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DETERMINING PROXIMITY OF TRANSMITTER ANTENNAS TO A
HUMAN BODY FOR LIMITING TRANSMITTER OUTPUT POWER

FIELD

[0001] The present disclosure relates to determining proximity of transmitter antennas
of portable devices to a human body. In particular, it relates to determining proximity of
transmitter antennas of portable devices to a human body for limiting transmitter output

power (Ptx) to meet specific absorption rate (SAR) requirements.

BACKGROUND

[0002] Portable devices used by the general public need to meet regulatory specific
absorption rate (SAR) compliance requirements (e.g., refer to Federal Communications
Commission (FCC) Part 15 — Radio Frequency (RF) exposure requirements). The need
to limit a user's exposure to RF energy from a portable device (in particular, from the
device’s RF transmitter antenna) under the regulatory thresholds may necessitate a
need in certain use cases to limit the transmitter power at a level (Psarmax), Which is
below the maximum transmitter power (Puwax). In such cases, during which a portable
device may be closer to human body than in other use case scenarios, the RF exposure
to the user from the device may exceed mandatory SAR exposure limits if the

transmitter of the device is allowed to operate at its maximum transmitter power.

[0003] On the other hand, unnecessarily cutting back the transmitter power of the

device in situations where the device is not close to human body, or the device is being
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operated in a way that does not cause SAR exposure above compliance limits, would
result in reduced wireless link performance and network range (e.g., in cellular networks,
wireless local area network (WLAN) networks, etc.). As such, there is a need for an
improved design for determining the relationship of RF devices to proximate humans to

determine maximum permissible transmitter power within SAR requirements.

SUMMARY

[0004] The present disclosure relates to a method, system, and apparatus for
adjusting transmitter output power (P1x) according to the proximity of the portable device
to a human body to meet SAR requirements. In one or more embodiments, a method
for adjusting Ptx comprises sensing, by a proximity sensor communicatively coupled to
a transmitting device, whether an object is proximate to the transmitting device. The
method further comprises analyzing an image from a camera to determine whether the
transmitting device is proximate to a portion of a human body, when the proximity
sensor senses the object proximate to the transmitting device. Further, the method
comprises adjusting the P1x of an antenna operatively coupled to the transmitting device
to be less than or equal to a SAR threshold output power (Psarmax), when it is
determined that the transmitting device is proximate to the portion of the human body or
when it cannot be determined whether the transmitting device is proximate to a portion

of a human body.

[0005] In one or more embodiments, the method further comprises sensing, by a
proximity sensor communicatively coupled to a transmitting device, an object proximate

to the transmitting device. The method also comprises determining whether the Ptx of
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an antenna operatively coupled to the transmitting device is greater than a SAR
threshold output power (Psarmax), When the proximity sensor senses the object
proximate to the transmitting device. In addition, the method comprises obtaining an
image from a camera. Additionally, the method comprises analyzing the image to
determine whether the transmitting device is proximate to a portion of a human body,
when it is determined that the Prx of the antenna is greater than the Psarmax. Further,
the method comprises adjusting the Ptx of the antenna to be less than or equal to
Psarmax, When it is determined that the transmitting device is proximate to the portion of
the human body or when it cannot be determined whether the transmitting device is

proximate to a portion of a human body.

[0006] In at least one embodiment, the method further comprises determining whether

the antenna is transmitting.

[0007] In at least one embodiment, the method further comprises not adjusting the Prx
of the antenna, when the proximity sensor does not sense the object proximate to the

transmitting device.

[0008] In one or more embodiments, the method further comprises determining
whether a human body proximity flag has been set, when it is determined that the Pyx of

the antenna is not greater than the Psarmax.

[0009] In at least one embodiment, the method further comprises delaying
performance of the method by a predetermined amount of time, when it is determined

that the human body proximity flag has been set.
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[0010] In one or more embodiments, the method further comprises not adjusting the
Px of the antenna, when it is determined that the human body proximity flag has not

been set.

[0011] In at least one embodiment, the method further comprises clearing a human

body proximity flag, after the obtaining of the image.

[0012] In at least one embodiment, the method further comprises determining whether
the transmitting device is within a field of view (FOV) of the camera by analyzing the

image.

[0013] In one or more embodiments, the method further comprises adjusting the P1x
of the antenna to be less than or equal to Pgsarmax, When it is determined that the

transmitting device is not within the FOV of the camera.

[0014] In at least one embodiment, the method further comprises not adjusting the Prx
of the antenna, when it is determined that the transmitting device is not proximate to the

portion of the human body.

[0015] In one or more embodiments, the method further comprises setting a human
body proximity flag, when it is determined that the transmitting device is proximate to the
portion of the human body or when it cannot be determined whether the transmitting

device is proximate to a portion of a human body.

[0016] In at least one embodiment, the proximity sensor is an optical sensor, a

capacitive touch sensor, or a mechanical button sensor.

[0017] In one or more embodiments, the antenna is internal or external to the

transmitting device.
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[0018] In at least one embodiment, the antenna is transmitting a radio frequency (RF)

signal.

[0019] In one or more embodiments, the camera is operatively coupled to a user

device.
[0020] In at least one embodiment, the user device is a head-mounted display.

[0021] In one or more embodiments, a system for adjusting transmitter output power
(Ptx) comprises a transmitting device. The system further comprises an antenna
operatively coupled to the transmitting device. The system also comprises a proximity
sensor, communicatively coupled to the transmitting device, to sense an object
proximate to the transmitting device. In addition, the system comprises a camera to
obtain an image. Further, the system comprises a processor: (1) to determine whether
the P1x of the antenna is greater than a SAR threshold output power (Psarmax) when the
proximity sensor senses the object proximate to the transmitting device, (2) to analyze
the image to determine whether the transmitting device is proximate to a portion of a
human body when it is determined that the Prx of the antenna is greater than the
Psarmax, and (3) to adjust the Prx of the antenna to be less than or equal to Pgarmax
when it is determined that the transmitting device is proximate to the portion of the
human body or when it cannot be determined whether the transmitting device is

proximate to a portion of a human body.

[0022] In at least one embodiment, the processor determines whether the antenna is

transmitting.
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[0023] In at least one embodiment, the processor does not adjust the Prx of the
antenna, when the proximity sensor does not sense the object proximate to the

transmitting device.

[0024] In one or more embodiments, the processor determines whether a human body
proximity flag has been set, when the processor determines that the P1x of the antenna

is not greater than the Psarmax.

[0025] In at least one embodiment, performance of the processor is delayed by a
predetermined amount of time, when the processor determines that the human body

proximity flag has been set.

[0026] In one or more embodiments, the processor does not adjust the Prx of the
antenna, when the processor determines that the human body proximity flag has not

been set.

[0027] In at least one embodiment, the processor clears a human body proximity flag,

after the camera obtains the image.

[0028] In one or more embodiments, the processor determines whether the

transmitting device is within a FOV of the camera by analyzing the image.

[0029] In at least one embodiment, the processor adjusts the Ptx of the antenna to be
less than or equal to Psarmax, When the processor determines that the transmitting

device is not within the FOV of the camera.

[0030] In one or more embodiments, the processor does not adjust the Prx of the
antenna, when the processor determines that the transmitting device is not proximate to

the portion of the human body.
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[0031] In at least one embodiment, the processor sets a human body proximity flag,
when the processor determines that the transmitting device is proximate to the portion of
the human body or when it cannot be determined whether the transmitting device is
proximate to a portion of a human body. In one or more embodiments, the proximity

sensor is an optical sensor, a capacitive touch sensor, or a mechanical button sensor.

[0032] In one or more embodiments, a method for adjusting a maximum level of RF
transmission power comprises obtaining output data from at least one sensor configured
to monitor one or more conditions of at least one radio frequency (RF) antenna of a
computing device relative to an environment of the computing device, determining that
output data obtained from the at least one sensor indicates that the computing device is
positioned relative to one or more objects located in the environment of the computing
device in a manner such that, under current operating parameters of the at least one RF
antenna, the one or more objects are subject to being exposed to levels of RF energy
that exceed one or more thresholds, in response to determining that output data
obtained from the at least one sensor indicates that, under current operating parameters
of the at least one RF antenna, the one or more objects are subject to being exposed to
levels of RF energy that exceed one or more thresholds, obtaining one or more images
from at least one camera, processing the one or more images, determining, based on
processing the one or more images obtained from the at least one camera, that the one
or more images do not serve to confirm that none of the one or more objects are
biologically human, and in response to determining that the one or more images do not
serve to confirm that none of the one or more objects are biologically human, adjusting a

maximum level of power at which the at least one antenna is to transmit RF signals.
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[0033] In some embodiments, processing the one or more images processing the one
or more images obtained from the at least one camera comprises performing one or
more image recognition processes to identify specific objects shown in the one or more

images.

[0034] In some of such embodiments, determining that the one or more images do not
serve to confirm that none of the one or more objects are biologically human comprises
determining, based on processing the one or more images obtained from the at least
one camera, that the computing device is not identified as being shown in the one or

more images.

[0035] In some of such embodiments, determining that the one or more images do not
serve to confirm that none of the one or more objects are biologically human comprises
determining, based on processing the one or more images obtained from the at least
one camera, that at least one of the one or more objects is identified as being a human

body or portion thereof.

[0036] In some of such embodiments, determining that the one or more images do not
serve to confirm that none of the one or more objects are biologically human comprises
determining, based on processing the one or more images obtained from the at least
one camera, that at least one of the one or more objects is unidentifiable or is not

identified as being shown in the one or more images.

[0037] In some embodiments, the at least one sensor is a proximity sensor configured
to monitor a distance between the at least one antenna and physical objects located In

the environment of the computing device. In some of these embodiments, determining
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that output data obtained from the at least one sensor indicates that the computing
device is positioned relative to one or more objects located in the environment of the
computing device in a manner such that, under current operating parameters of the at
least one RF antenna, the one or more objects are subject to being exposed to levels of
RF energy that exceed one or more thresholds comprises evaluating the output data
obtained from the at least one sensor against a look-up table, and determining, based
on the evaluation results, that the computing device is positioned close enough to the
one or more objects such that, under current operating parameters of the at least one
RF antenna, the one or more objects are subject to being exposed to levels of RF

energy that exceed one or more thresholds.

[0038] In some embodiments, the at least one sensor further is an orientation sensor
configured to monitor an orientation of the computing device relative to the environment

of the computing device.

[0039] In one or more embodiments, a computing system comprises a physical
housing structure and a plurality of electronic hardware components, at least a portion of
which are contained within or attached to the physical housing structure. The plurality of
electronic hardware components may include at least one antenna for transmitting radio
frequency (RF) signals, at least one sensor configured to monitor one or more
conditions of the at least one antenna relative to an environment of the physical housing
structure, at least one camera, and at least one processor communicatively coupled to
the at least one antenna, the at least one sensor, and the at least one camera. The at
least one processor may be configured to obtain output data from the at least one

sensor, determine whether output data obtained from the at least one sensor indicates
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that the physical housing structure is positioned relative to one or more objects located
in the environment of the physical housing structure in a manner such that, under
current operating parameters of the at least one antenna, the one or more objects are
subject to being exposed to levels of RF energy that exceed one or more thresholds,
obtain one or more images from the at least one camera in response to determining that
output data obtained from the at least one sensor indicates that, under current operating
parameters of the at least one antenna, the one or more objects are subject to being
exposed to levels of RF energy that exceed one or more thresholds, process the one or
more images obtained from the at least one camera to determine whether the one or
more images serve to confirm that none of the one or more objects are biologically
human, determine a maximum level of power at which the at least one antenna is to
transmit RF signals based on determining whether the one or more images serve to
confirm that none of the one or more objects are biologically human, and control the at
least one antenna to transmit RF signals at levels of power less than or equal to the

determined maximum level of power.

[0040] In at least one embodiment, the at least one processor does not belong to the
portion of the plurality of electronic hardware components that are contained within or

attached to the physical housing structure.

[0041] In some embodiments, the at least one camera does not belong to the portion
of the plurality of electronic hardware components that are contained within or attached

to the physical housing structure.

10
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[0042] In some of these embodiments, the at least one camera is contained within or
attached to a user device that is physically displaced from the physical housing
structure. In at least one of these embodiments, the user device is a headset. In

another of these embodiments, the user device is a handheld controller.

[0043] In some of these embodiments, the at least one sensor configured to monitor
one or more conditions of the at least one antenna relative to the environment of the
physical housing structure belongs to the portion of the plurality of electronic hardware

components that are contained within or attached to the physical housing structure.

[0044] In some embodiments, the plurality of electronic hardware components further
comprise at least one user interface component communicatively coupled to the at least
one processor. In at least one of these embodiments, the at least one processor is
further configured to provide one or more alerts for output through the at least one user
interface component in response to determining that the one or more images do not

serve to confirm that none of the one or more objects are biologically human.

[0045] The features, functions, and advantages can be achieved independently in
various embodiments of the present disclosure or may be combined in yet other

embodiments.

DRAWINGS

[0046] These and other features, aspects, and advantages of the present disclosure
will become better understood with regard to the following description, appended claims,

and accompanying drawings where:

11



WO 2018/112430 PCT/US2017/066855

[0047] FIG. 1A is a block diagram showing the disclosed system for determining the
proximity of transmitter antennas of portable devices to a human body for limiting
transmitter output power (Ptx) to meet specific absorption rate (SAR) requirements, in

accordance with at least one embodiment of the present disclosure.

[0048] FIG. 1B is a diagram showing an augmented reality system including the
disclosed system for determining the proximity of transmitter antennas of portable
devices to a human body for limiting transmitter output power (Ptx) to meet specific
absorption rate (SAR) requirements, in accordance with at least one embodiment of the

present disclosure.

[0049] FIG. 2 is a diagram showing a flow chart for the disclosed method for
determining the proximity of transmitter antennas of portable devices to a human body
for limiting transmitter output power (P1x) to meet SAR requirements, in accordance with

at least one embodiment of the present disclosure.

[0050] FIG. 3 is a diagram showing the disclosed system for determining the proximity
of transmitter antennas of portable devices to a human body for limiting transmitter
output power (P1x) to meet SAR requirements, where the portable device is not located
on a human body, in accordance with at least one embodiment of the present

disclosure.

[0051] FIG. 4 is a diagram showing the disclosed system for determining the proximity
of transmitter antennas of portable devices to a human body for limiting transmitter
output power (P1x) to meet SAR requirements, where the portable device is located on a

human body, in accordance with at least one embodiment of the present disclosure.

12
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[0052] FIG. 5 is a diagram showing the disclosed system for determining the proximity
of transmitter antennas of portable devices to a human body for limiting transmitter
output power (P1x) to meet SAR requirements, where the portable device is not located
on a human body, in accordance with at least one embodiment of the present

disclosure.

[00563] FIG. 6 is a diagram showing the disclosed system for determining the proximity
of transmitter antennas of portable devices to a human body for limiting transmitter
output power (Ptx) to meet SAR requirements, where the portable device is located
adjacent a human body, in accordance with at least one embodiment of the present

disclosure.

[00564] FIG. 7 is a block diagram of components of a computing apparatus or system
in which various embodiments may be implemented or that may be utilized to execute

embodiments.

DESCRIPTION

[0055] The methods and apparatus disclosed herein provide an operative system for
adjusting transmitter output power (P1x) according to the proximity of the portable device
(e.g., a transmitting device) to a human body to maximize transmission potential relative
to specific absorption rate (SAR) requirements as described above. The system of the
present disclosure provides a method that uses real-time image sensing and image
recognition capability of a wireless portable device along with proximity sensing to
accurately detect the physical proximity of a radio frequency (RF) transmitter antenna of

the portable device to a human body. In order to keep SAR exposure to the user below

13
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regulatory limits during normal operation of a wireless device, the RF transmitter output
power level may need to be limited below its maximum power for the cases where the
transmitter antenna comes in close proximity to human body. The use of image
recognition to compliment proximity sensing provides a powerful method to distinguish
whether the RF transmitter antenna is near a human body or merely near some other
random object. If the system determines that the RF transmitter antenna is in proximity
to a human body, then the RF transmitter power can be limited to a level below its

maximum power level in order to meet regulatory limits for SAR exposure.

[0056] As previously mentioned above, portable devices used by the general public
need to meet regulatory SAR compliance requirements (e.g., refer to Federal
Communications Commission (FCC) Part 15 — RF exposure requirements). The need
to limit a user's exposure to RF energy from a portable device (in particular, from the
device’'s RF transmitter antenna) under the regulatory thresholds may necessitate a
need in certain use cases to limit the transmitter power at a level (Psarmax), Which is
below the maximum transmitter power (Pyax). In such cases, during which a portable
device may be closer to human body than in other use case scenarios, the RF exposure
to the user from the device may exceed mandatory SAR exposure limits if the
transmitter of the device is allowed to operate at its maximum transmitter power. On the
other hand, unnecessarily cutting back the transmitter power of the device in situations
where the device is not close to human body, or the device is being operated in a way
that does not cause SAR exposure above compliance limits, would result in reduced
wireless link performance and network range (e.g., in cellular networks, wireless local

area network (WLAN) networks, etc.).

14
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[00567] Currently, some conventional methods use proximity sensors along with some
other subjective indicators to determine whether to limit the transmitter power of a
portable device (e.g., a transmitting device) below its maximum power for reducing SAR
exposure. However, these methods do not use real-time image sensing and
image/pattern recognition to complement proximity sensing in order to accurately
determine proximity of the RF transmitter antenna of the device to a human body.
These methods could be overly conservative in that they tend to limit the transmitter
power even in situations where the device could be in proximity of non-human objects.
This is because these methods cannot accurately distinguish the type of object in
proximity with the device. As such, these methods may unnecessarily limit the wireless

network range and degrade link performance in situations where it is avoidable.

[0058] As such, there is a need to limit the RF transmitter power to a level Psarmax,
which is less than (<) Pmax, in use cases during which proximity of the RF antenna to a
human body results in SAR exposure exceeding regulatory limits if the transmitter
operates above Pgaruax. Additionally, there is a need to not limit the RF transmitter
power below the maximum power (Puax) in use cases during which SAR exposure does

not exceed regulatory limits while operating at the maximum power Pyax.

[0059] It should be noted that during product development, SAR is normally
characterized for all use cases, and maximum power levels (Psaruax) are determined at
which the transmitter could safely operate without exceeding the SAR limits. The
challenge is then to detect in real-time if the device is being operated in a use case
which requires limiting the transmitter power t0 Pgarmax < Pmax in order to meet SAR

exposure requirements, while at the same time to not limit the transmitter power below

15
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Pumax when the device is being operated in a way that does not require limiting

transmitter power to meet SAR exposure requirements.

[0060] The present disclosure provides a system that comprises: (a) one or more
image sensors, and (b) one or more RF transmitter antennas and proximity sensors.
Within the system, image sensors and portable device RF transmitter antennas are
arranged in a manner such that the image sensors are able to detect the portable device
RF transmitter antennas in their field of view (e.g., this can be achieved by not physically
collocating the image sensors and the portable device RF transmitter antennas.
Furthermore, one or more RF transmitter antennas and at least one proximity sensor
(e.g., an optical sensor, a capacitive touch sensor, a mechanical button, etc.), which is
capable of detecting proximity of an object to the portable device, are mounted

physically close to each other.

[0061] In the following description, numerous details are set forth in order to provide a
more thorough description of the system. It will be apparent, however, to one skilled in
the art, that the disclosed system may be practiced without these specific details. In the
other instances, well known features have not been described in detail so as not to

unnecessarily obscure the system.

[0062] Embodiments of the present disclosure may be described herein in terms of
functional and/or logical components and various processing steps. It should be
appreciated that such components may be realized by any number of hardware,
software, and/or firmware components configured to perform the specified functions.

For example, an embodiment of the present disclosure may employ various integrated

16
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circuit components (e.g., memory elements, digital signal processing elements, logic
elements, look-up tables, or the like), which may carry out a variety of functions under
the control of one or more processors, microprocessors, or other control devices. In
addition, those skilled in the art will appreciate that embodiments of the present
disclosure may be practiced in conjunction with other components, and that the system

described herein is merely one example embodiment of the present disclosure.

[0063] For the sake of brevity, conventional techniques and components related to
portable devices, and other functional aspects of the system (and the individual
operating components of the systems) may not be described in detail herein.
Furthermore, the connecting lines shown in the various figures contained herein are
intended to represent example functional relationships and/or physical couplings
between the various elements. It should be noted that many alternative or additional
functional relationships or physical connections may be present in an embodiment of

the present disclosure.

[0064] FIG. 1A is a block diagram 100A showing the disclosed system for determining
the proximity of transmitter antennas of portable devices to a human body for limiting
transmitter output power (P1x) to meet specific absorption rate (SAR) requirements, in
accordance with at least one embodiment of the present disclosure. In this figure, two
separate portable device components are shown, which are portable device component
A (e.g., a user device in the form of a headset worn by a user) 105 and portable device
component B (e.g., a transmitting device) 110. It should be noted that portable device
component A 105 and portable device component B 110 are communicatively coupled

115 to one another via wirelessly and/or wire.

17
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[0065] Portable device component A (e.g., user device) 105 may be a head-mounted
display. In addition, portable device component A 105 is shown to include an image
sensing system 170. The image sensing system may comprise one or more image
sensors (e.g., a camera(s) to capture an image(s)). The one or more image sensors
can include regular cameras, as well as thermographic imaging sensors such as
forward looking infrared (FLIR) cameras and other infrared cameras. The image
sensor(s) (e.g., camera(s)) are operatively coupled to portable device component A

105.

[0066] Portable device component B (e.g., a transmitting device) 110 is shown to
include a transmit antenna 120. The transmit antenna 120 may be an RF antenna that
transmits a radio frequency (RF) signal(s). In other embodiments, Portable device
component B 110 may include more than one transmit antenna 120 as is shown in FIG.
1A. In addition, in various embodiments, the transmit antenna(s) 120 may be internal

and/or external to portable device component B 110.

[0067] Portable device component B (e.g., a transmitting device) 110 may, for
example, leverage the transmit antenna 120 to communicate with a variety of computing
devices over one or more wireless networks. For instance, portable device component
B (e.g., a transmitting device) 110 may use the transmit antenna 120 and other wireless
communication componentry to communicate (directly or indirectly) with one or more
servers as a client thereof, communicate (directly or indirectly) with one or more cloud
computing devices, access one or more web resources, and the like. The portable
device component B (e.g., a transmitting device) 110 may establish wireless

communication with such computing devices according to any of a variety of wireless

18
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communications protocols, such as BLUETOOTH®, WI-FI® or some IEEE 802.11
compliant protocol (e.g., IEEE 802.11n, IEEE 802.11a/c, WiGig IEEE 802.11ad, High-
Efficiency Wireless (HEW) 802.11ax, etc.), Long Term Evolution (LTE) or LTE

Advanced, and the like.

[0068] Portable device component B (e.g., a transmitting device) 110 is shown to also
include a proximity sensor 125. In other embodiments, Portable device component B
110 may include more than one proximity sensor 125, such as an optional secondary
sensor 126 as is shown in FIG. 1A. It should be noted that various different types of
sensors may be employed for the proximity sensor 125 and the secondary sensor 126
including, but not limited to optical sensors (e.g., infrared sensors, photoelectric
sensors, etc.), capacitive touch sensors, inductive sensors, ultrasonic sensors, radar
sensors, and/or mechanical button sensors. The proximity sensor 125, and in some
embodiments the secondary sensor 126, are strategically located on and/or within the
portable device component B (e.g., a transmitting device) 110 such that the proximity
sensor 125 and the secondary sensor 126 are co-located with the transmit antenna(s)

120.

[0069] In addition, portable device component B (e.g., a transmitting device) 110 is
also shown to include a processor 130. It should be noted that in some embodiments,
the processor 130 is located in a device other than portable device component B (e.g.,
a transmitting device) 110, such as portable device component A (e.g., user device)
105 or another alternative device. In embodiments where the processor 130 is located
in a device other than portable device component B (e.g., a transmitting device) 110,

the device the processor 130 is located within will send a signal(s) to portable device
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component B (e.g., a transmitting device) 110 regarding any needed adjustment of the

transmitter output power (Prx).

[0070] In FIG. 1A, the processor 130 is shown to include an image processing unit
135 and a sensor processing unit 140, which are used for proximity and image
detection. The sensor processing unit 140 is communicatively coupled to the proximity
sensor 125 and the secondary sensor 126, and as such, is configured to receive sensor
data. The sensor processing unit 140 analyzes sensor data received from the proximity
sensor 125 and the secondary sensor 126 to determine whether an object is proximate
to the portable device component B 110. In some examples, the sensor processing
unit 140 is configured to generate an interrupt in response to determining that the
portable device component B 110 is positioned less than a threshold distance away
from one or more objects. Image processing unit 135 analyzes an image(s) from the
image sensing system 170 to recognize or otherwise identify one or more objects in the
image(s) positioned less than a threshold distance away from the portable device
component B 110. In some examples, the image processing unit 135 may perform
such operations in real-time. The image processing unit 135 utilizes image recognition
software, which is programmed and/or trained to recognize or otherwise identify objects
resembling a physical housing structure of the portable device component B 110 or a
portion thereof. By locating the portable device component B 110 in the image(s), the
image processing unit 135 can analyze other portions of the image(s) for one or more
objects abutting and/or positioned within the immediate vicinity of the proximity sensor
125. More specifically, the image processing unit 135 analyzes the image(s) to

determine whether the one or more objects proximate to the portable device component
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B 110 are recognized or otherwise identified as being non-human. As such, the image
processing unit 135 may leverage one or more image processing techniques for
recognizing a variety of everyday objects (e.g., architectural features of properties,
household items, furniture, electronic devices, plants, creatures, vehicles, landmarks,
etc.), as well as objects resembling the human body or an anatomical portion thereof.
For embodiments in which one or more infrared cameras (e.g., forward looking infrared
(FLIR) cameras) or other thermal imaging sensors are employed, the image processing
unit 135 may leverage one or more image processing techniques for recognizing heat
signatures of the human body, as well as the heat signatures of creatures and

inanimate objects.

[0071] In some embodiments, one or more machine learning techniques may be
leveraged so as to enable the image processing unit 135 to recognize image patterns
that correlate with various scenarios, including scenarios in which at least a portion of
the portable device component B 110 is positioned proximate to non-human objects
and scenarios in which at least a portion of the portable device component B 110 is
positioned proximate to human objects, with enhanced accuracy. For example, the
image processing unit 135 may maintain or otherwise have access to one or more
probabilistic statistical models (e.g., logistic regression models, Hidden Markov models,
decision trees, artificial neural networks, Bayesian networks, combinations thereof, etc.)
having been pre-trained using some prior images that show the portable device
component B 110 or similar device positioned proximate to both non-human and human
objects. Once pre-trained, the one or more probabilistic statistical models may be

further updated based on data obtained at runtime, so as to enable the image
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processing unit 135 to “tweak” or otherwise fine-tune its image recognition capabilities

based on the usage and/or environment of the system.

[0072] Additionally, portable device component B (e.g., a transmitting device) 110 is
shown to include a baseband processor 150. The baseband processor 150 includes an
RF transmit controller 155 and a transmit power reduction for SAR look-up table (LUT)
160. The RF transmit controller 155 and the transmit power reduction for SAR LUT 160
are used for adjusting the transmitter output power. More specifically, SAR LUT 160
may be informative as to the SAR threshold output power (Psarmax) value associated
with different human-to-antenna distances (e.g., as may be measured by proximity
sensor 125 and/or secondary sensor 126), device orientations (e.g., as may also be
measured by proximity sensor 125 and/or secondary sensor 126), use cases (e.g.,
scenarios in which the portable device component B 110 is pressed against different
portions of a user’s body, scenarios in which the portable device component B 110 is
resting on a table or other surface displaced from a user, etc.), and various
permutations thereof. More specifically, the SAR LUT 160 may reflect the SAR
threshold output power (Psarmax) values associated with each of a variety of different
scenarios in which the portable device component B (e.g., a transmitting device) 110 is
hypothetically capable of being out of compliance with SAR if the transmit antenna 120
was to transmit RF signals at maximum transmitter power (Puax) (i.€., the maximum RF
transmission power that the portable device component B 110 is physically capable of
achieving). The SAR LUT 160 may reflect the results of product testing and/or one or
more models developed based on the specific characteristics of the portable device

component B (e.g., a transmitting device) 110 and/or the portable device component A
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(e.g., a user device) 105. In some examples, the SAR LUT 160 may be dynamically
adjusted over time to incorporate measurements and other data obtained by the

portable device component B 110 throughout the course of operation.

[0073] The SAR threshold output power (Psarmax) values reflected in the SAR LUT
160 may serve as criteria against which the transmitter output power (P1x) (i.e., the RF
transmission power at any given time) and/or maximum transmitter power (Puax) (i.e.,
the maximum RF transmission power that the portable device component B 110 is
capable of achieving) may be evaluated, and may also reflect the maximum SAR-
compliant levels of power at which the transmit antenna 120 may transmit RF signals.
As such, by evaluating sensor data (e.g., data output by the proximity sensor 125
and/or the secondary sensor 126) against the SAR LUT 160 (or some other model that
effectively maps different scenarios (e.g., involving the transmit antenna 120 and one or
more objects external to the portable device component B 110) to SAR threshold output
power (Psarmax) values), the portable device component B 110 may be able to detect
occurrences of events in which it is hypothetically capable of being SAR non-compliant.
By also evaluating the current transmitter output power (P1x) (i.e., the RF transmission
power at any given time) against an SAR threshold output power (Psarmax) Vvalue
associated with such a detected event, the portable device component B 110 may
further determine whether further action may need to be taken. The portable device
component B (e.g., a transmitting device) 110 is also shown to include an RF power
amplifier 160. The baseband processor 150 sends a signal(s) to the RF power
amplifier 160 to adjust the amount of amplification of the transmitted signal and,

thereby, adjusts the transmitter output power.
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[0074] During operation of the disclosed system, the baseband processor 150 first
determines whether the transmit antenna 120 is active (i.e., whether the transmit
antenna 120 transmitting a signal(s)). If the baseband processor 150 determines that
the transmit antenna 120 is not active, then the baseband processor 150 will not adjust

the transmitter output power (P1x) (i.e., the transmitter output power is not limited).

[0075] However, if the baseband processor 150 determines that the transmit antenna
120 is active, then the proximity sensor 125, and in some embodiments the secondary
sensor 126, sense whether an object (not shown) is proximate to the portable device
component B (e.g., a transmitting device) 110. Specifically, the proximity sensor 125
and the secondary sensor 126 sense whether an object (not shown) is proximate to the
transmit antenna(s) 120. Proximity may be defined to range from a few centimeters, to
a few millimeters, or to actual touching of the portable device component B (e.g., a
transmitting device) 110 to the object. In some embodiments, the proximity sensor 125
and/or the secondary sensor 126 serve to measure the distance between the transmit
antenna(s) 120 and such an object. Furthermore, in some examples, the proximity
sensor 125 and/or the secondary sensor 126 may serve to monitor the orientation of the
portable device component B 110. Such distance measurements and orientation data
may, for example, be informative as to a specific use case of the portable device
component B 110. As mentioned above with reference to the SAR LUT 160, distance,
orientation, and/or use case data can be indicative of the SAR threshold output power
(Psarmax) value applicable to the portable device component B 110 at a given point in

time.
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[0076] If the sensor processing unit 140 determines that an object is not proximate to
the portable device component B (e.g., a transmitting device) 110, then the baseband

processor 150 will not adjust the Prx (i.e., the transmitter output power is not limited).

[0077] However, if the sensor processing unit 140 determines that an object is
proximate to the portable device component B (e.g., a transmitting device) 110, then the
baseband processor 150 determines whether the Prx is greater than a SAR threshold
output power (Psarmax). As mentioned above, the SAR threshold output power
(Psarmax) value to which Prx is compared may effectively be a function of device-to-
human distance, device orientation, and/or use case. As such, the SAR threshold
output power (Psarmax) value to which Ptx is compared may be selected from the SAR
LUT 160 or otherwise determined using data indicated in the SAR LUT 160 when the
sensor processing unit 140 determines that an object is proximate to the portable device
component B (e.g., a transmitting device) 110. It follows that data obtained from the
proximity sensor 125 and/or the secondary sensor 126 may be leveraged in the
identification of the SAR threshold output power (Psarmax) value in the SAR LUT 160 or
other process for determining the SAR threshold output power (Psarmax) value that is

currently applicable.

[0078] If the baseband processor 150 determines that the Ptx is not greater than
Psarmax, then the processor 130 determines whether a human body proximity flag has
been set. If the processor 130 determines that a human body proximity flag has not
been set, then the baseband processor 150 will not adjust the P1x (i.e., the transmitter

output power is not limited).
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[0079] However, if the baseband processor 150 determines that the P1x is greater
than Pgsarmax, then performance of the operation of the system is delayed by a
predetermined amount of time (e.g., a predetermined number of seconds). Then, the
processor 130 obtains an image from the image sensing system (e.g., a camera(s)) 170.
After obtaining the image, the processor 130 clears the human proximity flag. Then, the
image processing unit 135 analyzes the image to determine whether the portable device
component B (e.g., a transmitting device) 110 is within a field of view (FOV) of the image
sensing system 170. If the image processing unit 135 determines that the portable
device component B (e.g., a transmitting device) 110 is not within a FOV of the image
sensing system 170, then the baseband processor 150 adjusts the Pyx to be less than or

equal to PSARMAX-

[0080] However, if the image processing unit 135 determines that the portable device
component B (e.g., a transmitting device) 110 is within a FOV of the image sensing
system 170, then the image processing unit 135 analyzes the image to determine
whether it can be confirmed that the portable device component B (e.g., a transmitting
device) 110 is not proximate to a human body (e.g., as a result of the proximity sensor
125 having detected something other than a human proximate to the transmit
antenna(s) 120). For example, the image processing unit 135 may effectively confirm
that the portable device component B (e.g., a transmitting device) 110 is not located
proximate to a human body by identifying a non-human object in the image(s) (e.g.,
through application of one or more image recognition techniques) as being proximate
the portable device component B 110 in a position most readily detectable by the

proximity sensor 125, identifying a human body at least partially shown in the image(s)
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as being positioned in a location not readily detectable by the proximity sensor 125,
and/or identifying a human body at least partially shown in the image(s) as being
positioned an adequate distance from the portable device component B 110. If the
image processing unit 135 determines that the portable device component B (e.g., a
transmitting device) 110 is indeed not proximate to a human body, then the baseband

processor 150 will not adjust the Prx (i.e., the transmitter output power is not limited).

[0081] However, if the image processing unit 135 is unable to confirm that the portable
device component B (e.g., a transmitting device) 110 is not proximate to a human body
and/or if the image processing unit 135 determines that the portable device component
B is proximate to a human body, then the baseband processor 150 adjusts the Px to be
less than or equal to Psarmax. Reducing Prx in the case where the image processing
unit 135 is unable to confirm that the portable device component B (e.g., a transmitting
device) 110 is not proximate to a human body minimizes the possibility of exposing
proximate human bodies to RF energy. Then, the operation of the disclosed system

simply repeats.

[0082] In some embodiments, the disclosed system may function as at least part of an
augmented reality system. FIG. 1B shows an augmented reality system 100B that is
operable to render virtual content (e.g., virtual objects, virtual tools, and other virtual
constructs, for instance applications, features, characters, text, digits, and other
symbols) in a field of view of a user. The augmented reality system 100B also includes
portable device components 105 and 110, which in this example take the form of a user
device and a transmitting device, respectively. More specifically, the user device 105

(i.e., headset) of the augmented reality system 100B may include optical components

27



WO 2018/112430 PCT/US2017/066855

(e.g., a frame structure coupled to display system positioned in front of the eyes of the
user) that deliver virtual content to the eyes of the user, and the transmitting device 110
of the augmented reality system 100B may include other essential components (e.g.,
processing components, power components, memory, etc.) that perform a multitude of

processing tasks to present the relevant virtual content to the user.

[0083] The user device 105 may include user interface components, such as displays
for displaying virtual reality content to a user. The user interface components may also
include LED indicators, audio sources, haptic feedback devices such as vibration
devices, and the like. As mentioned above with reference to FIG. 1A, the user device
105 may also include an image sensing system 170 comprising one or more image
sensors. Such image sensors can include regular cameras, as well as thermographic
imaging sensors such as forward looking infrared (FLIR) cameras and other infrared
cameras. In some embodiments, the user device 105 may further include one or more
microphones, inertial measurement units, accelerometers, compasses, GPS units, radio

devices, and/or gyros.

[0084] The transmitting device 110 includes at least one proximity sensor 125
positioned at a surface of the physical housing structure of the transmitting device 110
adjacent to one or more antennas contained within the physical housing structure. As
mentioned above with reference to FIG. 1A, the at least one proximity sensor 125 may
be configured to determine an approximate distance from the at least one proximity
sensor 125 to external objects. In some examples, the at least one proximity sensor
125 may be arranged in a known geometry relative to one or more antennas of the

transmitting device 110, such that measurements taken by the at least one proximity
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sensor 125 may be informative as to the distance from one or more antennas to one or

more external objects.

[0085] The user device 105 and the transmitting device 110 may be operatively and/or
communicatively coupled by way of connection 115 (e.g., wired lead connection,
wireless connection, etc.). For example, the transmitting device 110 may be operably or
at least communicatively tethered to the user device 105 via one or more wires or optical
fibers in a cable with appropriate connectors, and may communicate according to any of
a variety of tethered protocols, such as USB®, USB2®, USB3®, Ethernet®,
Thunderbolt®, and Lightning® protocols. Alternatively or additionally, the transmitting
device 110 may be wirelessly communicatively coupled to the user device 105. For
example, the transmitting device 110 and the user device 105 may each include a
transmitter, receiver or transceiver (collectively radio) and associated antenna to
establish wireless communication there between according to any of the variety of
wireless communications protocols described above with reference to the
communications conducted by the portable device component B 110 using the transmit
antenna(s) 120. In some embodiments, the portable device component B 110 may
leverage one or more of components 120, 150, 155, 160, and 165 to communicate with

the portable device component A 105.

[0086] Beyond being operatively and/or communicatively coupled in this manner, the
user device 105 and the transmitting device 110 can be seen as being physically
separate and/or displaced components of the augmented reality system 100B. As such,
the user device 105 and the transmitting device 110 may be positioned in different

locations. For example, the user device 105 may be worn on the head of user, while the
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transmitting device 110 may be removably attached to the hip of the user in a belt-
coupling style configuration. In other examples, the transmitting device 110 may be
removably attached to another portion of the body of the user, removably attached to or
located within a garment or other accessory worn by the user, or positioned in another

location within the environment of the user.

[0087] FIG. 2 is a diagram showing a flow chart for the disclosed method 200 for
determining the proximity of transmitter antennas of portable devices to a human body
for limiting transmitter output power (Prx) to meet SAR requirements, in accordance with
at least one embodiment of the present disclosure. One or more of the operations of
method 200 described below may, for instance, be performed by processor 130 and/or
baseband processor 150 of the portable device component B 110, as described above
with reference to FIGS. 1A and 1B. In some examples, one or more of the operations of
method 200 described below may be performed by one or more other computing
devices communicatively coupled to the portable device component B 110 of FIGS. 1A

and 1B.

[0088] At the start (205) of the method 200, is it determined whether an RF transmit
antenna of a transmitting device is active (i.e., transmitting) (210). If it is determined that
the RF transmit antenna is not active (215), then the Ptx is not adjusted (i.e., the
transmitter output power is not limited) (290). Then, the method proceeds back to the

start (205).

[0089] However, if it is determined that the RF transmit antenna is active, then a

proximity sensor, and in some embodiments a secondary sensor, communicatively
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coupled to the transmitting device senses whether an object is proximate to the
transmitting device (220). If the proximity sensor, and in some embodiments the
secondary sensor, determines that an object is not proximate to the transmitting device,
then the P1x is not adjusted (i.e., the transmitter output power is not limited) (225).

Then, the method proceeds back to the start (205).

[0090] However, if the proximity sensor determines that an object is proximate to the
transmitting device, then it is determined whether the Prx is greater than a SAR
threshold output power (Psarmax) (230). The SAR threshold output power (Psarmax) may
be determined at this juncture by accessing a look-up table, such as SAR LUT 160 as
described above with reference to FIG. 1A. If it is determined that the P1x is not greater
than Psarmax, then it is determined whether a human body proximity flag has been set
(235). If it is determined that a human body proximity flag has not been set (240), then
the Prx is not adjusted (i.e., the transmitter output power is not limited) (290). Then, the

method proceeds back to the start (205).

[0091] However, if is determined that a human body proximity flag has been set (i.e.,
the P1x was determined to be greater than Psarmax In @ previous iteration of method
200), then performance of the method 200 is delayed by a predetermined amount of
time (245). The purpose of the delay of time is to ensure that the device's processing
system is not burdened with frequent requests for image recognition in cases when the
human body proximity flag is set (i.e., a human body has been detected and the
transmitter output power is limited to Psarmax). After the human body proximity flag is
set, during any subsequent polling in which proximity to "an object" is detected, the

request to the image sensing system is delayed to save processing power. Since the
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transmitter output power is limited to be less than or equal to Psarmax, there is no risk of
exceeding the SAR exposure limit in this scenario. Instead, the removal of the limit on
the transmitter output power to be less than or equal to Psarmax is delayed in case the

proximate object is not a human body.

[0092] The amount of delay of time to be added can be decided based on a number of
factors including, but not limited to, signal conditions (fluctuations in signal quality), static
or mobile user (whether the RF transmitter is in motion or is stationary), battery life
(whether we need to preserve the battery when it is running low), and processor task
priority (whether other high priority tasks are running). The delay of time can vary from a
milliseconds range in highly dynamic signal condition environments, to a few seconds,
or tens of seconds in other scenarios. The delay period may be predetermined, or may
be adaptively determined in real-time depending on whether a potential SAR compliance
issue has been detected and/or the severity of the issue. One of skill in the art will

appreciate many variations of the listed delays.

[0093] After performance of the method 200 is delayed by a predetermined amount of
time, an image is obtained from an image sensing system (e.g., a camera) (250). After
obtaining the image, the human proximity flag is cleared (255). Then, the image is
analyzed to determine whether the transmitting device is within a field of view (FOV) of
the image sensing system (260). If it is determined that the transmitting device is not
within a FOV of the image sensing system (e.g., the transmitting device is not
recognized as being shown in the image), then the P1x of the antenna is adjusted to be

less than or equal to Psarmax (265, 285). In doing so, the method 200 errs on the side of
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protection regarding SAR exposure to a human. Then, the method proceeds back to the

start (205).

[0094] However, if the transmitting device is detected within a FOV of the image
sensing system (e.g., the transmitting device is identified as being shown in the image
by way of one or more image recognition techniques), then the image is analyzed to
determine whether it can be confirmed that the transmitting device is not proximate to a
human body (270). If it is confirmed that the transmitting device is not proximate to a
human body (275), then the P1x is not adjusted (i.e., the transmitter output power is not
limited) (290). Then, the method proceeds back to the start (205). Requiring
confirmation that the transmitting device is not proximate to a human body before
operating with an unadjusted Prx maximizes safety by avoiding exposure of human

bodies to RF energy.

[0095] However, if it cannot be confirmed that the transmitting device is not proximate
to a human body, then the human body proximity flag is set (280). After the human
body proximity flag is set, the Prx of the antenna is adjusted to be less than or equal to

Psarmax (285). Then, the method proceeds back to the start (205).

[0096] In another embodiment, the system can provide user feedback (e.g., through a
headset 105, as shown in Fig. 1B) to request the user to reposition themselves relative
to the transmitting device 110 (see e.g., Fig. 1B) to allow the system to operate at higher
Prx. The user feedback may be in the form of a visual or audio notification, prompt, etc.
suggesting that the user reposition themselves (e.g., “Please move away from the

transmitting device to improve signal quality.”) In another example, haptic/tactile
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feedback may be provided by way of a peripheral device (e.g., a totem 330 as shown in
Figs. 5 and 6). In yet another example, one or more user interface components (e.g.,
speaker, LEDs, etc.) housed within the transmitting device 110 may be activated. Such
an embodiment may be particularly useful in situations where the system is operating
with a particularly weak WI-FI® or cellular connection, but the transmitting device 110 is
positioned too close to the user's body for the system to be able to operate at the

necessary transmit powers to maintain adequate communication.

[0097] It should be appreciated that the specific steps illustrated in FIG. 2 provide a
particular method for determining the proximity of transmitter antennas of portable
devices to a human body for limiting transmitter output power (P1x) to meet SAR
requirements.  Other sequences of steps may also be performed according to
alternative embodiments. For example, alternative embodiments may perform the steps
outlined above in a different order. Moreover, the individual steps illustrated in FIG. 2
may include multiple sub-steps that may be performed in various sequences as
appropriate to the individual step. Furthermore, additional steps may be added or
removed depending on the particular applications. Examples of such steps may include
one or more operations and/or sub-operations described above as being executable by
one or more system components described above with reference to FIGS. 1A and 1B.
One of ordinary skill in the art would recognize many variations, modifications, and

alternatives.

[0098] For example, in some implementations, method 200 may be seen as
representing a process of (i) obtaining output data from at least one sensor of a

transmitting device (see e.g., operations of method 200 at 220), (ii) determining whether
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the sensor data indicates that the transmitting device is positioned relative to one or
more objects located in the environment of the transmitting device in a manner such
that, under current operating parameters of at least one antenna of the transmitting
device, (iii) the one or more objects are subject to being exposed to levels of RF energy
that exceed one or more thresholds (see e.g., operations of method 200 at 220, 225,
and/or 230), (iv) obtaining one or more images from at least one camera in response to
determining that the sensor data indicates that the one or more objects are subject to
being exposed to levels of RF energy that exceed one or more thresholds (see e.g.,
operations of method 200 at 250), (v) processing the one or more images to determine
whether the one or more images serve to confirm that none of the one or more objects
are biologically human (see e.g., operations of method 200 at 260, 265, 270, and/or
275), (vi) determining a maximum level of power at which the at least one antenna is to
transmit RF signals based on the processing (see e.g., operations of method 200 at 285
or 290), and (vii) controlling the at least one antenna to transmit RF signals at levels of
power less than or equal to the determined maximum level of power (see e.g.,
operations of method 200 at 285 or 290). In some embodiments, such operations may
be executed in a computing system. The computing system may include a physical
housing structure and multiple electronic hardware components, at least a portion of
which are contained within or attached to the physical housing structure. For example,
the multiple hardware components may include at least one RF antenna, at least one
sensor configured to monitor one or more conditions of the at least one antenna relative
to an environment of the physical housing structure, at least one camera, and at least

one processor. The at least one processor may, for instance, be communicatively
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coupled to the at least one antenna, the at least one sensor, and the at least one
camera. As such, in some examples, the at least one processor may execute some or

all of operations (i) through (vii) described above.

[0099] FIG. 3 is a diagram 300 showing the disclosed system for determining the
proximity of transmitter antennas of portable devices to a human body for limiting
transmitter output power (P1x) to meet SAR requirements, where the portable device
(e.g., a transmitting device) 110 is not located on a human body, in accordance with at
least one embodiment of the present disclosure. In this figure, a user 310 is shown to
be wearing a portable device component A (e.g., a user device) 105, which is in the form
of a head-mounted display device; and a portable device component B (e.g., a

transmitting device) 110 is shown to be on a table 320.

[00100] In the example of this figure, the portable device component B (e.g., a
transmitting device) 110 determines that the portable device component B (e.g., a
transmitting device) 110 is within a field of view (FOV) of the portable device component
A (e.g., a user device) 105. Then, the portable device component B (e.g., a transmitting
device) 110 determines that the portable device component B (e.g., a transmitting
device) 110 is not proximate to a human body (i.e., the portable device component B
(e.g., a transmitting device) 110 is proximate a table 320 instead). As such, the portable
device component B (e.g., a transmitting device) 110 will not adjust the Pyx (i.e., the

transmitter output power will not be limited).

[00101] FIG. 4 is a diagram 400 showing the disclosed system for determining the

proximity of transmitter antennas of portable devices to a human body for limiting
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transmitter output power (P1x) to meet SAR requirements, where the portable device
(e.g., a transmitting device 110) is located on a human body, in accordance with at least
one embodiment of the present disclosure. In this figure, a user 310 is shown to be
wearing a portable device component A (e.g., a user device) 105, which is in the form of
a head-mounted display device; and a portable device component B (e.g., a transmitting

device) 110 is shown to be on the user’s 310 lap.

[00102] In the example of this figure, the portable device component B (e.g., a
transmitting device) 110 determines that the portable device component B (e.g., a
transmitting device) 110 is within a field of view (FOV) of the portable device component
A (e.g., a user device) 105. Then, the portable device component B (e.g., a transmitting
device) 110 determines that the portable device component B (e.g., a transmitting
device) 110 is proximate to a human body (i.e., the portable device component B (e.g., a
transmitting device) 110 is proximate the user 310). As such, the portable device

component B (e.g., a transmitting device) 110 will adjust the P1x to be less than or equal

to Psarmax.

[00103] FIG. 5 depicts the disclosed system for determining the proximity of transmitter
antennas of portable devices to a human body for limiting transmitter output power (Px)
to meet SAR requirements, where the portable device (e.g., a transmitting device) 110 is
not located on a human body, in accordance with at least one embodiment of the
present disclosure. In this figure, a user 310 is shown to be wearing a portable device
component A (e.g., a user device) 105, which is in the form of a head-mounted display
device (e.g., headset); and a portable device component B (e.g., a transmitting device)

110 is shown to be on a table 320.
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[00104] In the example of this figure, the portable device component B (e.g., a
transmitting device) 110 determines that the portable device component B (e.g., a
transmitting device) 110 is within a field of view (FOV) of the portable device component
A (e.g., a user device) 105. Then, the portable device component B (e.g., a transmitting
device) 110 determines that the portable device component B (e.g., a transmitting
device) 110 is not proximate to a human body. The portable device component B (e.g.,
a transmitting device) 110 determines that the portable device component B (e.g., a
transmitting device) 110 is instead proximate to a soda can (i.e., not a human body).
Having confirmed that the portable device component B (e.g., a transmitting device) 110
is not proximate a human body, the portable device component B (e.g., a transmitting
device) 110 will not adjust the Prx (i.e., the transmitter output power will not be limited)
(see e.g., 270 and 275 in Fig. 2). In some embodiments, the imaging sensor used to
acquire an image for recognizing objects proximate the portable device component B

(e.g., a transmitting device) 110 may be part of a totem controller 330 in the system.

[00105] FIG. 6 depicts the disclosed system for determining the proximity of transmitter
antennas of portable devices to a human body for limiting transmitter output power (Px)
to meet SAR requirements, where the portable device (e.g., a transmitting device) 110 is
located adjacent a human body, in accordance with at least one embodiment of the
present disclosure. In this figure, a user 310 is shown to be wearing a portable device
component A (e.g., a user device) 105, which is in the form of a head-mounted display
device (e.g., headset); and a portable device component B (e.g., a transmitting device)

110 is shown to be on a table 320.
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[00106] In the example of this figure, the portable device component B (e.g., a
transmitting device) 110 determines that the portable device component B (e.g., a
transmitting device) 110 is proximate an object. However, the portable device
component B (e.g., a transmitting device) 110 is unable to identify the portable device
component B (e.g., a transmitting device) 110 in one or more images captured by an
imaging sensor of user device 105. Consequently, the Pty is adjusted to be less than
Psarmax (see e.g., 270, 280, and 285 in Fig. 2). In this particular embodiment, the
portable device component B (e.g., a transmitting device) 110 is adjacent the user 310,

and reducing Prx protected the user from exposure to RF energy.

[00107] Although primarily described within the context of augmented reality, mixed
reality, and virtual reality systems, it is to be understood that the systems and
techniques described herein may be applied in systems that are leveraged in other
settings, involve other types of devices, execute other types of operations, or a
combination thereof. For example, the techniques described herein may be applied in
systems and scenarios involving smartphones, smart vehicles, tablets, laptops,
smartwatches, smart garments / textiles and other wearable devices, dongles, desktop
computers, appliances, and the like. In some embodiments, one or more of the systems
and techniques described herein may be applied in a particular computing system to
detect, identify, and/or address potential SAR compliance issues that arise in one or
more devices that are external to the particular computing system. For instance, one or
more of the systems and techniques described herein may be applied in a mobile

computing device so as to enable the mobile computing device to facilitate the detection,
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identification, and/or remediation of potential SAR compliance issues that may arise in a

nearby smart appliance equipped with wireless communication capabilities.

[00108] FIG. 7 is a block diagram 700 of components of a computing apparatus or
system in which various embodiments may be implemented or that may be utilized to
execute embodiments. FIG. 7 generally illustrates components of a computing device
700 (e.g., the portable device component A (e.g., a user device) 105 and/or the portable
device component B (e.g., a transmitting device) 110 of FIGS. 1A or 1B) that may be
utilized to execute embodiments and that includes a memory 710, a program (e.g., an
image processing program, a proximity sensor processing program, and/or a transmitter
output power adjustment program) 712, a processor or controller (e.g., processing
componentry of the portable device component A 105, the processor 130, and/or the
baseband processor 150 of FIG. 1A) 720 to execute the program 712, a database 750
for storing data (e.g., an image(s), proximity sensor data, and/or the transmit power
reduction for SAR LUT 160 of FIG. 1A) a network interface 730 (e.g., the baseband
processor 150, RF transmit controller 155, RF power amplifier 165, transmit antenna(s)
120 of FIG. 1A, and/or other hardware for communications with a network or
interconnect 740 between such components). The memory 710 may be or include one
or more of cache, RAM, ROM, SRAM, DRAM, RDRAM, EEPROM and other types of
volatile or non-volatile memory capable of storing data. The processor unit 720 may be
or include multiple processors, a single threaded processor, a multi-threaded processor,
a multi-core processor, or other type of processor capable of processing data.
Depending on the particular system component (e.g., whether the component is a

computer or a hand held mobile communications device), the interconnect 740 may
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include a system bus, LDT, PCI, ISA, or other types of buses, and the communications
or network interface may, for example, be an Ethernet interface, a Frame Relay
interface, or other interface. The network interface 730 may be configured to enable a
system component to communicate with other system components across a network
that may be a wireless or various other networks, such as one or more of those
described above with reference to FIGS. 1A and 1B. It should be noted that one or
more components of computing device 700 may be located remotely and accessed via a
network. Accordingly, the system configuration provided in FIG. 7 is provided to

generally illustrate how embodiments may be configured and implemented.

[00109] Method embodiments may also be embodied in, or readable from, a computer-
readable medium or carrier, e.g., one or more of the fixed and/or removable data
storage data devices and/or data communications devices connected to a computer.
Carriers may be, for example, magnetic storage medium, optical storage medium and
magneto-optical storage medium. Examples of carriers include, but are not limited to, a
floppy diskette, a memory stick or a flash drive, CD-R, CD-RW, CD-ROM, DVD-R, DVD-
RW, or other carrier now known or later developed capable of storing data. The
processor 720 executes program instructions 712 within memory 710 and/or embodied
on the carrier to implement method embodiments. Further, embodiments may reside
and/or execute on a mobile communication device such as a cellular telephone or

Smartphone.

[00110] Although particular embodiments have been shown and described, it should be
understood that the above discussion is not intended to limit the scope of these

embodiments. While embodiments and variations of the many aspects have been
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disclosed and described herein, such disclosure is provided for purposes of explanation
and illustration only. Thus, various changes and modifications may be made without

departing from the scope of the claims.

[00111] As a further example, embodiments may involve an image processing program
or algorithm, a proximity sensor processing program or algorithm, and/or a transmitter
output power adjustment program or algorithm that may each be a stand alone
application, which may contain one or more programs, or that is a part of another
system or program.

[00112] Where methods described above indicate certain events occurring in certain
order, those of ordinary skill in the art having the benefit of this disclosure would
recognize that the ordering may be modified and that such modifications are in
accordance with the variations of the present disclosure. Additionally, parts of methods
may be performed concurrently in a parallel process when possible, as well as
performed sequentially. In addition, more parts or less part of the methods may be
performed.

[00113] Accordingly, embodiments are intended to exemplify alternatives,

modifications, and equivalents that may fall within the scope of the claims.

[00114] Although certain illustrative embodiments and methods have been disclosed
herein, it can be apparent from the foregoing disclosure to those skilled in the art that
variations and modifications of such embodiments and methods can be made without
departing from the true spirit and scope of the art disclosed. Many other examples of

the art disclosed exist, each differing from others in matters of detail only. Accordingly, it
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is intended that the art disclosed shall be limited only to the extent required by the

appended claims and the rules and principles of applicable law.
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WE CLAIM:

1. A method for adjusting transmitter output power (Prtx), the method

comprising:

sensing, by a proximity sensor communicatively coupled to a transmitting device,

whether an object is proximate to the transmitting device;

analyzing an image from a camera to determine whether the transmitting device
is proximate to a portion of a human body, when the proximity sensor senses the object

proximate to the transmitting device; and

adjusting the P1x of an antenna operatively coupled to the transmitting device to
be less than or equal to a specific absorption rate (SAR) threshold output power
(Psarmax), when it is determined that the transmitting device is proximate to the portion
of the human body or when it cannot be determined whether the transmitting device is

proximate to a portion of a human body.

2. A method for adjusting transmitter output power (Prtx), the method

comprising:

sensing, by a proximity sensor communicatively coupled to a transmitting device,

an object proximate to the transmitting device;
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determining whether the P1x of an antenna operatively coupled to the
transmitting device is greater than a specific absorption rate (SAR) threshold output
power (Psarmax), When the proximity sensor senses the object proximate to the

transmitting device;

obtaining an image from a camera;

analyzing the image to determine whether the transmitting device is proximate to
a portion of a human body, when it is determined that the P1x of the antenna is greater

than the PSARMAX; and

adjusting the Prx of the antenna to be less than or equal to Psarmax, When it is
determined that the transmitting device is proximate to the portion of the human body or
when it cannot be determined whether the transmitting device is proximate to a portion

of a human body.

3. The method of claim 2, further comprising determining whether the

antenna is transmitting.

4. The method of claim 2, further comprising not adjusting the Ptx of the
antenna, when the proximity sensor does not sense the object proximate to the

transmitting device.
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. The method of claim 2, further comprising determining whether a human
body proximity flag has been set, when it is determined that the Ptx of the antenna is

not greater than the Psarmax.

6. The method of claim 5, further comprising delaying performance of the
method by a predetermined amount of time, when it is determined that the human body

proximity flag has been set.

7. The method of claim 5, further comprising not adjusting the Ptx of the

antenna, when it is determined that the human body proximity flag has not been set.

8. The method of claim 2, further comprising clearing a human body

proximity flag, after the obtaining of the image.

9. The method of claim 2, further comprising determining whether the

transmitting device is within a field of view (FOV) of the camera by analyzing the image.
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10.  The method of claim 9, further comprising adjusting the Prx of the antenna
to be less than or equal to Psarmax, when it is determined that the transmitting device is

not within the FOV of the camera.

11.  The method of claim 2, further comprising not adjusting the Prx of the
antenna, when it is determined that the transmitting device is not proximate to the

portion of the human body.

12. The method of claim 2, further comprising setting a human body proximity
flag, when it is determined that the transmitting device is proximate to the portion of the
human body or when it cannot be determined whether the transmitting device is

proximate to a portion of a human body.

13.  The method of claim 2, wherein the proximity sensor is one of an optical

sensor, a capacitive touch sensor, or a mechanical button sensor.

14. The method of claim 2, wherein the antenna is one of internal or external

to the transmitting device.
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15. The method of claim 2, wherein the antenna is transmitting a radio

frequency (RF) signal.

16. The method of claim 2, wherein the camera is operatively coupled to a

user device.

17. The method of claim 16, wherein the user device is a head-mounted

display.
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18. A system for adjusting transmitter output power (P1x), the system

comprising:

a transmitting device;

an antenna operatively coupled to the transmitting device;

a proximity sensor, communicatively coupled to the transmitting device, to sense

an object proximate to the transmitting device;

a camera to obtain an image; and

a processor to determine whether the Prx of the antenna is greater than a
specific absorption rate (SAR) threshold output power (Psarmax) when the proximity
sensor senses the object proximate to the transmitting device, to analyze the image to
determine whether the transmitting device is proximate to a portion of a human body
when it is determined that the Prx of the antenna is greater than the Pgarmax, and to
adjust the P1x of the antenna to be less than or equal to Psarmax When it is determined
that the transmitting device is proximate to the portion of the human body or when it
cannot be determined whether the transmitting device is proximate to a portion of a

human body.

19. The system of claim 18, wherein the processor determines whether the

antenna is transmitting.
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20.  The system of claim 18, wherein the processor does not adjust the Pyx of
the antenna, when the proximity sensor does not sense the object proximate to the

transmitting device.

21. The system of clam 18, wherein the processor determines whether a
human body proximity flag has been set, when the processor determines that the Py of

the antenna is not greater than the Psarmax.

22. The system of claim 21, wherein performance of the processor is delayed
by a predetermined amount of time, when the processor determines that the human

body proximity flag has been set.

23. The system of claim 21, wherein the processor does not adjust the Pyx of
the antenna, when the processor determines that the human body proximity flag has not

been set.

24. The system of claim 18, wherein the processor clears a human body

proximity flag, after the camera obtains the image.
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25. The system of claim 18, wherein the processor determines whether the

transmitting device is within a field of view (FOV) of the camera by analyzing the image.

26. The system of claim 25, wherein the processor adjusts the Pyx of the
antenna to be less than or equal to Psarmax, When the processor determines that the

transmitting device is not within the FOV of the camera.

27. The system of claim 18, wherein the processor does not adjust the Pyx of
the antenna, when the processor determines that the transmitting device is not

proximate to the portion of the human body.

28. The system of claim 18, wherein the processor sets a human body
proximity flag, when the processor determines that the transmitting device is proximate
to the portion of the human body or when it cannot be determined whether the

transmitting device is proximate to a portion of a human body.

29. The system of claim 18, wherein the proximity sensor is one of an optical

sensor, a capacitive touch sensor, or a mechanical button sensor.
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30. The system of claim 18, wherein the antenna is one of internal or external

to the transmitting device.

31.  The system of claim 18, wherein the antenna transmits a radio frequency

(RF) signal.

32. The system of claim 18, wherein the camera is operatively coupled to a

user device.

33. The system of claim 32, wherein the user device is a head-mounted

display.
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34. A computer-implemented method comprising:

obtaining output data from at least one sensor configured to monitor one or more
conditions of at least one radio frequency (RF) antenna of a computing device relative

to an environment of the computing device;

determining that output data obtained from the at least one sensor indicates that
the computing device is positioned relative to one or more objects located in the
environment of the computing device in a manner such that, under current operating
parameters of the at least one RF antenna, the one or more objects are subject to being

exposed to levels of RF energy that exceed one or more thresholds;

in response to determining that output data obtained from the at least one sensor
indicates that, under current operating parameters of the at least one RF antenna, the
one or more objects are subject to being exposed to levels of RF energy that exceed

one or more thresholds, obtaining one or more images from at least one camera;

processing the one or more images;

determining, based on processing the one or more images obtained from the at
least one camera, that the one or more images do not serve to confirm that none of the

one or more objects are biologically human; and

in response to determining that the one or more images do not serve to confirm
that none of the one or more objects are biologically human, adjusting a maximum level

of power at which the at least one antenna is to transmit RF signals.
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35.  The method of claim 34, wherein processing the one or more images

obtained from the at least one camera comprises:

performing one or more image recognition processes to identify specific objects

shown in the one or more images.

36. The method of claim 35, wherein determining that the one or more
images do not serve to confirm that none of the one or more objects are biologically

human comprises:

determining, based on processing the one or more images obtained from the at
least one camera, that the computing device is not identified as being shown in the one

or more images.

37. The method of claim 35, wherein determining that the one or more
images do not serve to confirm that none of the one or more objects are biologically

human comprises:

determining, based on processing the one or more images obtained from the at
least one camera, that at least one of the one or more objects is identified as being a

human body or portion thereof.
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38.  The method of claim 35, wherein determining that the one or more images
do not serve to confirm that none of the one or more objects are biologically human

comprises:

determining, based on processing the one or more images obtained from the at
least one camera, that at least one of the one or more objects is unidentifiable or is not

identified as being shown in the one or more images.

39. The method of claim 34, wherein the at least one sensor comprises a
proximity sensor configured to monitor a distance between the at least one antenna and

physical objects located in the environment of the computing device.
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40. The method of claim 39, wherein determining that output data obtained
from the at least one sensor indicates that the computing device is positioned relative to
one or more objects located in the environment of the computing device in a manner
such that, under current operating parameters of the at least one RF antenna, the one
or more objects are subject to being exposed to levels of RF energy that exceed one or

more thresholds comprises:

evaluating the output data obtained from the at least one sensor against a look-

up table; and

determining, based on the evaluation results, that the computing device is
positioned close enough to the one or more objects such that, under current operating
parameters of the at least one RF antenna, the one or more objects are subject to being

exposed to levels of RF energy that exceed one or more thresholds.

41.  The method of claim 39, wherein the at least one sensor further comprises
an orientation sensor configured to monitor an orientation of the computing device

relative to the environment of the computing device.
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42. A computing system comprising:

a physical housing structure;

a plurality of electronic hardware components, at least a portion of which are
contained within or attached to the physical housing structure, the plurality of electronic

hardware components comprising:

at least one antenna for transmitting radio frequency (RF) signals;

at least one sensor configured to monitor one or more conditions of the at

least one antenna relative to an environment of the physical housing structure;

at least one camera;

at least one processor communicatively coupled to the at least one
antenna, the at least one sensor, and the at least one camera, the at least one

processor configured to:

obtain output data from the at least one sensor;

determine whether output data obtained from the at least one
sensor indicates that the physical housing structure is positioned relative
to one or more objects located in the environment of the physical housing
structure in a manner such that, under current operating parameters of the
at least one antenna, the one or more objects are subject to being

exposed to levels of RF energy that exceed one or more thresholds;
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obtain one or more images from the at least one camera in
response to determining that output data obtained from the at least one
sensor indicates that, under current operating parameters of the at least
one antenna, the one or more objects are subject to being exposed to

levels of RF energy that exceed one or more thresholds;

process the one or more images obtained from the at least one
camera to determine whether the one or more images serve to confirm

that none of the one or more objects are biologically human;

determine a maximum level of power at which the at least one
antenna is to transmit RF signals based on determining whether the one
or more images serve to confirm that none of the one or more objects are

biologically human; and

control the at least one antenna to transmit RF signals at levels of

power less than or equal to the determined maximum level of power.

43. The computing system of claim 42, wherein the at least one processor
does not belong to the portion of the plurality of electronic hardware components that

are contained within or attached to the physical housing structure.
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44,  The computing system of claim 42, wherein the at least one camera does
not belong to the portion of the plurality of electronic hardware components that are

contained within or attached to the physical housing structure.

45.  The computing system of claim 44, wherein the at least one camera is
contained within or attached to a user device that is physically displaced from the

physical housing structure.

46. The computing system of claim 45, wherein the user device comprises a

headset.

47.  The computing system of claim 45, wherein the user device comprises a

handheld controller.

48. The computing system of claim 44, wherein the at least one sensor
configured to monitor one or more conditions of the at least one antenna relative to the
environment of the physical housing structure belongs to the portion of the plurality of
electronic hardware components that are contained within or attached to the physical

housing structure.
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49. The computing system of claim 42, wherein the plurality of electronic
hardware components further comprise at least one user interface component

communicatively coupled to the at least one processor.

50.  The computing system of claim 42, wherein the at least one processor is

further configured to:

provide one or more alerts for output through the at least one user interface
component in response to determining that the one or more images do not serve to

confirm that none of the one or more objects are biologically human.
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