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DISTRIBUTED SYSTEMS AND METHODS TO MEASURE AND

PROCESS SPORT MOTIONS

RELATED APPLICATIONS

This application claims priority to U.S. Application Serial No. 13/660,265 filed October 25,

2012, the entire contents of which is incorporated herein by reference.

FIELD OF THE TECHNOLOGY

[0001] At least some embodiments of the present disclosure relate to measurements of

motion parameters, such as the performance of an action during action sports.

BACKGROUND

[0002] Action sports may involve extreme motions with high speed, acceleration, and

extreme forces. When actions take place at different time or at different locations, it can be

difficult to objectively compare the achievements of different participants.

[0003] A wide spread of microprocessors, inertial sensors and Global Positioning System

(GPS) devices allows to accurately measure such motions, quantifying them in term of speed,

acceleration, air time, rotation, flip, etc., and then compare these data independent on where

and when the action was performed.

[0004] There are multiple systems that address such measurements. However, existing

systems typically use a single wearable device which combines sensors, GPS receiver,

memory and processing power sufficient to perform sensor measurement and computation of

the performance characteristics. In some cases, results are wirelessly sent to a remote location

for storage and display.

[0005] Such systems have some significant limitations. For example, due to the fast and

complicated nature of the action sport motion, the computational and algorithmic complexity

in the determination of the performance characteristics can be very significant. In addition, to

compare performance between different sportsmen, different venues, and different time, the
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performance data is stored in a common searchable database. A common way used in the

existing systems is to transfer data to a database is based on a wireless communication which

farther increases complexity and cost of the wearable device.

[0006] Further, due to the nature of the action sports, such as high altitude mountain ski,

wake boarding, windsurfing, etc., it is desirable that the devices used to collect data are very

ragged and highly reliable, which is difficult to achieve in a highly complicated, multi-function

wearable device.

[0007] Further, very often there is no reliable high speed data connection at the locations

where the action sports are performed to facilitate the transfer of data to the common

searchable database.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The embodiments are illustrated by way of example and not limitation in the

figures of the accompanying drawings in which like references indicate similar elements.

[0009] Figure 1 illustrates a distribution of computational complexity and ruggedness of

devices according to one embodiment.

[0010] Figure 2 illustrates a distribution of command set complexity and power use level

of devices according to one embodiment.

[0011] Figure 3 shows a distributed, multi-stage, intelligent system to measure sport

motion parameters according to one embodiment.

[0012] Figure 4 shows a stage-one device according to one embodiment.

[0013] Figure 5 shows a stage-two device according to one embodiment.

[0014] Figure 6 shows a stage-three device according to one embodiment.

[0015] Figure 7 shows a method to measure motion parameters according to one

embodiment.

[0016] Figure 8 shows a data processing system according to one embodiment.
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DETAILED DESCRIPTION

[0017] The following description and drawings are illustrative and are not to be construed

as limiting. Numerous specific details are described to provide a thorough understanding.

However, in certain instances, well known or conventional details are not described in order to

avoid obscuring the description. References to one or an embodiment in the present

disclosure are not necessarily references to the same embodiment; and, such references mean

at least one.

[0018] At least one embodiment of the present disclosure provides systems and methods

for the measuring, monitoring, and/or processing sport motions in a way that is very reliable,

environmentally rugged, with reduced cost, and improved operation reliability without loss of

data in the extreme environment even when there is no reliable wireless connectivity to a wide

area network.

[0019] In one embodiment, a distributed, multi-stage, intelligent system is configured to

unevenly distribute raggedness, complexity, and cost among multiple components for

improved overall performance. In one embodiment, the system includes stage-one, wearable

devices configured to use sensors to collect initial data and transfer initial data to stage-two

devices which may temporally store the initial data and/or perform further data processing to

generate intermediate data for communication to one or more stage-three devices configured

for long term data storage, further processing and presentation.

[0020] In one embodiment, the power usage and algorithmic complexity of the devices of

different stages increase when the data flows from the low stage devices for sensor data

generation to high stage devices for processing, storage and/or presentation. Raggedness of

the devices decreases from devices for data capture to devices for processing, storage and

presentation of multi-user performance characteristics parameters.

[0021] Figure 3 shows a distributed, multi-stage, intelligent system configured to collect,

process, store and transfer data related to sport motion measurements according to one
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embodiment.

[0022] In one embodiment, a user (301) may have one or more stage-one devices (101)

attached to the body and/or equipment of the user and one stage-two device (102) associated

with the user (301). A single stage-two device (102) is sufficient to operate with a plurality of

stage-one devices (101) attached to the user (301). However, the user (301) may optionally

choose to use more than one stage-two devices (101) to concurrently operate with separate

groups of stage-one devices (101) attached to the user (301). Multiple stage-two devices

(102) associated with multiple respective users (301) are connected to the same stage-three

device (103).

[0023] In Figure 3, sensor data are collected on stage-one devices (101) that are

configured to be attached directly to a user (301). For example, the stage-one devices (101)

can be placed on the sport equipment used by the user (301), on the cloth or arm band of the

user (301), in the pocket of the user (301), or any other way that is directly connected to the

user (301).

[0024] The stage-one devices (101) attached to a user (301) are configured to transfer data,

via low power, low range wireless communication link to a stage-two device (102) wearable

by the user (301) as well. The stage-two device (102) performs data pre-processing and sends

packaged data via a long range wireless communication link (e.g., via the Internet) to a

stage-three device (103) which performs the complex computations and provides database

functions.

[0025] Figures 1 and 2 illustrate relations between ruggedness, power use, and complexity

between different processing stages.

[0026] In Figure 1, the ruggedness of stage-one devices (101) is higher than the

ruggedness of stage-two devices (102), while the computational complexity of stage-one

devices (101) is lower than the computational complexity of stage-two devices (102). The

ruggedness of stage-two devices (102) is higher than the ruggedness of stage-three devices

(103), while the computational complexity of stage-two devices (102) is lower than the
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computational complexity of stage-three devices (103).

[0027] In Figure 2, the power use of stage-one devices (101) is lower than the power use

of stage-two devices (102), while the command set complexity of stage-one devices (101) is

also lower than the command set complexity of stage-two devices (102). The power use of

stage-two devices (102) is lower than the power use of stage-three devices (103), while the

command set complexity of stage-two devices (102) is also lower than the command set

complexity of stage-three devices (103).

[0028] Figure 4 shows a stage-one device according to one embodiment. In Figure 4,

the stage-one sensor device (101) is the most rugged, most reliable, most power efficient

device among the devices of different stages, but the least complicated and least

algorithmically sophisticated and is limited to a short range of wireless communication (e.g.,

via wireless personal area network communication connection to a stage-two device (102)).

[0029] In one embodiment, the stage-one sensor device (101) is configured to reliably

collect sensor data in the environment of extreme sports with minimum power usage and

minimum or no data loss.

[0030] In Figure 4, the stage-one device (101) includes sensors (213) to collect various

sensor data, such as GPS data collected at a given sampling rate (e.g., 5Hz) for

position/velocity determination and/or time data, magnetic inclination data (e.g., angle

between Earth magnetic vector and vertical) collected at a given sampling rate (e.g., 15 Hz),

accelerometer data collected at a given sampling rate (e.g., 50 Hz), gyro sensor data for

rotation determination collected at a given sampling rate (e.g., 100 Hz), etc.

[0031] In one embodiment, the microprocessor (21 1) of the stage-one device (101) is

limited in computational capability, when compared with the computational capability of the

microprocessor (21 1) of the stage-two device (102) or the stage-three device (103).

[0032] In one embodiment, the stage-one device (101) is configured to optimize data

collection.

[0033] For example, in one embodiment, the stage one device (101) is configured to
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change from collecting data at a low sampling rate to collecting data at a high sampling rate

when the microprocessor (21 1) of the stage one device (101) determines that such a high

sampling rate is desirable based on a preliminary analysis of data collected at the low

frequency sampling rate. For example, in one embodiment, the stage one device (101) is

configured to collect accelerometer and gyro data when the current velocity as determined

from GPS data is above a predetermined threshold and not to collect the accelerometer and

gyro data when the current velocity as determined from GPS data is below a predetermined

threshold.

[0034] In one embodiment, the stage-one device (101) is configured to perform initial data

conditioning such as sensor calibration, individual and cross calibration, temperature

reference, temperature compensation, etc.

[0035] In one embodiment, the stage-one device (101) supports a limited set of commands

that it can recognize and collects the data into its internal memory (e.g., RAM 221 and/or

nonvolatile, flash memory 223) to prevent data loss.

[0036] In one embodiment, the stage-one device (101) is configured to performs sensor

measurements using one or more sensors (213), stores measurement data in its internal

memory (e.g., 221 and 223), sends the measurement data to a stage-two device (102) on

request from the stage-two device using the short range radio frequency (RF) transceiver (215)

via low power short range wireless communication.

[0037] In one embodiment, a stage-one device is configured as a dedicated rugged sensor

device having a power supply (217).

[0038] Figure 5 shows a stage-two device according to one embodiment.

[0039] In one embodiment, the stage-two device (102) is configured to collect data from

stage-one devices and communicate with a remotely located central server (e.g., a stage-three

device (103)) via long range wireless communication using a long range radio frequency (RF)

transceiver (225).

[0040] In one embodiment, the stage-two device (103) is configured to command
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stage-one devices (101) and collect data from stage-one devices (101) using a short range RF

transceiver (215) (e.g., through a wireless personal area network), send combined data to the

stage-three device(s) (103) via a long range RF transceiver (215) (e.g., through wireless local

area network, or wireless wide area network).

[0041] In one embodiment, the stage-two device (102) is configured to receive instructions

and information from stage-three devices (103) and pass the instructions to stage-one devices

(101).

[0042] In one embodiment, when requested the stage-two device (102) is configured to

download new firmware into the memory (e.g., flash memory 223) of stage-one devices (103)

to update and/or calibrate the stage-one devices (103).

[0043] In one embodiment, the stage-two device (102) is configured to provide user

interface (235) to receive input from the user (301) and present information on the display

device (231) (or an audio device).

[0044] In one embodiment, the microprocessor (21 1) of the stage-two device (102) is

configured (e.g., via instructions stored in the memory (e.g., 221, 223) to collect data from a set

of stage-one devices (101), pre-process the data (e.g., to reduce the amount of data to be

transferred to the stage-three device (103)), and to send the processed data to the stage-three

device (103). The stage-two device (102) has both low power, short range communication

capability and long range, high power communication capability.

[0045] In one embodiment, a stage-two device (102) is configured as a master of a set of a

stage-one devices (103) associated with a user (301) to whom the stage-one devices (103) are

attached. For example, a first dedicated stage-one device (103) is configured as a sensor

device mounted on the snowboard of the user (301), while a second stage-one device (103) is

configured with a sensor set embedded in a camera mounted on a helmet of the user (301).

[0046] Using the short range RF transceiver (215), the stage-two device (215) is

configured to command the stage-one devices (101) to start/stop data collection, sets the

operating parameters of the stage-one devices (101), such as sampling rate, signal conditioning
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parameters, etc.

[0047] In one embodiment, the stage-two device (215) is configured to perform

preliminary data processing of the measurements to determine, for the user (301), performance

parameters such as maximum speed, total distance, etc. The determined measurements can be

presented on the display (231) of the stage-two device (215).

[0048] In one embodiment, the user interface (235) of the stage-two device (102) is

configured to receive from the user (301) instructions to start/stop data collection, and initiate

data transfer.

[0049] Using the long range RF transceiver (225), the stage-two device (102) is configured

to receive instructions, data, and/or information from a stage-three device (103). The

received instructions, data and/or information are processed and then sent to the stage-one

devices (101) or displayed to the user (301) via the display (231).

[0050] Since the stage-two device (102) is not required to be as rugged as the stage-one

device (103), the overall system cost and complexity is reduced. Further, the functions of the

stage-two device (102) are shared among a plurality of stage-one devices (101), the cost of the

overall system is reduced.

[0051] In one embodiment, a stage-two device (102) is implemented as a cell phone with

low power Bluetooth transceiver as the short range RF transceiver (215) and a 3G/4G cellular

or Wi-Fi communication transceiver as the long range RF transceiver (225). Alternatively, a

stage-two device (102) is configured as a dedicated base station capable of low power short

range communication with stage-one devices (101), and Wi-Fi or wired communication with a

personal computer.

[0052] In one embodiment, the stage-two device (102) includes an optional GPS receiver

(401). When equipped with the GPS receiver (401), the stage-two (102) is configured to

instruct the stage-one devices (101) to start and/or stop data collection based on the motion

parameters determined based on the measurement obtained via the GPS receiver (401)

integrated within the stage-two device (102).
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[0053] Figure 6 shows a stage-three device according to one embodiment.

[0054] In one embodiment, a stage-three device (103) includes a server computer that

communicates with a set of stage-two devices (102) via a predefined protocol over a network,

such as Internet (201). The stage-three device (103) is configured to collect data from the

stage-two devices (102) through the long range RF transceiver (225), perform data processing

(241) of the data for each individual user (301) to compute detailed and accurate performance

characteristics parameters based on the set of data received from the stage-two device (102) of

the corresponding user (301), and perform database management (243) to store the computed

performance characteristics parameters into a database (247) configured for the particular

sport.

[0055] In one embodiment, the stage-three device (103) is configured to use long range RF

transceiver (225) to communicate with stage-two devices (102) over wide band

communication channel such as Internet. The stage-three device (103) may use a wireless

telecommunications network, such as cellular communications network, to communicate with

the stage-two devices (102). Alternatively, the stage-three device (103) is configured to be

connected to the stage-two devices (102) via a wired network connection.

[0056] In one embodiment, the stage-three device (103) is configured to perform time

synchronization of multiple sensor data received, via stage-two devices (102), from the

stage-one devices (101).

[0057] In one embodiment, the stage-three device (103) is configured to perform time

synchronization between data received from stage-one and stage-two devices (101 and 102).

[0058] In one embodiment, the stage-three device (103) is configured to perform

computation of various sportsman performance parameters such as speed, air time, jump

height, calories burned, etc., based on the data received from the stage-one and stage-two

devices (101 and 102).

[0059] In one embodiment, the stage-three device (103) is configured to send computed

performance parameters and their ranking to the stage-two devices (102) for user viewing. In
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one embodiment, the stage-three device (103) includes a web interface (245) configured to

allow a user (301) and/or other persons to access the performance data stored in the database

(247).

[0060] In one embodiment, the stage-three device (103) is configured to perform sensors

cross correlation based on the received data, and sending, via the stage-two devices (102), back

to the stage-one devices (101) the parameters for calibration procedures.

[0061] In one embodiment, the stage-three device (103) is configured to perform database

management (243) of the user performance parameters.

[0062] In one embodiment, the stage-three device (103) is connected to the Internet for

communications with the stage-two devices (102).

[0063] In one embodiment, each of the stage-one devices (101) and the stage-two devices

(102) are disposed within a separate housing and configured to be attached separately to the

body of the user (301) via clothing, sporting equipment, band, helmet, etc.

[0064] The multi-stage, distributed system disclosed herein has complexity increases at

stages from sensor data collection to performance parameter determination and storage at a

central location, while ruggedness and power requirements decrease. The system allows

creating a sophisticated but efficient sport performance monitoring system capable of serving

action sport enthusiasts in harsh environment with low cost, low power, high performance, and

high reliability.

[0065] The systems and methods of the present disclosure overcome various limitations in

the conventional systems.

[0066] In a conventional system, the overall device cost is high, since various functions

related to sensors, GPS receivers, memory and processing power for sensor measurement and

computation of the performance characteristics are implemented in a single wearable device.

If several sensors need to be connected to a sportsman, the overall cost may grow significantly.

[0067] In the conventional system, the single device is configured to perform multiple

different functions, such as sensor measurement at a high sampling rate, complicated and fast
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data processing, display, user interface, wireless communication, etc. Such operations are

power hungry and require significant power source that may be too large to be easily wearable

by the sportsman.

[0068] In the distributed system of the present disclosure, the functions implemented in the

stage-one devices are reduced. Multiple stage-one devices (101) can rely upon one stage-two

device (102) to provide the functions implemented in the stage-two device (102). Thus, the

overall cost of one user using separate sensor devices is reduced.

[0069] Since the stage-one devices are used to implement reduced functions, the stage-one

devices can be implemented to be very small and rugged for use in extreme sports.

[0070] In the conventional system, the data processing algorithms implemented in sensor

devices are complicated and need to be constantly improved and updated. With thousands of

devices in the field it could be difficult to ensure that all the devices use the same data

processing algorithm and therefore, compete under the same conditions.

[0071] In the distributed system of the present disclosure, the complex computation of the

performance characteristic parameters is performed at the stage-three device (103). Thus, the

same computation process can be applied to sensor data of different users (301).

[0072] In the conventional system, multiple sensors are attached to the multiple locations

at the sportsman and his equipment. Since each sensor device computes based its own

measurements, the conventional system does not have the capability to combine sensor data

from different sensor devices to take advantage of the multi-relation between the different

sensors.

[0073] In the distributed system of the present disclosure, a stage-two device (102) and/or

the stage-three device (103) can be configured to take advantage of multi-relation between the

different sensors devices in communication with the stage-two device (102).

[0074] Thus, the systems and methods of the present disclosure is highly reliable, low cost,

high performance, and allows to record, analyze, transmit, and store individual performance

data even in the harshest environment.
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[0075] Figure 7 shows a method to measure motion parameters according to one

embodiment. In Figure 7, a communication device (e.g., a stage-two device (102)) of a user

(301) is configured to receive (25 1) user input via a user interface (235). The communication

device (e.g., 102) is configured to be in communication, via short range wireless

communication links (e.g., wireless personal area network), with a plurality of sensor devices

(e.g., stage-one devices (101)) attached to the user (301). Each of the communication device

and the sensor devices is in a housing separate from others. The communication device (e.g.,

102) is configured to send (253) instructions, in response to the user input, to the sensor

devices (e.g., 101) to obtain sensor data during the user (301) performing a sport action. The

communication device (e.g., 102) is configured to process (255) sensor data received from the

sensor devices (e.g., 101) and present preliminary performance data on the communication

device (e.g., 102) for presentation using the user interface (235) of the communication device

(e.g., 102). The communication device (e.g., 102) is configured to transmit data generated

based on the sensor data received from the sensor devices (e.g., 101) to a remote server (e.g., a

stage-three device (103)). The remote server (e.g., 103) is configured to compute (257) action

performance characteristic parameters using the data transmitted from the communication

device (e.g., 102).

[0076] In one embodiment, the communication device (e.g., 102) is configured to use

multi-relation among sensor data received from different sensor devices (e.g., 101) to generate

the preliminary performance data.

[0077] In one embodiment, the remote server (e.g., 103) is configured to compute the

action performance characteristic parameters based on multi-relation among sensor data

received from different sensor devices (e.g., 101) to generate the preliminary performance

data.

[0078] In one embodiment, the sensor devices (e.g., 101) are configured without user

interfaces to show information based on the sensor data.

[0079] In one embodiment, at least some of the devices, such as the stage-two device
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(102), the stage-three device (103), can be implemented using one or more data processing

systems as illustrated in Figure 8, with more or less components.

[0080] Figure 8 shows a data processing system according to one embodiment. While

Figure 8 illustrates various parts of a computer system, it is not intended to represent any

particular architecture or manner of interconnecting the parts. One embodiment may use

other systems that have fewer or more components than those shown in Figure 8 .

[0081] In Figure 8, the data processing system (310) includes an inter-connect (3 11) (e.g.,

bus and system core logic), which interconnects a microprocessor(s) (313) and memory (314).

The microprocessor (313) is coupled to cache memory (319) in the example of Figure 8 .

[0082] In one embodiment, the inter-connect (31 1) interconnects the microprocessor(s)

(313) and the memory (314) together and also interconnects them to input/output (I/O)

device(s) (315) via I/O controller(s) (317). I/O devices (315) may include a display device

and/or peripheral devices, such as mice, keyboards, modems, network interfaces, printers,

scanners, video cameras and other devices known in the art. In one embodiment, when the

data processing system is a server system, some of the I/O devices (315), such as printers,

scanners, mice, and/or keyboards, are optional.

[0083] In one embodiment, the inter-connect (31 1) includes one or more buses connected

to one another through various bridges, controllers and/or adapters. In one embodiment the

I/O controllers (317) include a USB (Universal Serial Bus) adapter for controlling USB

peripherals, and/or an IEEE-1394 bus adapter for controlling IEEE-1394 peripherals.

[0084] In one embodiment, the memory (314) includes one or more of: ROM (Read Only

Memory), volatile RAM (Random Access Memory), and non-volatile memory, such as hard

drive, flash memory, etc.

[0085] Volatile RAM is typically implemented as dynamic RAM (DRAM) which requires

power continually in order to refresh or maintain the data in the memory. Non-volatile

memory is typically a magnetic hard drive, a NAND flash memory, a magnetic optical drive,

an optical drive (e.g., a DVD RAM), or other type of memory system which maintains data
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even after power is removed from the system. The non-volatile memory may also be a

random access memory.

[0086] The non-volatile memory can be a local device coupled directly to the rest of the

components in the data processing system. A non-volatile memory that is remote from the

system, such as a network storage device coupled to the data processing system through a

network interface such as a modem or Ethernet interface, can also be used.

[0087] In this description, some functions and operations are described as being performed

by or caused by software code to simplify description. However, such expressions are also

used to specify that the functions result from execution of the code/instructions by a processor,

such as a microprocessor.

[0088] Alternatively, or in combination, the functions and operations as described here can

be implemented using special purpose circuitry, with or without software instructions, such as

using Application-Specific Integrated Circuit (ASIC) or Field-Programmable Gate Array

(FPGA). Embodiments can be implemented using hardwired circuitry without software

instructions, or in combination with software instructions. Thus, the techniques are limited

neither to any specific combination of hardware circuitry and software, nor to any particular

source for the instructions executed by the data processing system.

[0089] While one embodiment can be implemented in fully functioning computers and

computer systems, various embodiments are capable of being distributed as a computing

product in a variety of forms and are capable of being applied regardless of the particular type

of machine or computer-readable media used to actually effect the distribution.

[0090] At least some aspects disclosed can be embodied, at least in part, in software. That

is, the techniques may be carried out in a computer system or other data processing system in

response to its processor, such as a microprocessor, executing sequences of instructions

contained in a memory, such as ROM, NAND, volatile RAM, non-volatile memory, cache or a

remote storage device.

[0091] Routines executed to implement the embodiments may be implemented as part of
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an operating system or a specific application, component, program, object, module or

sequence of instructions referred to as "computer programs." The computer programs typically

include one or more instructions set at various times in various memory and storage devices in

a computer, and that, when read and executed by one or more processors in a computer, cause

the computer to perform operations necessary to execute elements involving the various

aspects.

[0092] A machine readable medium can be used to store software and data which when

executed by a data processing system causes the system to perform various methods. The

executable software and data may be stored in various places including for example ROM,

NAND, volatile RAM, non-volatile memory and/or cache. Portions of this software and/or

data may be stored in any one of these storage devices. Further, the data and instructions can

be obtained from centralized servers or peer to peer networks. Different portions of the data

and instructions can be obtained from different centralized servers and/or peer to peer

networks at different times and in different communication sessions or in a same

communication session. The data and instructions can be obtained in entirety prior to the

execution of the applications. Alternatively, portions of the data and instructions can be

obtained dynamically, just in time, when needed for execution. Thus, it is not required that

the data and instructions be on a machine readable medium in entirety at a particular instance

of time.

[0093] Examples of computer-readable media include but are not limited to recordable and

non-recordable type media such as volatile and non-volatile memory devices, read only

memory (ROM), random access memory (RAM), flash memory devices, floppy and other

removable disks, magnetic disk storage media, optical storage media (e.g., Compact Disk

Read-Only Memory (CD ROMS), Digital Versatile Disks (DVDs), etc.), among others. The

computer-readable media may store the instructions.

[0094] The instructions may also be embodied in digital and analog communication links

for electrical, optical, acoustical or other forms of propagated signals, such as carrier waves,
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infrared signals, digital signals, etc. However, propagated signals, such as carrier waves,

infrared signals, digital signals, etc. are not tangible machine readable medium and are not

configured to store instructions.

[0095] In general, a machine readable medium includes any mechanism that provides (i.e.,

stores and/or transmits) information in a form accessible by a machine (e.g., a computer,

network device, personal digital assistant, manufacturing tool, any device with a set of one or

more processors, etc.).

[0096] In various embodiments, hardwired circuitry may be used in combination with

software instructions to implement the techniques. Thus, the techniques are neither limited to

any specific combination of hardware circuitry and software nor to any particular source for

the instructions executed by the data processing system.

[0097] The description and drawings are illustrative and are not to be construed as

limiting. The present disclosure is illustrative of inventive features to enable a person skilled

in the art to make and use the techniques. Various features, as described herein, should be

used in compliance with all current and future rules, laws and regulations related to privacy,

security, permission, consent, authorization, and others. Numerous specific details are

described to provide a thorough understanding. However, in certain instances, well known or

conventional details are not described in order to avoid obscuring the description. References

to one or an embodiment in the present disclosure are not necessarily references to the same

embodiment; and, such references mean at least one.

[0098] The use of headings herein is merely provided for ease of reference, and shall not

be interpreted in any way to limit this disclosure or the following claims.

[0099] Reference to "one embodiment" or "an embodiment" means that a particular

feature, structure, or characteristic described in connection with the embodiment is included in

at least one embodiment of the disclosure. The appearances of the phrase "in one

embodiment" in various places in the specification are not necessarily all referring to the same

embodiment, and are not necessarily all referring to separate or alternative embodiments
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mutually exclusive of other embodiments. Moreover, various features are described which

may be exhibited by one embodiment and not by others. Similarly, various requirements are

described which may be requirements for one embodiment but not for other embodiments.

Unless excluded by explicit description and/or apparent incompatibility, any combination of

various features described in this description is also included here. For example, the features

described above in connection with "in one embodiment" or "in some embodiments" can be all

optionally included in one implementation, except where the dependency of certain features on

other features, as apparent from the description, may limit the options of excluding selected

features from the implementation, and incompatibility of certain features with other features,

as apparent from the description, may limit the options of including selected features together

in the implementation.

[00100] In the foregoing specification, the disclosure has been described with reference to

specific exemplary embodiments thereof. It will be evident that various modifications may be

made thereto without departing from the broader spirit and scope as set forth in the following

claims. The specification and drawings are, accordingly, to be regarded in an illustrative

sense rather than a restrictive sense.
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CLAIMS

What is claimed is:

1. A system to measure sport motions, the system comprising:

a plurality of sensor devices, each respective sensor device in the plurality of sensor

devices housed in a separate housing and configured to be attached to a user or

user equipment during performance of sport actions, the respective sensor

device including one or more sensors configured to obtain measurements

related to motions of the user in the sport actions and a transceiver for wireless

communications; and

a plurality of communication devices, each respective communication device in the

plurality of communication devices configured to wirelessly communicate with

one or more of the plurality of sensor devices when the respective

communication device and the one or more of the plurality of sensor devices are

co-located with a same user, the respective communication device comprising

a user interface configured to receive user instructions,

a first transceiver for wireless communications, configured to send instructions

to operate the one or more of the plurality sensor devices and receive

sensor data from the one or more of the plurality of sensor devices,

a processor configured to process the sensor data to generate partial results for

presentation via the user interfaced; and

a second transceiver configured to communicate with a server computing

apparatus coupled to the plurality of communication devices via a

network, the server computing apparatus disposed at a location remote

to the plurality of communication devices and the plurality of sensor

devices, the server computing apparatus configured to communicate
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with the second transceiver of the respective communication device

over the network to receive input data based on the sensor data

generated by the one or more of the plurality of sensor devices.

2 . The system of claim 1, further comprising:

the server computing apparatus, comprising a database to store the input data.

3 . The system of claim 2, wherein the server computing apparatus is configured to

generate action performance characteristics parameters based on the input data.

4 . The system of claim 3, wherein the action performance characteristics parameters

include at least one of: speed, distance, vertical drop, calories, air time, jump height,

and jump rotation.

5 . The system of claim 3, wherein the server computing apparatus further comprises a

web interface to present rankings of users based on input data received from the

plurality of communication devices.

6 . The system of claim 1, wherein the respective communication device comprises a

cellular phone configured to communicate with the server computing apparatus over a

cellular communications network.

7 . The system of claim 1, wherein the processor of the respective communication device

is configured to compute the input data based on the sensor data received from the one

or more of the plurality of sensor devices.
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8. The system of claim 7, wherein the one or more sensors of the respective sensor device

include at least one of:

a Global Positioning System receiver;

a rotation sensor;

an accelerometer; and

a magnetic inclination sensor.

9 . The system of claim 1, wherein the input data includes the sensor data.

10. The system of claim 1, wherein the respective communication device includes at least

one sensor based on which the partial results is generated.

11. The system of clam 10, wherein the respective communication device and the one or

more of the plurality of sensor devices are configured to perform time synchronization.

12. A sensor device, comprising:

a housing configured to be attached to a user or user equipment during performance of

sport actions;

one or more sensors configured to obtain measurements related to motions of the user

in the sport actions;

memory configured to store at least some measurements data obtained by sensors, and

a transceiver configured to wirelessly communicate with a separate communication

device to provide a user interface on the separate communication device to

operate the sensor device, the separate communication device configured to

retrieve sensor data from the transceiver and present processing results, based at

least on the sensor data, on the user interface of the separate communication

device.
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13. The sensor device of claim 12, wherein the one or more sensors of the sensor device

include at least one of:

a Global Positioning System receiver;

a rotation sensor;

an accelerometer; and

a magnetic inclination sensor.

14. The sensor device of claim 12, wherein the user interface is configured to receive user

input to command the sensor device; and the sensor device has no user interface to

receive the user input.

15. The sensor device of claim 12, wherein the transceiver is configured for a personal area

network.

16. The sensor device of claim 12, wherein the transceiver includes a Bluetooth

transceiver.

17. The sensor device of claim 12, further comprising:

a microprocessor configured to control a data sampling rate of a sensor of the one or

more sensors, based on an analysis of sensor data.

18. The sensor device of claim 17, further comprising:

a nonvolatile memory configured to store at least a part of sensor data collected from

the one or more sensors.

19. A communication device, comprising:

a housing separate from sensor devices;
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a first transceiver for wireless communications with the sensor devices via a wireless

personal area network;

a second transceiver for communication with a remote server apparatus;

a memory capable to store data received from the sensor devices;

a user interface configured to receive user instructions; and

a microprocessor configured to use the first transceiver to operate the sensor devices in

accordance with the user instructions, including receiving sensor data from the

sensor devices, process the sensor data to generate results for presentation via

the user interfaced, and use the second transceiver to provide input data, based

on the sensor data generated by the sensor devices, to the remove server

apparatus.

20. The communication device of claim 19, wherein the second transceiver comprises a

cellular communications transceiver.

2 1. The communication device of claim 20, wherein the user instructions include one of:

start sensor data collection;

stop sensor data collection;

set a data sampling rate;

initiate sensor data transfer;

set a signal conditioning parameter; and

synchronize internal time clock between the devices.

22. The communication device of claim 20, wherein the microprocessor is configured to

receive instructions from the remote server apparatus using the second transceiver and

provide the instructions to the sensor devices via the first transceiver.
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