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(57) Abstract: A compound sensor system includes a first sensor, a second sensor, a memory that stores a module, and a processor
coupled to the first sensor, the second sensor, and the memory. The first sensor is configured to detect a parameter that indicates a
likelihood of having a user enter or leave a target area, and, in response, send a first command signal to the processor. The processor
is configured to receive the first command signal from the first sensor and send a second command signal to the second sensor based
on receiving the first command signal. The second sensor is configured to operate at a sleep mode and switch to an active mode upon
receiving the second command signal, and during the active mode the second sensor is configured to determine if the user enters or

leaves the target area.
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SYSTEMS AND METHODS FOR A COMPOUND SENSOR SYSTEM
RELATED APPLICATION

[0001] This application claims benefit under 35 U.S.C. § 119(¢) to U.S. Provisional
Patent Application No. 62/305,504, filed on March 8, 2016, which is explicitly
incorporated by reference herein in its entirety. This application claims benefit under
35 U.S.C. § 119(e) to U.S. Provisional Patent Application No. 62/310,524, filed on
March 18, 2016, which is explicitly incorporated by reference herein in its entirety.
This application also claims benefit under 35 U.S.C. § 119(¢) to U.S. Provisional
Patent Application No. 62/314,993, filed on March 30, 2016, which is explicitly
incorporated by reference herein in its entirety. This application also relates to U.S.
Patent Application No. 15/262,494, filed on September 12, 2016, which is
incorporated herein in its entirety. This application also relates to U.S. Patent
Application No. 15/331,238, filed on October 21, 2016, which is incorporated herein
in its entirety. This application also relates to U.S. Patent Application No.
15/448,194, filed on March 2, 2017, which is incorporated herein in its entirety.

BACKGROUND OF THE INVENTION
Technical Field
[0002] This invention relates generally to the field of low power sensor systems.

Description of the Related Art

[0003] Proximity sensors, such as touch screens for cellphones and touch switch for
lights, are widely used in today’s consumer and industrial electronics. A proximity
sensor typically functions by either (1) responding to a target object or an object’s
motion when the object is within the sensing range (e.g., a touch screen), or (2)
directly detecting the distance between the object and the sensor (e.g. an infrared

ranging sensor).

[0004] In the application of proximity sensors, the range of interest between the
sensor and the target object can be either explicitly or implicitly specified. For

example, a touch light switch typically functions only when a hand is placed within
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around 10 centimeters of the sensor. A three-dimensional (3D) hand gesture detection
sensor for smart phones also works in similar ranges. Often, the proximity zone is
directional, i.¢., objects or motions can only be detected in front of the proximity

SCnsor.

[0005] To measure the distance of an object, proximity sensors can use active
emissions. Distance is determined by detecting the reflected emissions from the
object. Typical emissions by the proximity sensors include infrared, ultrasonic, or
any other suitable electromagnetic signals that can be bounced back from a target
object. In some embodiments, the basic working principle of the ranging proximity

sensor 1s similar to radars.

[0006] Active ranging proximity sensors can accurately sense whether an object is
present or a motion happens in its proximity with well-defined range such as 10
centimeters, 35 centimeters, or any other suitable ranges. Traditional proximity
sensors, however, typically consume more than 0.5 mA in current, which is less
suitable for battery-powered systems. For example, one standard AA battery usually
has the capacity of around 1000mAh and can only support an active ranging
proximity sensor for a few months. Design of the battery-operated sensor systems

often requires a battery life that is longer than a year.

[0007] Therefore, it is desirable to provide methods and systems for a sensor system

that consumes low power.
SUMMARY

[0008] In accordance with the disclosed subject matter, systems and methods are

provided for a low power compound sensor system.

[0009] Disclosed subject matter includes, in one aspect, a compound sensor system
includes a first sensor, a second sensor, a memory that stores a module, and a
processor coupled to the first sensor, the second sensor, and the memory. The first
sensor is configured to detect a parameter that indicates a likelihood of having a user
enter or leave a target area, and, in response, send a first command signal to the
processor. The processor is configured to run the module stored in the memory that is

configured to cause the processor to receive the first command signal from the first
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sensor and send a second command signal to the second sensor based on receiving the
first command signal. The second sensor is configured to operate at a sleep mode and
switch to an active mode upon receiving the second command signal, and during the
active mode the second sensor is configured to determine if the user enters or leaves

the target area.

[0010] Disclosed subject matter includes, in another aspect, a method of
determining a user enters or leave a target area using a compound sensor system. The
method includes detecting, using a first sensor of the compound sensor system, a
parameter that indicates a likelihood of having a user enter or leave a target area, and,
in response, send a first command signal to a processor of the compound sensor
system. The method includes sending, from the processor, a second command signal
to a second sensor of the compound sensor system based on receiving the first
command signal. The method includes switching the second sensor from a sleep
mode to an active mode upon receiving the second command signal, and determining,

using the second sensor, if the user enters or leaves the target area.

[0011] The present disclosure also discloses computer readable media that include
executable instructions (e.g., computer program of instructions) operable to cause a

device to perform the functions of the apparatuses described above.

[0012] There has thus been outlined, rather broadly, the features of the disclosed
subject matter in order that the detailed description thereof that follows may be better
understood, and in order that the present contribution to the art may be better
appreciated. There are, of course, additional features of the disclosed subject matter
that will be described hereinafter and which will form the subject matter of the claims

appended hereto.

[0013] In this respect, before explaining at least one embodiment of the disclosed
subject matter in detail, it is to be understood that the disclosed subject matter is not
limited in its application to the details of construction and to the arrangements of the
components set forth in the following description or illustrated in the drawings. The
disclosed subject matter is capable of other embodiments and of being practiced and

carried out in various ways. Also, it is to be understood that the phraseology and
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terminology employed herein are for the purpose of description and should not be

regarded as limiting.

[0014] As such, those skilled in the art will appreciate that the conception, upon
which this disclosure is based, may readily be utilized as a basis for the designing of
other structures, methods, and systems for carrying out the several purposes of the
disclosed subject matter. It is important, therefore, that the claims be regarded as
including such equivalent constructions insofar as they do not depart from the spirit

and scope of the disclosed subject matter.

[0015] These together with the other objects of the disclosed subject matter, along
with the various features of novelty which characterize the disclosed subject matter,
are pointed out with particularity in the claims annexed to and forming a part of this
disclosure. For a better understanding of the disclosed subject matter, its operating
advantages and the specific objects attained by its uses, reference should be made to
the accompanying drawings and descriptive matter in which there are illustrated

preferred embodiments of the disclosed subject matter.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Various objects, features, and advantages of the disclosed subject matter can
be more fully appreciated with reference to the following detailed description of the
disclosed subject matter when considered in connection with the following drawings,

in which like reference numerals identify like elements.

[0017] FIG. 1 illustrates an environment for detecting a user’s presence and
recording the user’s activity in a gym according to certain embodiments of the

disclosed subject matter.

[0018] FIG. 2 illustrates a block diagram of a sensor system according to certain

embodiments of the present disclosure.

[0019] FIG. 3 shows detection ranges of the sensor system according to certain

embodiments of the present disclosure.
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[0020] FIG 4 is a flow chart illustrating a process of detecting whether or not a user
enters or leaves a target area of an exercise device according to certain embodiments

of the present disclosure.
DETAILED DESCRIPTION

[0021] In the following description, numerous specific details are set forth
regarding the systems and methods of the disclosed subject matter and the
environment in which such systems and methods may operate, etc., in order to
provide a thorough understanding of the disclosed subject matter. It will be apparent
to one skilled in the art, however, that the disclosed subject matter may be practiced
without such specific details, and that certain features, which are well known in the
art, are not described in detail in order to avoid complication of the disclosed subject
matter. In addition, it will be understood that the examples provided below are
exemplary, and that it is contemplated that there are other systems and methods that

are within the scope of the disclosed subject matter.

[0022] In some embodiments of the present disclosure, a compound sensor system
is disclosed to detect whether a user is using an exercise device in a gym in a power
efficient way. In some embodiments, the compound sensor includes at least two
sensors. One sensor is a low power sensor and can be configured to have a coarse
detection. The other sensor is a high power sensor and can be configured to have a
fine detection. To save power, the high power/fine sensor can normally operate at a
low power/sleep mode. When the low power/coarse sensor detects an object or a
motion, the fine sensor is switched on from the sleep mode to confirm whether the
object and/or the motion is indeed in its proximity. Overall power consumption of the
compound sensor system is reduced by only utilizing the fine/high power sensor when

nccessary.

[0023] FIG. 1 illustrates an environment 100 for detecting a user’s presence and
recording the user’s activity in a gym according to certain embodiments of the
disclosed subject matter. The environment 100 can include a communication network
102, a server 104, a sensor system 106, a local network storage medium 108, a remote
network storage medium 110, a mobile device 112, a wireless network 114, a camera

116, and a registration system 118. Some or all components of the environment 100
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can be coupled directly or indirectly to the communication network 102. The
components included in the environment 100 can be further broken down into more
than one component and/or combined together in any suitable arrangement. For
example, in some embodiments, the sensor system 106 and the camera 116 can be
combined as one device. Further, one or more components can be rearranged,
changed, added, and/or removed. For example, the environment 100 can include
more than one sensor system 106, more than one camera 116, and/or more than one
mobile device 112. In some embodiments, the environment 100 can also include a

tracking device.

[0024] The sensor system 106 can be attached to an exercise device. Non-limiting
examples of exercise devices include treadmills, ellipticals, exercise bikes, rowing
machines, stair climbers, weightlifting benches, weight machines, etc. In some
embodiments, the sensor system 106 can be attached to an exercise device non-
mtrusively. In some embodiments, the sensor system 106 can be taken off from one
exercise device and attached to another exercise device. The sensor system 106 can
be configured to communicate wirelessly with at least one mobile device 112, the
server 104, and/or other suitable components of the environment 100. The sensor
system 106 can detect when a user or his or her mobile device 112 enters or leaves a
target arca of the sensor device 106 and notify other components of the environment
100, such as the mobile device 112, via the wireless network 114 and/or the
communication network 102, For example, when the sensor device 106 is attached to
a treadmill, then the target area can be above the base of the treadmill. As another
example, when the sensor device 106 is attached to a workbench, then the target arca
can be the area where an exerciser sits or lic on. In some embodiments, the sensor
system 106 can sense or detect movements of an exercise device and/or the user using
the exercise device. In some embodiments, once the sensor system 106 detects a user
is using an exercise device, it can report the detection result to and/or trigger other
components of the environment 100. The structure and function of the sensor system

106 are described in more detail below.

[0025] The mobile device 112 can be connected to the sensor system 106 via the
wireless network 114. In some embodiments, the mobile device 112 can also be

configured to communicate wirelessly with the server 104 and/or other suitable
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components of the environment 100 via the wireless network 114 and/or the
communication network 102. The mobile device can be a tablet computer, a personal
digital assistant (PDA), a pager, a mobile or smart phone, a wireless sensor, a

wearable device, or any other suitable device.

[0026] The communication network 102 can include a network or combination of
networks that can accommodate private data communication. For example, the
communication network 102 can include a local area network (LAN), a virtual private
network (VPN) coupled to the LAN, a private cellular network, a private telephone
network, a private computer network, a private packet switching network, a private
line switching network, a private wide area network (WAN), a corporate network, or
any number of private networks that can be referred to as an Intranet. Such networks
may be implemented with any number of hardware and software components,
transmission media and network protocols. FIG. 1 shows the communication network
102 as a single network; however, the communication network 102 can include

multiple interconnected networks listed above.

[0027] The server 104 can be a single server, a network of servers, or a farm of
servers in a data center. The server 104 can be coupled to a network storage system.
The network storage system can include two types of network storage devices: a local
network storage medium 108 and a remote network storage medium 110. The local
network storage medium 108 and the remote network storage medium 110 can each
include at least one physical, non-transitory storage medium, flash memory, a
magnetic disk drive, an optical drive, a programmable read-only memory (PROM), a
read-only memory (ROM), or any other memory or combination of memories. The
local network storage medium 108 and the remote network storage medium 110 can

be part of the server 104 or can be separated from the server 104.

[0028] In some embodiments, the server 104 can be located within or near a gym or
a fitness center. In some embodiments, the server 104 can be located at a remote
location. In some embodiments, the server 104 can also include a gateway and/or an
access point to direct any signals received from the sensor system 106, the mobile

device 112, and/or other components of the environment 100.
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[0029] In some embodiments, the server 104 manages a database of the registered
gym members including registered faces gathered from the registration system 118.
In some embodiments, the server 104 also stores the face images captured from the

camera 116 and performs face recognition.

[0030] In some embodiments, the server 104 manages and stores user exercise data,
which is collected by the exercise device with embedded sensors or by sensors
attached to the exercise device. In some embodiments, the server 104 stores the
exercise data in association with respective users, which can be identified by the face

recognition process.

[0031] In some embodiments, if during the face recognition process, the server 104
determines that the image quality of the face image is not good enough for
recognition, it sends commands back to the camera 116 to retake one or more photos

and/or video clips.

[0032] In some embodiments, the server 104 may offload some of its computing

and/or storage tasks to one or more gateways, as described below.

[0033] In some embodiments, the environment 100 may also include one or more
gateways that are separate from the server 104, Multiple gateways can be deployed in
one gym. In one embodiment, one or more gateway can be used as a communication
hub to connect the camera 116 and/or other components of the environment 100 to the

server 104.

[0034] In some embodiments, besides serving as the communication hub between

the camera 116 and/or other components of the environment 100 on one end and the

server 104 on the other end, a gateway can also help share the load of computing and
reduce data storage required from the server 104. The advantages include, among

others, faster response time and lower cloud computing cost.

[0035] In some embodiments, a gateway detects faces from one or more photos
and/or video clips taken by the camera 116, extracts the face features from the photos,
and transmits the extracted features together with the photos to the server 104 for face

recognition and image storage.



WO 2017/156188 PCT/US2017/021448

[0036] In some embodiments, the gateway detects faces from the one or more
photos and/or video clips taken by the camera 116, extracts the face features from the
photos, and performs face recognition locally. In this case, the server 104 only stores
the photos received from the gateway. If the gateway determines that the image
quality is not good enough for face recognition, it send commands to the camera

module to retake one or more photos and restarts the face recognition process.

[0037] Furthermore, face recognition tasks can be partitioned and shared between
the gateway and the server 104, and the partitioning and sharing can be arranged or

rearranged dynamically to meet the face recognition system requirements.

[0038] The camera 116 can be attached to an exercise device. In some
embodiments, the camera 116 can be attached to an exercise device non-intrusively.
In some embodiments, the camera 116 can be taken off from one exercise device and
attached to another exercise device. In some embodiments, the camera 116 can be
configured to communicate wirelessly with at least one sensor system 106, at least
one mobile device 112, the server 104, and/or other suitable components of the
environment 100. In some embodiments, the camera 116 can detect when a user
starts to use the exercise device that the camera 116 is attached to and start to acquire
ong or more photos and/or video clips that contain sufficient facial information of one
or more users that are near the camera 116. In some embodiments, each exercise
device in a gym will have a dedicated camera 116. In some embodiments, one or

more exercise devices can share one camera 116.

[0039] The registration system 118 typically locates near or at the entrance of a
facility. for example, the registration system 118 can locate near or at the entrance of
agym. In some embodiments, when a user enters or leaves a gym, he or she will be
registered by the registration system 118. In some embodiments, the registration
system 118 also includes a camera, which can be configured to acquire one or more
photos and/or video clips of a user who sign in at the gym. In some embodiments,
cach user may register his or her face multiple times, which in general improve the
performance of face recognition algorithms. When a registered user walks in the gym
and/or starts on an exercise device, face images of the user captured by the camera
116 associated with the exercise device will be compared against registered faces to

identify the correct user.
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[0040] In some embodiments, during the face registration, registered faces need to
be validated by the registration system 118 and/or other suitable components of the
environment 100. Validation criteria can include one or more of the following: (1)
whether the user has a valid membership, and (2) whether the face images captured at

the registration system 118 contain sufficient information for recognition purpose.

[0041] Each time a user registers at the registration system 118, his or her face
information, such as photos or video clips, can be acquired by one of the following
embodiments or any combinations of the following embodiments. In one
embodiment, the user’s face information can be acquired by the camera associated
with the registration system 118. In one embodiment, the user’s face information can
be retrieved from the gym’s member management system, where previously taken
photos of gym members can be stored. In one embodiment, the user’s face images
can be acquired from mobile applications running on the user’s mobile device 112

and/or other suitable devices associated with the user.

[0042] In some embodiments, the sensor system 106, the camera 116, the mobile
device 112, and/or other components of the environment 100 can communicate with
cach other through the wireless connection 114. The wireless connection can be
WiFi, ZigBee, IEEES02.15 4, Bluetooth, near field communication (NFC), or another
connection using any other suitable wireless protocol standard or combination of
standards. In some embodiments, the wireless connection 114 can be the same as the
communication network 102. In some embodiments, the wireless connection 114 can

be different from the communication network 102.

[0043] FIG. 2 illustrates a block diagram of a sensor system 106 according to
certain embodiments of the present disclosure. The sensor system 106 includes a first
sensor 210, a second sensor 220, a wireless transceiver 230, a processor 240, a
memory 250, a module 260, and a power supply 270. The components included in
the sensor system 106 can be further broken down into more than one component
and/or combined together in any suitable arrangement. For example, the first sensor
210 can include one or more sensors. Similarly, the second sensor 220 can include
ong or more sensors. Further, one or more components can be rearranged, changed,

added, and/or removed.

10
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[0044] The first sensor 210 is configured to detect a parameter that indicates a
likelihood of having a user enter or leave a target arca, and, in response, send a first
command signal to the processor 240. As discussed above, generally the target area is

a specific space or interest that indicates whether a user is using an exercise device.

[0045] In some embodiments, the first sensor 210 is or includes a low power coarse
proximity sensor with a coarse detection range, and the parameter to be detected by
the first sensor 210 is based on a user entering or leaving the coarse detection range of
the coarse proximity sensor. In some embodiments, the coarse proximity sensor can

be a passive infrared sensor and/ or any other suitable sensor.

[0046] In some embodiments, the first sensor 210 is or includes a motion sensor
with a detection range, and the parameter to be detected by the first sensor 210 is
based on detecting a change of motions and/or vibration within the detection range of
the motion sensor. In some embodiments, the motion sensor can be an accelerometer

and/or any other suitable motion sensor.

[0047] In some embodiments, the first sensor 210 is or includes a temperature
sensor with a detection range, and the parameter to be detected by the first sensor 210
is based on detecting a change of temperatures within the detection range of the
temperature sensor. In some embodiments, the temperature sensor can be an infrared

thermopile sensor and/or any other suitable temperature sensor.

[0048] In some embodiments, the first sensor 210 can include more than one type
of sensor, such as a proximity sensor (for example, a passive infrared sensor), an
ambient light sensor, a photoelectric sensor, an ultrasonic sensor, a time of flight
distance sensor, a thermopile sensor, or any other suitable sensors or combination of

SCNSOrs.

[0049] The second sensor 220 is configured to more accurately determine whether
or not a user enters or leaves a detection area. The second sensor 220 can be
configured to send detection results to the processor 240 and/or other suitable
components. In some embodiments, the second sensor 220 is or includes a fine
proximity sensor with a fine detection range, and the fine proximity sensor determines
if the user enters or leaves the target arca based on detecting if the user enters or

leaves the fine detection range. In some embodiments, the fine proximity sensor is an
11
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active ranging sensor, which measures distance by emitting waves and calculating the
distance based on the arrival time of the reflected waves. In some embodiments, the
fine proximity sensor includes an infrared ranging sensor, an ultrasonic proximity

sensor, and/or any other suitable sensor.

[0050] In some embodiments, the second sensor 220 is or includes a motion sensor
with a detection range, and the parameter to be detected by the first sensor 220 is

based on detecting a change of motions and/or vibration within the detection range of
the motion sensor. In some embodiments, the motion sensor can be an accelerometer

and/or any other suitable motion sensor.

[0051] In some embodiments, the second sensor 220 is or includes a temperature
sensor with a detection range, and the parameter to be detected by the second sensor
220 is based on detecting a change of temperatures within the detection range of the
temperature sensor. In some embodiments, the motion sensor can be an infrared

thermopile sensor and/or any other suitable temperature sensor.

[0052] In some embodiments, the second sensor 220 can include more than one
type of sensor, such as a proximity sensor (for example, a passive infrared sensor), an
ambient light sensor, a photoelectric sensor, an ultrasonic sensor, a time of flight
distance sensor, a thermopile sensor, or any other suitable sensors or combination of

SCNSOrs.

[0053] In some embodiments, the second sensor 220 has a detection range that is
smaller than the detection range of the first sensor 210, but the second sensor 220 can
be more accurately detect whether or not a user enters or leaves the detection range of

the second sensor 220.

[0054] The wireless transceiver 230 can be configured to transmit any detection
results of the sensor system 106 to the mobile device 112, the gateway, the server 104,
and/or any other components of the environment 100. In some embodiments, the
wireless transceiver 230 can also be configured to receive signals from one or more
components of the environment 100. In some embodiments, the communication
model 230 can enable the communication with other components of the environment
100 via the wireless network 114. In some embodiments, the wireless transceiver 230

can be used as the interface among various components of the sensor system 106.
12
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[0055] The processor 240 can include one or more cores and can accommodate one
or more threads to run various applications and modules. The software can run on the
processor 240 capable of executing computer instructions or computer code. The
processor 240 might also be implemented in hardware using an application specific
integrated circuit (ASIC), programmable logic array (PLA), field programmable gate
array (FPGA), or any other integrated circuit.

[0056] The memory 250 can be a non-transitory computer readable medium, flash
memory, a magnetic disk drive, an optical drive, a PROM, a ROM, or any other

memory or combination of memories.

[0057] The processor 240 can be configured to run the module 260 stored in the
memory 250 that is configured to cause the processor 240 to perform various steps
that are discussed in the disclosed subject matter. For example, the processor 240 can
be configured to receive the first commend signal from the first sensor 210 when the
first sensor 210 detects a parameter that indicates a likelihood of having a user enter
or leave a target area. The processor 240 can be configured to send a second
command signal to the second sensor 220 based on receiving the first command
signal. In some embodiments, the processor is preferably a low power processor. In
some embodiments, the processor 240 can operate in an always-on mode. In some
embodiments, the processor 240 can be configured to be in sleep mode and is only
switched to an active mode upon receiving the first command signal from the first

sensor 210.

[0058] The power supply 270 provides power to one or more other components of
the sensor system 106. In some embodiments, the power supply 270 can be a battery
source. In some embodiments, the power supply 270 can provide alternating current
(AC) and/or direct current (DC) power via an external power source. In some
embodiments, each of the first sensor 210 and the second sensor 220 has its own

power supply.

[0059] In some embodiments, the first sensor 210 is designed to consume less than
a few hundreds of mircoramps of power. The second sensor 220 generally consumes
more power than the first sensor 210. To save power, in some embodiments, the first

sensor 210 can also serve as a power control/ power switch for the second sensor

13
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system 220. For example, only when the first sensor 210 detects that there is a
likelihood that a user enters or leaves a target area, can the second sensor 220 be
switched on to more accurately determine whether a user enters or leaves the target
arca. In some embodiments, the second sensor 220 stays in a low power or sleep
mode most of the time, and only wakes up to operate when it receives commands
from the processor 240. In some embodiments, the sleep mode and the low power
mode mean the same thing, and they are referred to a mode that consumes less power
than the active mode. Alternatively, the second sensor 220 can also be programmed
to be active periodically with a preset timer. When active, it functions for a certain
period of time and then goes back to sleep mode. In some embodiments, the second
sensor 220 can still receive commands from the processor 240 and/or other

components of the sensor system 106 during the sleep mode.

[0060] In some embodiments, since the first sensor 210 consumes low power, the
first sensor 210 can be configured in always on mode. In some embodiments, the first
sensor 210 can be configured to have an active or high power mode and a sleep or low
power mode, and the first sensor 210 can periodically transition between these two
modes. In some embodiments, the first sensor 210 is configured to have a high duty
cycle so that it can stay at the high power/ active mode more often. In some
embodiments, when both the first sensor 210 and the second sensor 220 are
configured to be switching between a high power/active mode and a low power/sleep
mode, the first sensor 210 will be stayed at the high power/active mode longer than
the second sensor 220 because the first sensor consumes lower power. In some
embodiments, processor 240 can periodically send a wake up signal to the first sensor

210 to force the first sensor 210 to be in the high power/ active mode.

[0061] In some embodiments, the sensor system 106 can be built as an integrated
circuit. In some embodiments, the sensor system 106 can be built as a discrete circuit,
and one or more components of the sensor system 106 can be built from commercially
available components. In some embodiments, the processor 240 can be a standalone
component. In some embodiments, the processor 240 can be embedded in the first

sensor 210 and/or the second sensor 220.

[0062] FIG. 3 shows detection ranges of the sensor system 106 according to certain
embodiments of the present disclosure. In FIG. 3, the sensor system 106 is attached
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to a treadmill 310. As discussed above, the sensor system 106 includes a first sensor
210 and a second sensor 220. In FIG. 3, area 320 represents the detection range of the
first sensor 320, and area 330 represent the detection range of the second sensor 220.
In FIG. 3, the target area of the sensor system 106 is the space on top of the belt of the
treadmill 310. Although the target area in FIG. 3 is shown to be the same as area 330,
which is the detection range of the second sensor 220, the target area can be different
from the detection range of the second sensor 220 in other cases. As shown in FIG. 3,
in some embodiments, the detection range of the first sensor 210 usually overlaps
with the detection range of the second sensor 220, but the detection range of the first
sensor 210 can cover more arca than the target area and the detection range of the
second sensor 220. The detection range of the first sensor 210 can be larger than the
detection range of the second sensor 220 because the first sensor 210 is designed to be
a coarse and low power sensor, so it can sometime respond to activity outside the
target arca. For example, when the first sensor 210 is an accelerometer sensor, it may
respond to vibration sources coming from any direction, not necessarily in the target

area of the exercise device.

[0063] FIG .4 is a flow chart illustrating a process 400 of detecting whether or not a
user enters or leaves a target area of an exercise device according to certain
embodiments of the present disclosure. The process 400 is mainly illustrated from the
perspective of the components of the sensor device 106. In some embodiments, the
process 400 can be modified by, for example, having steps rearranged, changed,

added, and/or removed.

[0064] At step 402, the first sensor 210 is configured to detect a parameter that
indicates a likelihood of having a user enter or leave a target area. As discussed
above, generally the target area is a specific space or interest that indicates whether a

user is using an exercise device.

[0065] In some embodiments, the first sensor 210 is or includes a low power coarse
proximity sensor with a coarse detection range, and the parameter to be detected by
the first sensor 210 is based on a user entering or leaving the coarse detection range of
the coarse proximity sensor. In some embodiments, the coarse proximity sensor can

be a passive infrared sensor and/ or any other suitable sensor.
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[0066] In some embodiments, the first sensor 210 is or includes a motion sensor
with a detection range, and the parameter to be detected by the first sensor 210 is
based on detecting a change of motions and/or vibration within the detection range of
the motion sensor. In some embodiments, the motion sensor can be an accelerometer

and/or any other suitable motion sensor.

[0067] In some embodiments, the first sensor 210 is or includes a temperature
sensor with a detection range, and the parameter to be detected by the first sensor 210
is based on detecting a change of temperatures within the detection range of the
temperature sensor. In some embodiments, the motion sensor can be an infrared

thermopile sensor and/or any other suitable temperature sensor.

[0068] In some embodiments, the first sensor 210 can include more than one type of
sensor, such as a proximity sensor (for example, a passive infrared sensor), an
ambient light sensor, a photoelectric sensor, an ultrasonic sensor, a time of flight
distance sensor, a thermopile sensor, or any other suitable sensors or combination of

sensors. The process 400 then proceeds to step 404.

[0069] At step 404, the first sensor 210, in response to detecting a parameter that
indicates a likelihood of having a user enter or leave a target area, sends a first

command signal to the processor 240. The process 400 then proceeds to step 406.

[0070] At step 406, the processor 240 receives the first command signal from the
first sensor 210 and send a second command signal to the second sensor 220. In some
embodiments, the processor 240 can normally operate in a low power mode and
switch to a high power/active mode upon receiving the first command signal from the

first sensor 210. The process 400 then proceeds to step 408.

[0071] At step 408, the second sensor 220, which is normally in a low power/sleep
mode, is switched to an active mode upon receiving the second command signal from

the processor 240. The process 400 then proceeds to step 410.

[0072] At step 410, the second sensor 220 determines if the user enters or leaves the
target arca of the exercise device that the sensor system 116 is attached to. The
process 400 then proceeds to step 412. In some embodiments, the second sensor 220

is or includes a fine proximity sensor with a fine detection range, and the fine
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proximity sensor determines if the user enters or leaves the target area based on
detecting if the user enters or leaves the fine detection range. In some embodiments,
the fine proximity sensor is an active ranging sensor, which measures distance by
emitting waves and calculating the distance based on the arrival time of the reflected
waves. In some embodiments, the fine proximity sensor includes an infrared ranging

sensor, an ultrasonic proximity sensor, and/or any other suitable sensor.

[0073] In some embodiments, the second sensor 220 is or includes a motion sensor
with a detection range, and the parameter to be detected by the first sensor 220 is

based on detecting a change of motions and/or vibration within the detection range of
the motion sensor. In some embodiments, the motion sensor can be an accelerometer

and/or any other suitable motion sensor.

[0074] In some embodiments, the second sensor 220 is or includes a temperature
sensor with a detection range, and the parameter to be detected by the second sensor
220 is based on detecting a change of temperatures within the detection range of the
temperature sensor. In some embodiments, the motion sensor can be an infrared

thermopile sensor and/or any other suitable temperature sensor.

[0075] In some embodiments, the second sensor 220 can include more than one
type of sensor, such as a proximity sensor (for example, a passive infrared sensor), an
ambient light sensor, a photoelectric sensor, an ultrasonic sensor, a time of flight
distance sensor, a thermopile sensor, or any other suitable sensors or combination of

SCNSOrs.

[0076] In some embodiments, the second sensor 220 has a detection range that is
smaller than the detection range of the first sensor 210, but the second sensor 220 can
be more accurately detect whether or not a user enters or leaves the detection range of

the second sensor 220.

[0077] At step 412, the second sensor 220 sends the detection result back to the

processor 240.

[0078] In some embodiments, once the sensor system 106 determines that a user
enters or leaves an exercise device, it can send that information to other components

of the environment 100. In some embodiments, one or more components of the
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environment 100 can use that information to start or finish recording the user’s
exercise data and/or the exercise device’s operation data. In some embodiments, one
or more components of the environment 100 can use that information to start or finish
its operation. In some embodiments, one or more components of the environment 100
can use that information to toggle between different power modes, such as between an

active mode and a low power mode.

[0079] In some embodiments, if the sensor system 106 is battery-operated, the
sensor system 106 can send battery information, such as a brownout event, to the
gateway of the server 104, so that gym operators can be timely informed to replace

the battery of the sensor system.

[0080] In some embodiments, regardless the exercise device is used or not, the
sensor system 106 can periodically report its run-time status and statistics to the
gateway, for book-keeping and diagnosis purpose of the sensor system 106 and/or the

exercise device.

[0081] In some embodiments, the sensor system 106 can receive commands from
the gateway, such as flashing an LED included in the sensor system 106 to identify

itself, so that a gym operator can easily identify the sensor system 106.

[0082] In some embodiments, the server 104 may provide a front-end user interface
(UD), such as a website, a dedicated PC, or a mobile application, for gym operators
and/or trainers to access the users exercise activities, so that proper guidance, advice,
and/or training can be provided to the users. In some embodiments, a user interface
on mobile and/or web interface can also be provided to users on mobile devices, for

the purpose to monitor and track their exercise activities, as described above.

[0083] In some embodiments, a user’s detailed exercise information is collected and
stored in the server 104. The information includes, but not limited to, start/end time
and date, equipment type, duration, sets and repeats (for pin-loaded equipment,
workbenches, and power racks), break intervals in all sessions recorded by the mobile
device 112 and/or the sensor system 106 associated with exercise device. The data
can be organized and displayed in many ways through the front-end user interface

(UI).
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[0084] In some embodiments, the aggregated data of all members collected through
mobile devices 112 can be combined to track the equipment usage, improve operation
efficiency of gyms, and provide more insights to optimize members” exercise

routines.

[0085] In some embodiments, the same type of equipment can be grouped together.
For a certain group, its total number of visiting members, total number of visits, and
total operation time can be compared against those of other groups. If one group has
significantly more users than another group, the gym can look into the scenarios and

decide which group or groups need to add or reduce number of equipment.

[0086] In some embodiments, individual equipment can be compared against others
of the same type, particularly when they are physically close. If one specific exercise
device always has less member accesses than others or no member accesses, the gym
operators may be informed to check the device. This may indicate that the exercise
device has certain issues, such as a defect, being close to an environment that is not

user-friendly, or something else that needs the gym operators” attention.

[0087] It is to be understood that the disclosed subject matter is not limited in its
application to the details of construction and to the arrangements of the components
set forth in the following description or illustrated in the drawings. The disclosed
subject matter is capable of other embodiments and of being practiced and carried out
in various ways. Also, it is to be understood that the phraseology and terminology
employed herein are for the purpose of description and should not be regarded as

limiting.

[0088] As such, those skilled in the art will appreciate that the conception, upon
which this disclosure is based, may readily be utilized as a basis for the designing of
other structures, systems, methods and media for carrying out the several purposes of
the disclosed subject matter. It is important, therefore, that the claims be regarded as
including such equivalent constructions insofar as they do not depart from the spirit

and scope of the disclosed subject matter.

[0089] Although the disclosed subject matter has been described and illustrated in
the foregoing exemplary embodiments, it is understood that the present disclosure has

been made only by way of example, and that numerous changes in the details of
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implementation of the disclosed subject matter may be made without departing from
the spirit and scope of the disclosed subject matter, which is limited only by the

claims which follow.
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What 1s claimed is:

1. A compound sensor system, comprising:
a first sensor;
a second sensor;
a memory that stores a module; and
a processor coupled to the first sensor, the second sensor, and the memory,

wherein the first sensor is configured to detect a parameter that indicates a
likelihood of having a user enter or leave a target area, and, in response, send a

first command signal to the processor,

wherein the processor is configured to run the module stored in the memory

that is configured to cause the processor to:
receive the first command signal from the first sensor, and

send a second command signal to the second sensor based on receiving

the first command signal,

wherein the second sensor is configured to operate at a sleep mode and switch
to an active mode upon receiving the second command signal, wherein during the
active mode the second sensor is configured to determine if the user enters or

leaves the target area.

2. The compound sensor system of claim 1, wherein the second sensor, upon
receiving the second command signal, is configured to remain at the active power

mode for an active detection period before switching to the low power mode.

3. The compound sensor system of claim 2, wherein the first sensor has a first
period, wherein during the first period, the first sensor is at a high power mode for a
first high power time and at a low power mode for a first low power time, wherein
the second sensor has a second period, wherein during the second period, if the

second sensor is not in the active detection period, the second sensor is at the active
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mode for a second high power time and at the sleep mode for a second lower power

time.

4.  The compound sensor system of claim 3, wherein the second period is longer
than the first period, and the second low power time is longer than the first lower

power time.

5. The compound sensor system of claim 3, wherein the first high power time is the

same as the first period, and the first low power time is zero.

6. The compound sensor system of claim 1, wherein second sensor includes a fine
proximity sensor with a fine detection range, wherein the fine proximity sensor
determines if the user enters or leaves the target area based on detecting if the user

enters or leaves the fine detection range.

7. The compound sensor system of claim 6, wherein the fine proximity sensor

includes at least one of an infrared ranging sensor or an ultrasonic proximity sensor.

8. The compound sensor system of claim 6, wherein the first sensor includes a
coarse proximity sensor with a coarse detection range, wherein the parameter is
based on the user entering or leaving the coarse detection range, wherein the coarse

detection range is larger than the fine detection range.

9. The compound sensor system of claim 1, wherein the first sensor includes a
coarse proximity sensor with a coarse detection range, wherein the parameter is

based on the user entering or leaving the coarse detection range.

10. The compound sensor system of claim 9, wherein the coarse proximity sensor is a

passive infrared sensor.

11. The compound sensor system of claim 1, wherein the first sensor includes a
motion sensor with a detection range, wherein the parameter is based on detecting a

change of motions within the detection range.
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12. The compound sensor system of claim 11, wherein the motion sensor is an

accelerometer.
13. The compound sensor system of claim 1, wherein the first sensor includes a
temperature sensor with a detection range, wherein the parameter is based on

detecting a change of temperatures within the detection range.

14. The compound sensor system of claim 13, wherein the temperature sensor is an

infrared thermopile sensor.
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