustrative process for operating a hazard detection system

with gesture hush capability in accordance with an embodiment. This process can be

implemented, for example, in a hazard detection system that includes at least one hazard

sensor, alarm generation circuitry, PIR sensor, and at least one ultrasonic sensor. For

example, the hazard detection system can be system 200, 300, 400, or 500 as discussed

above. Starting with step 1002, data is received from at least one hazard detection sensor.

For example, the data can be obtained from one or more of sensors (e.g., ALS sensor 322,

temperature and humidity sensor 323, smoke detector 324, CO sensor 325, and thermistors

326). The sensor data can be analyzed to determine whether a pre-alarm event or alarm event

exists in the vicinity of the hazard system. A Pre-alarm event can be characterized as having

similar sensor data as an alarm event, but does not have the same magnitude as that which

would cause an alarm event. In other words, pre-alarm event may exhibit data qualities that

surpasses a first threshold (which is sufficient to trigger a pre-alarm event) but is less than a

second threshold (which is sufficient to trigger an alarm event). An alarm event may exhibit



data qualities that equal or surpass the second threshold, and in some embodiments, may even

surpass a third threshold, which is higher than the second threshold.

[0142] In some embodiments, the alarm event can be categorized as a hushable alarm event

or a non-hushable alarm event. A hushable alarm event is one in which an audible alarm can

be silenced (e.g., by pressing a button on the hazard system or by performing a gesture hush

in a vicinity of the system), and a non-hushable alarm event is one in which an audible alarm

cannot be silenced. A hushable alarm event may exhibit data qualities that equal or exceed

the second threshold but are less than the third threshold. A non-hushable alarm event may

exhibit data qualities that equal or exceed the third threshold. Different categorization of

alarm events may be needed to satisfy requirements of different jurisdictions. For example,

in the United States, if the data qualities exceed the third threshold, the audible alarm cannot

be turned off.

[0143] After step 1402, the process proceeds to step 1410. At step 1410, a determination is

made whether the sensor data for the at least one hazard detection sensor exceeds a first

threshold but not a second threshold. If the determination is NO, the process can proceed to

step 1415, which then reverts the process back to step 1402. If the determination is YES, the

hazard detection system can enter into a pre-alarm mode, and the process proceeds to step

4 2 of FIG. 14B. At step 14 , a pre-alarm recording can be played back. The pre-alarm

recording can be any suitable message that can be played through a speaker of the hazard

detection system. The pre-alarm recording can be an informative message indicating that an

alarm is imminent. The pre-alarm may also instruct a user to perform a gesture event to

prevent the hazard system from sounding its audible alarm in the event the sensor data is

received that indicates the presence of an alarm event. At step 1413, sensor data acquired

from at least one object detection sensor is monitored. The monitored sensor data can include

data obtained from a PIR sensor, one or more ultrasonic sensors, or any other radiation

detecting sensor or image capturing sensor.

[0144] At step 1414, a determination is made as to whether the monitored data indicates a

gesture event has been performed. If the determination is NO, the process can proceed to

step 1415, which then reverts the process back to step 1402. If the determination is YES, the

process proceeds to step 1416. At step 1416, playback of the pre-alarm recording can cease.



In some embodiments, another recorded message can be played back in response to a

detected gesture event. The other message can inform the user, for example, that the gesture

event has been recognized and that the audible alarm will be temporarily disabled. At step

1417, an audible alarm is pre-emptively silenced in the event the sensor data for the at least

one hazard detection sensor exceeds a second threshold but not a third threshold. Thus, if the

environmental conditions in and around the hazard detection system exhibit increased levels

that would otherwise trigger an alarm event, the monitored gesture event, which was received

prior to the elevated levels, prevents an audible alarm from sounding. After step 1417, the

process can proceed to step 1415, which returns the process back to step 1402.

[0145] Referring back to FIG. I4A, if the determination at step 1410 is NO, the process can

proceed to step 1420. At step 1420, a determination is made whether the sensor data for the

at least one hazard detection sensor exceeds the second threshold but not a third threshold. If

the determination is YES, the hazard detection system can enter into a hushable alarm mode,

and the process can proceed to step 1422 of FIG. IOC. At step 1422, an audible alarm is

sounded. The audible alarm can, for example, be relatively loud and pulse at regular

intervals. At step 1423, sensor data acquired from at least one object detection sensor is

monitored. The monitored sensor data can include data obtained from a PIR sensor, one or

more ultrasonic sensors, or any other motion detecting sensor.

[0146] At step 1424, a determination is made as to whether the monitored data indicates a

gesture event has been performed. If the determination is NO, the process can proceed to

step 1425, which then reverts the process back to step 1402. If the determination is YES, the

process proceeds to step 1426. At step 1426, the audible alarm can be silenced. In some

embodiments, the audible alarm can be silenced for a predetermined period of time,

regardless of the hazard detection sensor readings. In other embodiments, the audible alarm

can be silenced for a predetermined period of time, but can be sounded on demand based on

hazard detection sensor readings. After step 1426, the process can proceed to step 1425.

[0147] Referring back to FIG. 14A, if the determination at step 1420 is NO, the process can

proceed to step 1430. At step 1430, a determination is made whether the sensor data for the

at least one hazard detection sensor exceeds the third threshold. If the determination is YES,

the hazard detection system can enter into a non-hushable alarm mode, and the process can



proceed to step 1432. At step 1432, an audible alarm can be sounded for an indefinite period

of time or at least until the sensor data for the at least one hazard detection sensor drops

below the third threshold. If the determination is NO at step 1430, the process can proceed

back to step 1402.

[0148] It is understood that the conditions for steps 1410, 1420, 1430 are merely illustrative

and that any suitable conditions can be used to determine whether a pre-alarm event or alarm

event exists. For example, various conditions for determining when pre-alarm and alarm

events exist can be found be found in commonly assigned, co-pending U.S. Patent

Application No. / , , filed concurrently herewith (Attorney Docket number GP-5743-

00-US), entitled "Systems and Methods for Multi-Criteria Alarming, '

[0149] FIG. 15 shows an illustrative process in which a hazard detection system silences an

audible alarm in response to monitoring a gesture in accordance with an embodiment.

Starting with step 502, an audible alarm is emitted in response to a detected hazard event.

For example, the detected hazard event can be the presence of smoke in the vicinity of the

hazard detection system. The audible alarm can be emitted by audio generation circuitry,

such as alarm 334 of FIG. 3.

[0150] Then, at step 1504, a recording can be played back that provides instructions on

how to at least temporarily silence the audible alarm. For example, a pre-recorded message

can be played through speaker 3 8 of FIG. 3. In some embodiments, the recording can be

played back if the hazard detection system detects motion. For example, if a motion

detection sensor, such as a P R sensor, detects motion within its field of view, this may

trigger playback of the recording. As another example, playback of the recording may be

triggered if an ultrasonic sensor detects presence of an object within its field of view.

[0151] At step 1506, an object is detected moving in a vicinity of the hazard detection

system in accordance with the instructions of the recording. In this step, one or more object

detecting sensors may detect the object moving within their respective fields of view.

Moreover, data acquired from these sensors can indicate that a gesture event was detected.

The gesture event may be any suitable movement or combination of movements. In one

example, the gesture event can be a waving motion of one or two arms.



[0152] At step 1508, the audible alarm is at least temporarily silenced in response to

detecting the object moving in accordance with the instructions of the recording. In this step,

the audible alarm is turned OFF in response to an affirmative command by a user. The

audible alarm may remain OFF for a predetermined period of time before being reactivated,

at which time the user may have to commence another gesture event to silence it.

[0153] FIG. 6 show an illustrative process for operating a hazard detection system

equipped with at least one ultrasonic sensor in accordance with an embodiment. Starting at

step 602, alarm generation circuitry can be activated to emit an audible alarm. The audible

alarm can be activated, for example, in response to data received by one or more hazard

detection sensors. Next, at step 1604, at least one ultrasonic detection field can be monitored

for presence of at least one object. For example, the ultrasonic detection field can be

detection field 530 of FIG. 5A or FIG. 6D. At step 1606, a determination is made whether

the at least one object is moving in accordance with a gesture while the at least one object is

present in the at least one ultrasonic detection field. For example, the moving arms of person

600 in FIG. 6D can be an object moving in accordance with a gesture while within ultrasonic

detection field 530.

[0154] At step 1608, the alarm generation circuitry is deactivated to cease emitting the

audible alarm when it is determined that the at least one object is moving in accordance with

the gesture while the at least one object is present in the at least one ultrasonic detection field.

The moving object and the object present within an ultrasonic field can be the same or

different. For example, referring briefly to FIG. 6D, the body of person 600 may be present

and stationary within detection field 530, but the arms can be moving in and out of detection

field 530. The presence of the body can be sufficient to satisfy the presence requirement

within an ultrasonic field, and the movement of the arms can be sufficient to satisfy the

gesture movement.

[0155] FIG. 7 show an illustrative process for operating a hazard detection system

equipped with a PIR sensor and at least one ultrasonic sensor in accordance with an

embodiment. Beginning with step 1702, an audible alarm can be emitted in response to a

hazard event detected by the at least one hazard detection sensor. At step, 1704, sensor data

can be received from a passive infrared (PIR) sensor. The PIR sensor has a relatively wide



field of view for detecting movement of at least one object. At step 1706, sensor data is

received from at least one ultrasonic sensor, each ultrasonic sensor having a relatively narrow

field of view for detecting presence of the at least one object. The narrow field of view is less

than the wide field of view.

[0156] Then, at step 1708, data acquired by the PIR sensor and the at least one ultrasonic

sensor can be processed. The data can be processed, for example, by control circuitry (e.g.,

system processor 310). At step 1710, a determination is made whether a gesture hush event

exists in the processed data. For example, the control circuitry can analyze the amplitude and

period of waveforms in the processed data. Examples of these waveforms are discussed

above in connection with FIGS. 9A-9D. Then, at step 17 2, the audible alarm ceases to

sound when the gesture hush event is determined to exist.

[0157] Alternative embodiments for calibrating the ultrasonic sensors, detecting presence

of new objects using the ultrasonic sensors, and detecting a gesture are now discussed, with

occasional reference to the state machine of FIG. . Calibration of the ultrasonic sensors is

now discussed. In particular, the calibration process, which is shown on the right hand side

of FIG. , can be implemented by generating a histogram of all distances sensed by each

ultrasonic sensor. When generating the histogram, a count is added to each distance bucket

sensed by the ultrasonic sensor. A distance bucket can exist between a pre-defined range of

distances, separated by a fixed interval. For example, the range can be between one foot and

ten feet, with buckets separated by 0.2 feet. Thus, a first distance bucket can exist between 1

foot and 1.2 feet, the next can exist between 1.2 feet and 1.4 feet, and the next can exist

between 1.4 feet and 1.6 feet, and so on until the last bucket reaches feet. In addition, for

each detected distance, a count is added to both adjacent distance buckets. For example, if an

object is detected within distance bucket X, a count is added to distance bucket X, and a

count is added to distance buckets X-1 and X+1. Adding counts to adjacent distance buckets

can account for variances in ultrasonic sensor's ability to detect objects at different distances.

[0158] After the histogram of distance buckets for each ultrasonic sensor is obtained, a

filter can be applied to it to generate a binary matrix for each sensor. The binary matrix

represents whether an object exists at each distance bucket for the entire range of distances.

An object may be considered to exist at a particular distance bucket if the number of counts



in that bucket meet or exceed a threshold set by the filter. Thus, if the number of counts for a

given bucket meets or exceeds the threshold, a binary "1" may be stored in the binary matrix

corresponding to that distance bucket. If the number of counts for a given bucket does not

meet or exceed the threshold, that bucket is stored as a binary "0." This filter threshold can

help eliminate any noise that may be present in the histogram. In some embodiments, the

filter can ensure that the binary I s assigned to various distance buckets in the matrix are

indicative of a higher likelihood than not, that an object is present at those distances. An

exemplary calibration matrix 180 is shown in FIG. 18, where C represents a binary

calibration matrix for one of the ultrasonic sensors. As shown, matrix 0 1 has n different

distance buckets, as indicated by db , db2, db and so on until db . Each position in matrix

80 corresponds to a different distance bucket. A "1" indicates an object is present at that

distance bucket, and a "0" indicates no object is present at that distance bucket. A calibration

matrix can be obtained for each ultrasonic sensor at regular intervals (e.g., once a day).

[0159] During non-calibration usage of the ultrasonic sensor, such as during execution of

the lefthand side of the flowchart of FIG. 1, and particularly for presence detection step

128, a real-time binary sensor matrix can be generated for each ultrasonic sensor. The same

criteria used for generating the calibration matrix may be used for generating a sensor matrix.

An exemplary real-time sensor matrix 8 is shown in FIG. 8, where S represents a rea l

time binary sensor matrix for one of the ultrasonic sensors. As shown, matrix 8 includes

the same number of distance buckets as matrix 1801 and each position in matrix 18 is

populated with either a "1" or ' " depending on whether an object is detected as present.

[0160] A comparison between matrix 80 and matrix 8 indicates whether any new

objects have been added or any old objects have been lost. An object is added if the real-time

sensor matrix indicates the presence of an object at a particular distance bucket that did not

exist in the calibration matrix. For example, in comparing db2 of both matrices, a new object

is added because a "I" now exists in matrix 8 , whereas in calibration matrix 1801, no

object previously existed at that distance bucket. An object is lost if it exists as a present

object in the calibration matrix, but is no longer detected as present in the real-time sensor

matrix. Comparing db7 of both matrices, an old object is lost because matrix 1801

previously detected the presence of an object, but according to matrix 8 , that object is no



longer present. For example, whereas during calibration the sensor may have detected a wall

at db7, but during usage, the presence of a user may prevent the sensor from seeing that wall.

[0161] The result of the comparison between matrices 80 1 and 181 can indicate whether

an object is present. Any suitable formula or criteria can be used to determine whether an

object is present within an ultrasonic sensor's field of view. For example, in one

embodiment, an object can be considered present if the number of newly added objects is

equal to or greater than a first predetermined number (e.g., two), or if the number of newly

added objects is equal to or greater than a second predetermined number (e.g., one) and the

number of lost objects is equal to or greater than a third predetermined number (e.g., one).

Referring briefly to FIG. , if the comparison between matrices 180 and 8 indicates that

an object is present at step 1128, then the state machine of FIG. can transition to object

present state 1130.

[0162] In some embodiments, different criteria can be use for one or more of the

ultrasonic sensors. For example, if the hazard detection device is mounted on the ceiling, a

first set of criteria may be used. However, if the hazard detection device is mounted to a

wall, a second set of criteria may be used. A ceiling mounted device may require less

stringent criteria than a wall mounted device. These different criteria can be used in different

stages of the state machine of FIG. . In some embodiments, the device can determine how

it is mounted based on accelerometer data, if it is equipped with an accelerometer. If there no

accelerometer or other device that indicates device orientation, the device can infer how it is

mounted based on data obtained from its ultrasonic sensors. For example, if the angled

ultrasonic sensor (e.g., sensor 423) is detecting a relatively large percentage of present objects

(e.g., more than 60%, more than 70%, or more than 80%), then it can be inferred that the

device is mounted to the wall. If both the straight and angled sensors (e.g., sensors 4 and

423) are detecting objects in approximate equal percentages, then it can be inferred that the

device is mounted to the ceiling.

[0163] After an object is detected as present, gesture detector 1 32 may need to know

which ultrasonic sensor is detecting the presence of the object. This detennination can be

made dynamically by calculating which sensor has the largest number of distance changes.

The number of distance changes can be calculated by adding the number of newly added



objects to the number of objects lost. For example, referring to matrices 1801 and 1811 of

FIG. 18, the number of distance changes for that particular ultrasonic sensor is 2, since there

is one added object and one lost object. If, for example, the number of distance changes for

the other ultrasonic sensor (not shown) is one, then the ultrasonic sensor associated with

matrices 1801 and 18 may be deemed as the actual sensor sensing presence of the object.

When a sensor is chosen as the "correct" sensor, the state machine may stick with this sensor

for determining whether a gesture is detected at step 132 until it no longer sees the object.

[0164] Moreover, as part of gesture detection at step 132, the state machine may use a

distance settling algorithm to reduce potential for false positives. The distance settling

algorithm may be able to determine periods of time when an occupant is detected within a

field of view of an ultrasonic sensor, and is not moving closer to or away from the hazard

detection device. For example, the distance settling algorithm can discern when an occupant

enters a room containing the hazard detection system, when the user stops moving towards or

away from the hazard detection system, and when the user exits the room. In order to

minimize or prevent false positives, it may be desirable to ignore PIR gesture motions unless

the occupant is relatively still. Thus, if the occupant is moving (e.g., walking into or out of

the room), then any PIR gesture motions may be ignored. However, if the user is relatively

still and is moving his or her arms and hands to implement a gesture motion, this motion may

be processed as a potential gesture motion.

[0165] Referring now to FIG. 1 A, an illustrative waveform 190 is shown. Waveform

90 can represent distances detected by one of the ultrasonic sensors over time. In one

embodiment, waveform 90 may be based on data obtained from the ultrasonic sensor

determined to be detecting presence of the object. Waveform can be generated by

ascertaining the closest distance added during each sample period. As shown, at time, t , a

new distance is added at a relatively far distance away from the sensor (shown as dl), but as

time progresses, the new distances added appear as decreasing distances to the sensor, until it

the distances settle out around d2. An occupant may have walked into a room between times

t and t2 and stopped moving towards or away from the sensor between times t2 and t3. The

user, however, may be moving his or her arms or hands between times t2 and t3. After time

t3, the occupant may have walked out of the room because the new added distances increase

in distance away from the sensor.



[0166] The distance settling algorithm may generate a derivative waveform 1 1, as shown

in FIG. 19B, based on the closest distance sampling described above in connection with FIG.

9A. Derivative waveform 19 may be represented by an absolute value of the differences

of waveform 90 . As shown, the peaks of waveform 9 correspond to the relatively large

distance changes between times t l and t2, and between times t3 and t4. In addition, the flat

portion of waveform 19 corresponds to the relatively unchanging portion of waveform

1901. The distance settling algorithm can impose threshold 19 on waveform 19 to

determine when the occupant is settled or not. If any portion of waveform 9 1 exceeds

threshold 1913, then it can be considered that the occupant is not settled and no gesture

processing inputs will be processed while waveform 19 is considered not settled. Thus, as

shown, since waveform 191 exceeds threshold 1913 between times t and t2, and again

between times t3 and t4, no gesture inputs may be considered within these timeframes. Thus,

even if the PIR sensor is detecting a waving motion between either times t l and t2 or times t3

and t4, these PIR sensor readings may be discarded. However, if the PIR sensor is detecting

motion between times t2 and t3, for example, the PIR sensor data obtained during this time

period may be used by a gesture detection algorithm.

[0167] The gesture detection algorithm (such as the algorithm processed at step 32 of

FIG. ) can analyze PIR sensor data during settled periods, as determined by the distance

settling algorithm, to determine whether a gesture motion (e.g., a wave) exists in the PIR

sensor data. The PIR sensor data may be analyzed by first determining the peaks in the PIR

sensor data. Peaks can be ascertained using, for example, a slope change detection method or

a zero-cross detection method. In the slope change detection method, changes from positive

to negative slope can mark a max of a peak, and changes from negative to positive can mark

a minimum of a peak. If desired, hysteresis can be built into the slope change detector to

ignore sudden and abrupt slope changes. This can be accomplished by applying thresholds to

qualify peaks as a max peak or a minimum peak. For example, in order for a peak to be

considered a max peak, the waveform must drop a predetermined number below the max

peak. If it does, then the peak can be recognized as a max peak. This can guard against a

situation where a peak is reached, then the waveform drops a miniscule amount and the starts

rising again to another peak. But for the threshold, this miniscule peak would be registered as

a peak. The same basic principle applies to minimum peaks. When a minimum peak is



reached, the waveform must rise at least a predetermined amount Once the max and min

peaks are found, the amplitude and period of the gestures can be ascertained. In the zero-

cross method an average value of the PI sensor data is obtained, and compared to the raw

PIR sensor data. Zero crosses occur when the average value of PIR sensor data intersects

with the raw PIR sensor data. The amplitude and period of the PIR sensor data can be

obtained from the zero crosses. In some applications, the slope change detector may more

applicable, whereas in other applications, the zero-cross detector may be more applicable.

For example, since wave-like gesture motions are fairly consistent - thereby producing a

relatively non-noisy signal - the slope change detector may be the more suitable detector for

detecting waves. However, when the PIR data is relatively noisy, the zero cross detector

may be the more suitable detector for detecting motions in the PIR data.

[0168] Regardless of which detector is used, the amplitude and period of each gesture

motion is obtained. For example, FIG. 20 shows an illustrative gesture waveform 2001,

which may represent a wave gesture. Waveform 20 has amplitude A and period P . If

the amplitude and period of the waveform meet predefined criteria, then the amplitude and

period of that waveform are stored in a rolling buffer of wave gestures. The predefined

criteria can define the lower and upper bounds for the amplitude and the lower and upper

bounds of the period. FIG. 2 1 shows illustrative buffer 2101. The rolling buffer of wave

gestures can store a fixed number of waves. For example, as shown in buffer 2101, four

waves are stored. As each new wave satisfying the predefined criteria is obtained, it is rolled

into the buffer. If the buffer is full, the new wave can push out an old wave. This way, the

buffer stores the newest waves satisfying the criteria. If no new waves satisfying the

predefined criteria are received wdthin a predetermined period of time, the buffer is cleared.

[0169] When buffer 2101 has stored therein two or more waves, pair wise combinations of

waves are compared to determine whether a comparison between two waves satisfies a set of

conditions. As shown in FIG. 21, three different pair wise combinations are shown, Pwl,

Pw2, and Pw3. Pwl can be a comparison between wave 1, which includes A l and P , and

wave 2, which includes A2 and P2. Pw2 can a comparison between wave 2, which includes

A2 and P2, and wave 3, which includes A3 and P3. Pw3 can a comparison between wave 3,

which includes A3 and P3, and wave 4, which includes A4 and P4. If desired, a pairwise

combination can be made between wave 1 and wave 3, or between wave 2 and wave 4.



[0170] For each pair wise comparison, the average amplitude and average period of two

waves may be applied to a set of conditions. The conditions can specify upper and lower

bounds of the average amplitude and upper and lower bounds of the average period. If the

average amplitude and average period of the pair wise combination meet the conditions, the

two waves may be considered to be a matched wave pair. In some embodiments, one

matched wave pair may be sufficient to qualify as a detected wave gesture. In other

embodiments, two or more matched wave pairs may be required in order for the PIR sensor

data to qualify as a detected wave gesture. It is understood that the pair wise comparison can

be made with settled and unsettled PIR data, and that the gesture detection algorithm

according to various embodiments can decide how best to use the settled and unsettled factors

in evaluating the PIR data.

[0171] Referring now to FIGS. 22-25, a shape matching algorithm for detecting wave

events in a PIR sensor waveform is discussed. The shape matching algorithm may be

implemented at the gesture detection step 1132 of FIG. 1, and as its name implies, it

searches for repetitive pattern shapes across successive periods to determine whether the PIR

sensor is capturing a wave event. The shape matching algorithm can do this by slicing the

PIR waveform into several windows, analyzing the waveform pattern in each window, and

determining whether periodic matching patterns occur within that window. If a sufficient

number of matching patterns are detected, then it may be inferred that a wave event is

detected. The algorithm calculates a difference between a scaled "non-wave" score and a

"wave" score and compares that difference to a threshold. If the difference exceeds the

threshold, a "wave" pattern is detected. The shape matching algorithm can be expressed by

the following equation:

a cl - c2 > t (1)

where a is a weighting factor used to scale C , C is the score of a non-wave within a

window of samples, W (not shown), C2 is the score of a wave within the same window of

samples, W, and t is the threshold for determining whether a pattern match is detected. The

window, W, includes a fixed number of samples that are used to compute C and C2. The

size of the window can be changed to adjust the number of samples used to compute C and



C2. The values selected for a and t and may depend on the size of W. For example, a larger

sized W may result in a higher t, whereas a smaller sized W may result in a lower t .

[0172] The formula in equation 1 may represent a simplified statistical expression of

whether a wave pattern is detected. The C and C2 terms may each represent a score based

on a negative log of a probability function, where the probability function of C is

mathematically related to a non-wave probability (illustratively shown by equation 2) and the

probability function of C2 is mathematically related to a wave probability (illustratively

shown by equation 3). The probability functions of equations 2 and 3 may each resemble a

likelihood function. Thus equation 2 may describe the probability a particular sequence of

samples is observed given that the source of samples is not a wave, and equation 3 may

describe the probability a particular sequence of samples is observed given that the source of

samples is a wave.

m i ¾ (3)

[0173] Equations 2 and 3 can by simplified by talcing the negative logarithm of each

probability function, thereby eliminating the exponential terms. As result, C and C2 may

also be mathematically related to a negative log likelihood function. However, the C and

C2 used in equation 1 may not be strictly represented by either the probability function or the

negative log likelihood function because equation 1uses the weighting factor, a , and the

threshold, t, to "absorb" and simplify all other constant terms (e.g., σ and ) from which

equation 1 is derived. The values selected for a and t may be chosen to optimize the

performance of the shape matching algorithm.

[0174] The non-wave score, C , and wave score, C2, are both calculated using the same

window of samples, W. The non-wave score, CI, represents a probability that the samples

within the sample size, W, are not part of a wave. This calculation is the sum of the square of



the differential between successive samples within the sample size. This calculation can be

expressed by the following equation:

(

where W is the sample size, ∆χί is the difference between the current sample, xi, and the

previous sample, xi-i, and ∆χί-ι is the difference between the previous sample, xi-i and two

samples prior, xi-2. In other words, each score calculation represents whether the current

sample "appeared" where it was expected to be. A relatively low non-wave score (C may

be interpreted that, under an assumption for the given set of samples, that the user is not

waving. FIG. 22 illustrates a timing diagram of a PIR waveform 2202. As shown, is

expected to be the location shown, based on the location of prior samples in waveform 2202.

If the samples appear to be occurring where they are expected to be (e.g., shown as the

expected location for xi), then the probability that the PIR samples represent a non-wave may

be relatively LOW and as a result, the calculated score may be relatively HIGH. If the

samples do not appear to be occurring where they expect to be (e.g., they are randomly

jumping all over the place, which is shown in the FIG. as the not expected location for x ),

then the probability that the PIR samples represent a non-wave are relatively HIGH, and as a

result, the calculated score may be relatively LOW.

[0175] The wave score, C2, represents a probability that the samples within the sample

size, W, are part of a wave. This calculation is the sum of the square of the differential

between a current sample and (the current sample one lambda ago, where lambda is a period

of a wave). In other words, each wave score calculation represents whether a wave exists at a

periodic interval, where the period is represented by lambda, λ. The calculation can be

expressed by the following equation:

(5)

where W is the sample size, ∆χί is the difference between the current sample, xi, and the

previous sample, xi-i, and x s the difference between the sample one lambda ago, xi-λ, and

the prior sample one lambda ago, χί-λ-ι. A relatively low wave score (C2) may be interpreted

that, under an assumption for the given set of samples, that the user is waving. FIG. 23

shows an illustrative waveform of PIR waveform 2302. FIG. 23 also shows the λ, ∆χί-λ, xi,



xi-i, ∆ ¾ Thus, using equation 5 above, the result calculates the score of whether ∆ χ

resembles ∆ χ ->. for period, λ . As illustrated in waveform 2302, ∆ ¾ closely resembles ∆ ¾-λ.

As such the probability that a wave exists for period, λ, is HIGH, and the resulting value of

the wave probability calculation for ¾ is LOW. However, if i does not closely resemble

∆ χί-λ, then the probability that a wave exists is LOW, and the resulting value of the wave

score calculation is HIGH.

[0176] Equation 1 specifies that it is the balance between C an C2 (along with a and t)

that determines whether a wave pattern is detected. That is, the shape matching algorithm

compares C and C2 to each other and does not evaluate each of C and C2 independently to

determine whether a pattern is detected. For example, assume a sequence of samples were all

the same (a flatlined sensor). In such a sequence, the C2 wave score would be zero,

and since lower values mean higher likelihood, this could be interpreted to

indicate that the probability of wave was high. However, as equation 1 specifies, it is

the balance between the CI and C2 terms (and a and t) that dictates whether a wave pattern is

detected, because the C non-wave score would also be zero for the same sequence. Thus,

irrespective of a, the non-wave score may have to higher than the wave score in order for the

shape matching algorithm to detect a wave pattern.

[0177] The shape matching algorithm may calculate a wave score, C2, for several different

waving periods. For example, the shape matching algorithm may calculate C2 for waving

periods ranging between mm and ma . For example, FIG. 24 shows an illustrative PIR

waveform 2402 sampling within window W, and several different waving periods. Any

suitable number of waving periods may be used to calculate a corresponding number of wave

scores, C2. As shown, FIG. 24 has waving periods, λ ώ , + , λ «η+2 , and m , each of

which start at position (i). The shape matching algorithm may calculate a wave score for

each of the multiple waving periods to find a best fit match with a user's actual wave. After

the wave scores for all waving periods are calculated, the shape matching algorithm may

select the smallest calculated score for use in equation I, as the smallest calculated number

represents the best match.

[0178] In practice, the user's actual wave may not have a constant period. That is, when

the user is waving, the movements may have the same approximate wave motion, but each



wave is not exactly the same. The shape matching algorithm can take these variations into

account by incorporating tolerance factors for each λ period calculation. This way, the shape

matching algorithm can detect period pattern matches even though they are not exactly the

same. For example, a C2 that takes the variations into account may be expressed by equation

6 :

¾ rt & - (6)

where the variable s represents the "slack" that varies over the range of mm and λ . After

each C2 is calculated according to equation 6, the smallest calculated C2 is chosen for use in

equation 1.

[0179] FIG. 25 shows an illustrative flowchart of steps that may be executed by a shape

matching algorithm according to an embodiment. These steps may be executed, for example,

after it is determined a user is present by analyzing ultrasonic data. As another example,

these steps may be performed in step 132 of FIG. 11. Starting with step 2502, PIR signals

may be received from a PIR sensor. For example, the PIR sensor may be PIR sensor 327 of

FIG. 3. Then, at step 2504, a window of PIR samples can be selected for wave event

evaluation. The size of the window may vary to include a desired sample set of PIR signals.

In some embodiments, the size of each window used may be the same for each successive

wave event evaluation. In other embodiments, the size of the windows may vary from one

wave event evaluation to the next. For example, a first window may include X samples, and

a second window may include Y samples, where Y is greater than X. A sequence of

windows may include any combination of windows (e.g., five instances of a first window,

followed by three instances of a second window, followed by five instances of the first

window, and so on).

[0180] Furthermore, in another embodiment, the windows for successive wave event

calculations may or may not overlap. For example, a non-overlapping wave event calculation

may include an exclusive sample set. That is, the samples used for each calculation are used

only for that calculation and no other samples. Overlapping wave events can use non

exclusive sample sets. That is, the same sample may be used by more than one wave event



calculation. Computational overhead may increase when calculating wave events for

overlapping windows.

[0181] At step 2506, a non-wave score for the sample set may be calculated. As discussed

above, the shape matching algorithm may use equation 4 to calculate the non-wave score. A

wave score may also be calculated for the same sample set, at step 2508. As also discussed

above, the shape matching algorithm may use equation 5 or 6 to calculate the wave score. At

step 2510, the non-wave score may be scaled by a constant, a , which may have a value based

on a number of factors, including, for example, the size of the window.

[0182] At step 2512, a determination may be made as to whether a difference between the

scaled non-wave score and the wave score exceed a threshold, t . This determination can be

represented by equation 1, as discussed above. The threshold, t, may be based on any

suitable number of factors, including the value of the scaling constant, a , and the size of the

window. If the determination at step 2512 is YES, a wave detection counter may be

increased, as indicated by step 2514. If the determination at step 2512 is NO, a miss counter

may be incremented (as indicated at step 2515). At step 2516, a determination is made

whether the miss counter exceeds a miss threshold. If the determination is YES, the wave

detection counter may be reset (as indicated by step 2517), and the process loops back to step

2502, where the shape matching algorithm evaluates wave detection for another sample set of

data. If the determination at step 2516 is NO, the process may loop back to step 2502.

Continuing on to step 2518, a determination is made as to whether the wave detection counter

exceeds a wave count threshold. If the determination is NO, the process loops back to step

2502. If the detennination is YES, a wave may be detected, as indicated by step 2520.

[0183] It is to be understood that the steps shown in the flowcharts of one or more of

FIGS. , 14A-14C, 15-17, and 25 are merely illustrative and that existing steps may be

modified or omitted, additional steps may be added, and the order of certain steps may be

altered.

[0184] It is understood that although the embodiments described herein with respect to a

hazard detection system, these embodiments may also be used in any system or device where

it is desired to maintain sensing and monitoring of other events while updating the

operational capabilities of one of more components of that system or device. For example,



the other events can include events that are not necessarily tied to hazards such as smoke,

CO, and heat, but can include motion detection, sound detection, and the like. Events

reported by remote devices may also be taken into account. For example, security device

such as window and door sensor, and motion detection sensors that provide feedback to a

system may quality as other events.

[0185] Moreover, the processes described with respect to FIGS. 1-25, as well as any other

aspects of the invention, may each be implemented by software, but may also be

implemented in hardware, firmware, or any combination of software, hardware, and

firmware. They each may also be embodied as machine- or computer-readable code recorded

on a machine- or computer-readable medium. The computer-readable medium may be any

data storage device that can store data or instructions which can thereafter be read by a

computer system. Examples of the computer-readable medium may include, but are not

limited to, read-only memory, random-access memory, flash memory, CD-ROMs, DVDs,

magnetic tape, and optical data storage devices. The computer-readable medium can also be

distributed over network-coupled computer systems so that the computer readable code is

stored and executed in a distributed fashion. For example, the computer-readable medium

may be communicated from one electronic subsystem or device to another electronic

subsystem or device using any suitable communications protocol. The computer-readable

medium may embody computer-readable code, instructions, data structures, program

modules, or other data in a modulated data signal, such as a carrier wave or other transport

mechanism, and may include any information delivery media. A modulated data signal may

be a signal that has one or more of its characteristics set or changed in such a manner as to

encode information in the signal.

[0186] It is to be understood that any or each module discussed herein may be provided

as a software construct, firmware construct, one or more hardware components, or a

combination thereof. For example, any one or more of the modules may be described in the

general context of computer-executable instructions, such as program modules, that may be

executed by one or more computers or other devices. Generally, a program module may

include one or more routines, programs, objects, components, and/or data structures that may

perform one or more particular tasks or that may implement one or more particular abstract

data types. It is also to be understood that the number, configuration, functionality, and



interconnection of the modules or state machines are merely illustrative, and that the number,

configuration, functionality, and interconnection of existing modules may be modified or

omitted, additional modules may be added, and the interconnection of certain modules may

be altered.

[0187] Whereas many alterations and modifications of the present invention will no doubt

become apparent to a person of ordinary skill in the art after having read the foregoing

description, it is to be understood that the particular embodiments shown and described by

way of illustration are in no way intended to be considered limiting. Therefore, reference to

the details of the preferred embodiments is not intended to limit their scope.



WHAT IS CLAIMED IS:

. A hazard detection system, comprising:

at least one hazard detection sensor;

circuitry operative to sound an audible alarm in response to a hazard event

detected by the at least one hazard detection sensor; and

a passive infrared (PIR) sensor that detects movement of at least one object;

and

control circuitry operative to:

receive data acquired by the PIR sensor; and

use a shape matching algorithm to determine if a gesture event exists in

the received data.

2. The hazard detection system of claim 1, wherein the gesture event is a

waving event, wherein the waving event comprises multiple periods.

3 . The hazard detection system of claim 1, wherein the control circuitry is

operative to use the shape matching algorithm to:

calculate a non-wave score based on a sample set of the received data;

calculate a wave score based on the sample set; and

use the non-wave score and the wave score to determine if a gesture event

exists in the sample set.

4 . The hazard detection system of claim 3, wherein the non-wave score

represents a probability that the samples within the sample set are not part of a wave.

5. The hazard detection system of claim 3, wherein the non-wave score

is the sum of the square of the differential between successive PIR samples within the sample

set.

6 . The hazard detection system of claim 5, wherein the non-wave score is

expressed by the following equation:



where W is the sample set, ∆χ is the difference between the current sample, xi, and the

previous sample, xi-i, and ∆ -ι is the difference between the previous sample, xi- and two

samples prior, xi-2.

7. The hazard detection system of claim 3, wherein the wave score

represents a probability that the samples within the sample set are part of a wave.

8 . The hazard detection system of claim 3, wherein the wave score is the

sum of the square of the differential between a current sample and the current sample one

lambda ago, where lambda is a period of a wave.

9. The hazard detection system of claim 8, wherein the wave score is

expressed by the following equation:

where W is the sample set, ∆χί is the difference between the current sample, xi, and the

previous sample, xi-i, and i- s the difference between a sample one lambda prior to x , s -λ,

and the previous sample one lambda prior to xi-i, xi- -λ .

10. The hazard detection system of claim 8, wherein the control circuitry is

operative to:

calculate a plurality of wave scores, where each wave score is associated with

a different one of a plurality of different lambdas; and

select the wave score having the smallest magnitude as the wave probability

for the sample set.

. The hazard detection system of claim , wherein the control circuitry

is operative to:

incorporate a tolerance factor for each calculated wave score.

12. The hazard detection system of claim of claim 3, where the shape

matching algorithm solves the following equation to determine whether a shape match is

detected in the sample set:

C l - C2 > t



where a is a weighting factor used to scale CI, CI is the non-wave score within the sample

set, C2 is the wave score within the same sample set, and t is the threshold for determining

whether a shape match is detected.

13. A method for detecting a user gesture, the method implemented by a

hazard detection system, the method comprising:

receiving passive infrared red (PIR) signals from a PIR sensor;

selecting a window, wherein the window defines a sample set of received PIR

signals used to detect gesture events;

calculating a non-wave score for the sample set;

calculating a wave score for the sample set;

scaling the non-wave score by a constant;

detennining whether a difference between the scaled non-wave score and the

wave score exceeds a threshold, wherein when the difference exceeds the threshold, a gesture

pattern is detected in the sample set.

14. The method of claim 13, further comprising:

increasing a pattern detection counter in response to determining that a gesture

pattern is detected.

15. The method of claim 14, further comprising:

determining whether the pattern detection counter exceeds a pattern count

threshold, wherein a gesture event is detected when the pattern detection counter exceeds the

pattern count.

16. The method of claim , wherein the sample set is a first sample set,

the method further comprising:

retrieving a second sample set;

determining whether a difference between a scaled non-wave score

and a wave score exceeds a threshold for the second sample set;

increasing a pattern detection counter in response to determining that a gesture

pattern is detected;

incrementing a miss counter in response to determining that a gesture pattern

is not detected; and



resetting the pattern detection counter in response to determining that the miss

counter exceeds a miss threshold.

17. The method of claim , wherein the constant and the threshold are

selected based on a size of the window.

18. The method of claim 13, wherein the window is a first window and the

sample set is a first sample set, wherein the method further comprises:

selecting a second window, wherein the second window defines a sample set

of received PIR signals used to detect gesture events, wherein the first and second windows

comprise non-overlapping PIR samples.

19. The method of claim 3, wherein the window is a first window and the

sample set is a first sample set, wherein the method further comprises:

selecting a second window, wherein the second window defines a sample set

of received PIR signals used to detect gesture events, wherein the first and second windows

comprise overlapping PIR samples.

20. A method for processing a gesture to alter a state of a hazard detection

system, the method implemented by the hazard detection system, the method comprising:

confirming presence of a least one object in at least one ultrasonic detection

field;

processing passive infrared (PIR) data being received while the at least one

object is confirmed present in the at least one ultrasonic detection field, the processing

comprising:

determining whether a periodic pattern exists in a sample set of the PIR

data: and

selectively altering a state of the hazard detection system when at least one

periodic pattern is determined to exist.

2 . The method of claim 20, wherein the detennining comprises analyzing

the sample set of the PIR data to determine whether a difference between a scaled non-wave

score and a wave score exceeds a threshold, wherein a periodic pattern is detected if the

difference exceeds the threshold.



22. The method of claim 20, wherein the determining comprises

calculating a non-wave score, wherein the non-wave score represents a probability that the

PIR samples within the sample set are not part of a user generated gesture.

23. The method of claim 20, wherein the determining comprises

calculating a wave score, wherein the wave score represents a probability that the PIR

samples within the sample set are part of a user generated gesture.

24. The method of claim 23, wherein calculating the wave score

comprises:

comparing a delta between two successive PIR samples associated with a first

timeframe with a delta between two successive PIR samples associated with a second

timeframe, wherein the second timeframe is offset from the first timeframe by one of a

plurality of different periods.

25. The method of claim 20, wherein the selectively altering a state

comprises silencing an actively sounding alarm.

26. The method of claim 20, wherein the selectively altering a state

comprises pre-emptively silencing an imminently sounding alarm.

27. The hazard detection system of claim , wherein the at least one hazard

detection sensor is selected from the group consisting of a smoke sensor, a carbon monoxide

sensor, a thermistor, a humidity sensor, and combination thereof.
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