
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date
4 June 2015 (04.06.2015)

WO 2015/080704 Al
P O P C T

(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
G06F 1/26 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(21) International Application Number: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

PCT/US20 13/072020 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(22) International Filing Date: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

26 November 2013 (26.1 1.2013) SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(25) Filing Language: English ZW.

(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every

(71) Applicant: HEWLETT-PACKARD DEVELOPMENT kind of regional protection available): ARIPO (BW, GH,

COMPANY, L.P. [US/US]; 11445 Compaq Center Drive GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

W., Houston, Texas 77070 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(72) Inventor: HARRIS, III, Otis Robert; 11445 Compaq EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Center Dr W, Houston, Texas 77070 (US). MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(74) Agents: HA, Miranda J. et al; Hewlett-Packard Com

KM, ML, MR, NE, SN, TD, TG).
pany, Intellectual Property Administration, 3404 E. Har
mony Road, Mail Stop 35, Fort Collins, Colorado 80528 Declarations under Rule 4.17 :
(US).

— as to the identity of the inventor (Rule 4.1 7(Ϊ))
(81) Designated States (unless otherwise indicated, for every — as to applicant's entitlement to apply for and be granted a

kind of national protection available): AE, AG, AL, AM, patent (Rule 4.1 7(H))
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

[Continued on nextpage]

(54) Title: REGULATING TRANSMIT POWER OF SIGNAL SOURCES

(57) Abstract: Example implementations relate to detecting
200 human presence in proximity of a user device. In example

implementations, a portion of a first signal may be provided
by a first directional coupler that is communicatively
coupled to an antenna. A portion of a second signal may be
provided by a second directional coupler that is communic -
atively coupled to a signal source. Transmit power of the
signal source may be regulated based on the signal portions

DIRECTIONAL provided by the first and second directional couplers.
COUPLER ADC

PROCESSOR
210
(

DIRECTIONAL
COUPLER ADC

SIGNAL
SOURCE

202

o
00 FIG. 2
©

o



WO 2015/080704 Al llll I I I I 11 III II

Published:



REGULATING TRANSMIT POWER OF SUGNAL SOURCES

BACKGROUND

[0001] Transmitters and antennas in electronic devices may facilitate

communications with other eiectronic devices. An antenna of an electronic device

may be electrically tuned to a specific frequency, and the input impedance of the

antenna may be matched to the output impedance of a transmitter of the

eiectronic device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The following detailed description references the drawings, wherein:

[0003] FIG 1 is a block diagram of an example system for detecting human

presence in proximity of a user device;

[0004] FIG. 2 is a block diagram of an example system for sampling voltages

and determining whether to decrease transmit power of a signal source of a user

device;

[0005] FIG. 3 is a block diagram of an example user device that includes a

machine-readable storage medium encoded with instructions that enable

detecting human presence in proximity of the user device;

[0006] FIG. 4 s a block diagram of an example user device that includes a

machine-readable storage medium encoded with instructions that enable

regulation of transmit power of a signal source of the user device based on a

difference between sampled voltage values;

[0007] FIG. 5 is a block diagram of an example user device that includes a

machine-readable storage medium encoded with instructions that enable

regulation of transmit power of a signal source of the user device based on a

voltage standing wave ratio;

[0008] FIG. 8 is a flowchart of an example method for detecting human

presence in proximity of a user device;

[0009] FIG. 7 is a flowchart of an example method for regulating transmit

power of a signal source of a user device based on a difference between

sampled voltage values; and



[0010] FIG. 8 is a flowchart of an example method for regulating transmit

power of a signal source of a user device based o a voltage standing wave ratio.

DETAILED DESCRIPTION

[001 1] The Federal Communications Commission (FCC), an agency of the

United States government, has set specific absorption rate (SAR) limits for

electronic devices used by humans in the United States. SAR is a measure of the

rate at which the human body absorbs energy. A users body may absorb energy

emitted y user devices such as mobile phones and tablet computing devices. As

used herein, the term "user device" refers to a device capable of receiving input

from a user and/or displaying information to a user. To comply with the FCC's

SAR limits, user devices may be designed with circuitry to regulate transmit

power of signal sources of the user devices. As used herein, the term "transmit

power" refers to the power level of a transmitted signal. As used herein, the term

"signal source" refers to a component that generates alternating current (AC)

and/or direct current (DC) signals.

[0012] in light of the above, the present disclosure enables regulation of

transmit power of a signal source of a user device based on whether human

presence is detected in proximity of the user device. When a human body s in

proximity to an antenna, the antenna may become detuned, which may result in

an impedance mismatch between the antenna and the signal source with which it

was matched. Also, power may be reflected back to the signal source from the

antenna. The amount of power reflected back to the signal source may be used

to detect human presence in proximity of the user device. Transmit power of the

signal source may be maintained or increased when human presence is not

detected, and may be decreased when human presence is detected. The

reduction in transmit power may allow the user device to comply with the FCC's

SAR limits.

[0013] Referring now to the drawings, FIG. 1 is a block diagram of an example

system 100 for detecting human presence in proximity of a user device.

System 100 may be a user device, such as a notebook computer, a desktop

computer, a workstation, a tablet computing device, a mobile phone, or an

electronic book reader. In FIG. 1, system 100 includes signal source 102,



directional coupler 104, directional coupler 114, antenna 1 2 , and processor 122.

As used herein, the terms "include", "have", and "comprise" are interchangeable

and should be understood to have the same meaning. In some implementations,

signal source 102 may include a radio transmitter chipset. In some

implementations, a matching network may be placed in the signal path between

signal source 102 and antenna 112 to facilitate impedance matching between

signal source 102 and antenna 12.

[0014] Directional coupler 104 may have a first port 108, a second port 108,

and a third port 10. Directional coupler 114 may have a first port 6 , a second

port 118, and a third port 120. As used herein, the term ''directional coupler' or

"couples-" refers to a device having a first port, a second port, and a third post

such that a majority portion (e.g., in terms of power) of a signal entering the

second port is provided at the first port, and the remaining portion is provided at

the third port; signals entering at the first or third ports may be provided at the

second post. First port 106 of directional coupler 104 may be communicatively

coupled to signal source 102. First port 118 of directional coupler 114 may be

communicatively coupled to antenna 112. Second port 108 of directional

coupler 104 may be communicatively coupled to second port 118 of directional

coupler 114. Third port 110 of directional coupler 104 and third port 120 of

directional coupler 4 may be communicatively coupled to processor 122, which

may also be communicatively coupled to signal source 102. A portion of a signal

passing from second post 108 of coupler 104 to first port 106 of coupler 104 may

be provided at third port 110 of coupler 104. A portion of a signal passing from

second port 1 8 of coupler 114 to first port 116 of coupler 114 may be provided

at third port 120 of coupler 114.

[0015] When a human is not in proximity to antenna 112, a negligible amount

of power radiated b the antenna may be reflected back to signal source 102

(e.g., the amount of reflected power ay be less than a tenth of the amount of

power transmitted from the signal source). When a human is in proximity to

antenna 112, the amount of power reflected back to signal source 102 may be

much greater than the amount of power reflected when a human is not in

proximity to antenna 112 (e.g., when a human is in proximity to the antenna, the



amount of reflected power may be more than half of the amount of power

transmitted from the signal source). The closer a human is to antenna 12, the

closer the amount of power reflected back to signal source 102 may be to the

power of a signal transmitted from signal source 102 to antenna 2 .

[0016] The signal strength of the signal portion provided at third port 110 of

coupler 104 may be directly proportional to how much power is reflected from

antenna 112 to signal source 102. The signal strength of the signal portion

provided at third port 120 of coupler 114 may be directly proportional to the

amount of power transmitted from signal source 102 to antenna 112.

Processor 22 may regulate transmit power of signal source 102 based on the

signal portions at third port 110 of coupler 104 and third port 120 of coupler 14.

For example, processor 122 may determine that the strength (e.g., in terms of

power, voltage, and/or current) of the signal portion at third port 110 of

coupler 104 is almost the same as that of the signal portion at third port 120 of

coupler 14, and may conclude from such conditions that a human is close to

antenna 112. Processor 122 may then reduce the transmit power of signal

source 102 such that system 100 complies with the FCC's SAR limits.

Processor 122 may include a central processing unit (CPU), microprocessor

(e.g., semiconductor-based microprocessor), and/or other hardware device

suitable for regulating transmit power of a signal source and analyzing signals

provided by directional couplers.

[0017] F G. 2 is a block diagram of an example system 200 for sampling

voltages and determining whether to decrease transmit power of a signal source

of a user device. System 200 may be a user device, such as a notebook

computer, a desktop computer, a workstation, a tablet computing device, a mobile

phone, or an electronic book reader in FIG. 2 , system 200 includes signal

source 202, directional coupler 204, directional coupier 214, antenna 212,

analog-to-digital converter (ADC) 224, ADC 226, and processor 222.

Processor 222 may include a CPU, microprocessor {e.g., semiconductor-based

microprocessor), and/or other hardware device suitable for regulating transmit

power of a signal source and analyzing signals provided by directional couplers.

Signal source 202, coupler 204, coupler 214, and antenna 212 of FIG. 2 may be



analogous to (e.g., have functions and/or components similar to) signal

source 102, coupler 104, coupler 114, and antenna 112, respectively, of FIG. 1.

Ports 206, 208, 210, 216, 218, and 220 of FIG. 2 may be analogous to ports 106,

108, 1 0 , 116, 118, and 120, respectively, of FIG. 1. In some implementations, a

matching network may be placed in the signal path between signal source 202

and antenna 212 to facilitate impedance matching between signal source 202

and antenna 212.

[0018] ADC 224 may be communicatively coupled to third port 210 of

directional coupler 204 and to processor 222. ADC 224 may sample voltage of a

signal portion at third port 210 of directional coupler 204. ADC 226 may be

communicatively coupled to third port 220 of directional coupler 214 and to

processor 222. ADC 226 may sample voltage of a signal portion at third port 220

of directional coupler 214. In some implementations, signal portions at third

post 2 of directional coupler 204 and at third port 220 of directional coupler 214

may be rectified, amplified, and/or filtered before being sampled by the ADCs.

For example, an amplifier may be placed between each third port and ADC in

FIG. 2 , and/or each ADC may have built-in rectification/ampiification/fiitering

capabilities.

[0019] The signal portions sampled by ADCs 224 and 228 may be sinusoidal

waves. ADCs 224 and 226 may sample the sinusoidal waves and convert them

to digital signals made up of binar values (i.e., logical 1's and 0 s).

Processor 222 may receive the digital signals and store them (e.g., in a cache) at

a predetermined rate (e.g., once a millisecond, every five milliseconds).

[0020] Processor 222 may store a first set of binar values, corresponding to

voltage samples of the signal portion at third port 220 of coupler 214, and a

second set of binary values, corresponding to voltage samples of the signal

portion at third port 210 of coupler 204. The equivalent decimal value of a set of

binary values may represent a sampled voltage value, and processor 222 may be

programmed to correlate various binary values to respective voltage values.

Processor 222 may correlate the first set of binary values to a forward voltage

value, and correlate the second set of binary values to a reverse voltage value.

The forward voltage value may be indicative of the amount of power in a signal



transmitted from signal source 202 to antenna 212. The reverse voltage value

ay be indicative of the amount of power reflected back from antenna 212 to

signal source 202.

[0021] Processor 222 may be communicatively coupled to signal source 202,

and may regulate transmit power of signal source 202. In some implementations,

processor 222 may regulate transmit power of signal source 202 based on the

difference between the forward voltage value and the reverse voltage value. For

example, processor 222 may decrease transmit power of signal source 202 if the

difference between the forward voltage value and the reverse voltage value is

less than a threshold value. A small difference (e.g., less than the threshold

value) between the forward and reverse voltage values may indicate human

presence near antenna 212, and thus the transmit power of signal source 202

may be decreased such that system 200 complies with the FCC's SAR limits.

Processor 222 may maintain or increase transmit power of signal source 202 f

the difference between the forward voltage value and the reverse voltage value is

greater than the threshold value. The difference being greater than the threshold

value may indicate absence of human presence near antenna 212, and thus the

transmit power of signal source 202 may be above the FCC's SAR limits.

[0022] in some implementations, processor 222 may calculate a voltage

standing wave ratio (VSWR) using the forward voltage value and the reverse

voltage value. The VSWR may be calculated by dividing the sum of the forward

and reverse voltage values by the difference between the forward and reverse

voltage values. Processor 222 may regulate transmit power of signal source 202

based on the value of the VSWR. For example, processor 222 may decrease

transmit power of signal source 202 if the VSWR exceeds a threshold value. The

VSWR may be large (e.g., greater than the threshold value) when the forward and

reverse voltage values are about the same, which may indicate human presence

near antenna 212, and thus the transmit power of signal source 202 may be

decreased such that system 200 complies with the FCC's SAR limits.

Processor 222 may maintain or increase transmit power of signal source 202 if

the VSWR does not exceed the threshold value. The VSWR being less than the

threshold value (e.g., because the toward voltage value is much greater than the



reverse vo age value) may indicate absence of human presence near

antenna 212, and thus the transmit power of signal source 202 may be above the

FCC's SAR limits.

[0023] It should be understood that discussions in the present disclosure

related to voltage sampling, operations performed using sampled voltages, and

actions performed based on such operations may be applicable to other aspects

of a signal, such as current and power. For example, ADCs 224 and 226 may-

sample current (rather than voltage) of signal portions at third ports 2 and 220.

Regulation of transmit power of signal source 202 may be based on a standing

wave ratio defined in terms of current or power.

[0024] FIG. 3 is a block diagram of an example user device 300 that includes

a machine-readable storage medium encoded with instructions that enable

detecting human presence in proximity of the user device. User device 300 may¬

be a notebook computer, a desktop computer, a workstation, a tablet computing

device, a mobile phone, or an electronic book reader. In FIG. 3 , user device 300

includes processor 302 and machine-readable storage medium 304.

[0025] Processor 302 may include a CPU, microprocessor (e.g.,

semiconductor-based microprocessor), and/or other hardware device suitable for

retrieval and/or execution of instructions stored in machine-readable storage

medium 304. Processor 302 may fetch, decode, and/ or execute instructions 306,

308, and 310 to enable detecting human presence in proximity of user

device 300, as described below. As an alternative or in addition to retrieving

and/or executing instructions, processor 302 may indude an electronic circuit

comprising a number of electronic components for performing the functionality of

instructions 306, 308, and/or 310. Processor 302 may be implemented as

processor 122 of FIG. 1 or processor 222 of FIG. 2 .

[0026] Machine-readable storage medium 304 may be any suitable electronic,

magnetic, optical, or other physical storage device that contains or stores

executable instructions. Thus, machine-readable storage medium 304 may include,

for example, a random-access memory (RAM), an Electrically Erasable

Programmable Read-Only Memory (EEPROM), a storage device, an optical disc,

and the like in some implementations, machine-readable storage medium 304 may



include a non-transitory storage medium, where the term "non-transitory" does not

encompass transitory propagating signals. As described n detail below, machine-

readable storage medium 304 may be encoded with a set of executable

instructions 306, 308, and 3 0.

[0027] instructions 306 may sample a portion of a first signal transmitted from a

signal source to an antenna of user device 300. The portion of the first signal may

be provided by a first directional coupler (e.g., coupler 4 of FIG. 1). Voltage,

current, and/or other aspects of the portion of the first signal may be sampled.

[0028] Instructions 308 may sample a portion of a second signal reflected from

the antenna to the signal source of user device 300. The portion of the second

signal may be provided by a second directional coupler {e.g., coupler 104 of

FIG. 1). Voltage, current, and/or other aspects of the portion of the second signal

may be sampled.

[0029] Instructions 3 0 may regulate, based on the sampled portions of the first

and second signals, transmit power of the signal source. For example,

instructions 310 may determine that the strength (e.g., in terms of power, voltage,

and/or current) of the signal portion provided by the second directional coupler is

almost the same as that of the signal portion provided by the first directional

coupler, and may conclude from such conditions that a human is close to user

device 300. Instructions 310 may then reduce the transmit power of a signal

source of user device 300 such that user device 300 complies with the FCC's

SAR limits.

[0030] FIG. 4 is a block diagram of an example user device 400 that includes

a machine-readable storage medium encoded with instructions that enable

regulation of transmit power of a signal source of the user device based on a

difference between sampled voltage values. User device 400 may be a notebook

computer, a desktop computer, a workstation, a tablet computing device, a mobile

phone, or an electronic book reader. In FIG. 4 , user device 400 includes

processor 402 and machine-readable storage medium 404.

[0031] As with processor 302 of FIG. 3 , processor 402 may include a CPU,

microprocessor (e.g., semiconductor-based microprocessor), and/or other

hardware device suitable for retrieval and/or execution of instructions stored in



machine-readabie storage medium 404. Processor 402 may fetch, decode, and/

or execute instructions 406, 408, 410, 412, and 414 to enable regulation of

transmit power of a signal source of user device 400, as described below. As an

aiternative or in addition to retrieving and/or executing instructions, processor 402

may include an eiectronic circuit comprising a number of electronic components

for performing the functionality of instructions 408, 408, 410, 412, and/or 414.

Processor 402 may be implemented as processor 122 of FIG. 1 or processor 222

of FIG. 2 .

[0032] As with machine-readable storage medium 304 of FIG. 3, machine-

readable storage medium 404 may be any suitable physical storage device that

stores executable instructions. Instructions 408 may sample voltage of a portion of

a first signal. The first signal may be transmitted from a signal source to an antenna

of user device 400. The portion of the first signal ma be provided by a first

directional coupler (e.g., coupler 214).

[0033] Instructions 408 may sample voltage of a portion of a second signal. The

second signal may be reflected from the antenna to the signal source of user

device 400. The portion of the second signal may be provided by a second

directional coupler (e.g., coupler 204).

[0034] instructions 410 may store a first set of binary values, corresponding to

voltage samples of the portion of the first signal, and a second set of binary values,

corresponding to voltage samples of the portion of the second signal. The

equivalent decimal value of a set of binary values may represent a sampled

voltage value. An equivalent decimal value may or may not be equal to its

respective sampled voltage value, depending on the method(s) of sampling used

by instructions 406 and 408.

[0035] instructions 412 may correlate the first set of binary values to a forward

voltage value, and correlate the second set of binary values to a reverse voltage

value. The forward voltage value may be indicative of the amount of power in a

signal transmitted from a signal source to an antenna of user device 400. The

reverse voltage value may be indicative of the amount of power reflected back

from the antenna to the signal source.



[0036] Instructions 414 may regulate transmit power of the signal source based

on a difference between the forward and reverse voltage values. For example,

instructions 414 ay decrease transmit power of the signal source if the difference

between the forward voltage value and the reverse voltage value is less than a

threshold value. In some implementations, instructions 414 may decrease transmit

power of the signal source if the difference between the forward voltage value and

the reverse voltage value is equal to the threshold value. A small difference (e.g.,

less than the threshold value) between the forward and reverse voltage values

may indicate human presence near user device 400, and thus the transmit power

of the signal source may be decreased such that user device 400 complies with

the FCC's SAR limits. Instructions 414 may maintain or increase transmit power of

the signal source if the difference between the forward voltage value and the

reverse voltage value exceeds the threshold value. The difference being greater

than the threshold value may indicate absence of human presence near user

device 400, and thus the transmit power of the signal source may be above the

FCC's SAR limits.

[0037] FIG. 5 is a block diagram of an example user device 500 that includes

a machine-readable storage medium encoded with instructions that enable

regulation of transmit power of a signal source of the user device based on a

VSWR User device 500 may be a notebook computer, a desktop computer, a

workstation, a tablet computing device, a mobile phone, or an electronic book

reader. In FIG. 5, user device 500 includes processor 502 and machine-readable

storage medium 504.

[0038] As with processor 402 of FIG. 4 , processor 502 may include a CPU,

microprocessor (e.g., semiconductor-based microprocessor), and/or other

hardware device suitable for retrieval and/or execution of instructions stored in

machine-readable storage medium 404. Processor 502 may fetch, decode, and/

or execute instructions 506, 508, 510, 512, 514, and 516 to enable regulation of

transmit power of a signal source of user device 500, as described below. As an

alternative or in addition to retrieving and/or executing instructions, processor 502

ay include an electronic circuit comprising a number of electronic components

for performing the functionality of instructions 506, 508, 510, 512, 514,



and/or 516. Processor 502 may be implemented as processor 122 of FIG. 1 or

processor 222 of FIG. 2 .

[0039] As with machine-readable storage medium 404 of FIG. 4 , machine-

readable storage medium 504 may be any suitable physical storage device that

stores executable nstructions instructions 508, 508, 510, and 512 on machine-

readable storage medium 504 may be analogous to instructions 406, 408, 410,

and 412 on machine-readable storage medium 404. Instructions 514 ma calculate

a VSWR using a forward voltage value and a reverse voltage value. The toward

voltage value and the reverse voltage value may correspond to a first and second

set of binary values, respectively, analogous to those discussed above with respect

to FIG. 4 . In some implementations, the VSWR may be calculated by dividing the

sum of the forward and reverse voltage values by the difference between the

forward a d reverse voltage values.

[0040] Instructions 516 may regulate transmit power of a signal source of user

device 500 based on the VSWR calculated by instructions 514. For example,

instructions 516 may decrease transmit power of the signal source if the VSWR

exceeds a threshold value. In some implementations, instructions 516 may

decrease transmit power of the signal source if the VSWR is equal to the threshold

value. The VSWR may be large (e.g., greater than the threshold value) when the

forward and reverse voltage values are about the same, which may indicate human

presence near user device 500, and thus the transmit power of the signal source

may be decreased such that user device 500 complies with the FCC's SAR limits.

Instructions 5 may maintain or increase transmit power of the signal source if the

VSWR does not exceed the threshold value. The VSWR being less than the

threshold value (e.g., because the forward voltage value is much greater than the

reverse voltage value) may indicate absence of human presence near user

device 500, and thus the transmit power of the signal source may be above the

FCC's SAR limits.

[0041] FIG. 6 is a flowchart of an example method 600 for detecting human

presence in proximity of a user device. Although execution of method 800 is

described below with reference to processor 302 of FIG. 3 , it should be understood

that execution of method 600 may be performed by other suitable devices, such as



processors 402 and 502 of FIGS. 4 and 5 , respectively. Method 600 may be

implemented in the form of executable instructions stored on a machine-readable

storage medium and/or in the form of electronic circuitry.

[0042] Method 600 may start in block 802, where processor 302 may sample a

portion of a first signal. The first signal may be transmitted from a signal source to

an antenna of a user device, such as user device 300. The portion of the first signal

may be provided by a first directional coupler (e.g., coupler 4 of FIG. 1). Voltage,

current, and/or other aspects of the portion of the first signal may be sampled.

[0043] Next, in block 604, processor 302 may sample a portion of a second

signal. The second signal may be reflected from the antenna to the signal source of

the user device. The portion of the second signal may be provided by a second

directional coupler (e.g., coupler 104 of FIG. 1 . Voltage, current, and/or other

aspects of the portion of the second signal may be sampled.

[0044] Finally, in block 806, processor 302 may regulate, based on the sampled

portions of the first and second signals, transmit power of the signal source. For

example, processor 302 may determine that the strength (e.g., in terms of power,

voltage, and/or current) of the signal portion provided b the second directional

coupler is almost the same as that of the signal portion provided by the first

directional coupler, and may conclude from such conditions that a human is close

to the user device. Processor 302 may then reduce the transmit power of the

signal source such that the user device complies with the FCC's SAR limits.

[0045] FIG. 7 is a flowchart of an example method 700 for regulating transmit

power of a signal source of a user device based on a difference between

sampled voltage values. Although execution of method 700 is described below with

reference to processor 402 of FIG. 4, it should be understood that execution of

method 700 may be performed by other suitable devices, such as processor 302 of

FIG. 3 . Method 700 may be implemented in the form of executable instructions

stored on a machine-readable storage medium and/or in the form of electronic

circuitry.

[0046] Method 700 may start in block 702, where processor 402 may sample

voltages of portions of first and second signals. The first signal may be transmitted

from a signal source to an antenna of a user device, such as user device 400. The



second signal may be reflected from the antenna to the signal source of the user

device. The portion of the first signal ay be provided by a first directional coupler

(e.g., coupler 214), and the portion of the second signal may be provided by a

second directional coupler (e.g., coupler 204).

[0047] in block 704, processor 402 may store a first set of binary values,

corresponding to voltage samples of the portion of the first signal, and a second set

of binary values, corresponding to voltage samples of the portion of the second

signal. The equivalent decimal value of a set of binary values may represent a

sampled voltage value. An equivalent decimal value may or may not be equal to

its respective sampled voltage value, depending on the method(s) of sampling

used in block 702.

[0048] Next, in block 708, processor 402 may correlate the first set of binary

values to a forward voltage value, and correlate the second set of binary values to a

reverse voltage value. The forward voltage value may be indicative of the amount

of power n a signal transmitted from a signal source to an antenna of the user

device. The reverse voltage value may be indicative of the amount of power

reflected back from the antenna to the signal source.

[0049] in block 708, processor 402 may determine whether the difference

between the voltage values is less than a threshold value. For example,

processor 402 ma calculate the difference between the forward voltage value and

the reverse voltage value, and input the calculated difference and the threshold

value into a comparator. If the difference between the voltage values is not less

than the threshold value, method 700 may proceed to block 710, in which

processor 402 may maintain transmit power of the signal source. In some

implementations, processor 402 may maintain transmit power of the signal source if

the difference between the voltage values equals the threshold value. In some

implementations, processor 402 may increase transmit power of the signal source if

the difference between the voltage values exceeds the threshold value.

[0050] f , in block 708, it is determined that the difference between the voltage

values is less than the threshold value, method 700 may proceed to block 712, n

which processor 402 ma decrease transmit power of the signal source. In some

implementations, processor 402 may decrease transmit power of the signal source



if the difference between the voltage values equals the threshold value. A small

difference (e.g., less than the threshold value) between the forward and reverse

voltage values may indicate human presence near the user device, and thus

processor 402 may decrease the transmit power of the signal source such that

the user device complies with the FCC's SAR limits.

[0051] FIG. 8 is a flowchart of an example method 800 for regulating transmit

power of a signal source of a user device based on a VSWR. Although execution

of method 800 is described below with reference to processor 502 of FIG. 5 , it

should be understood that execution of method 800 may be performed by other

suitable devices, such as processor 302 of FIG. 3 . Method 800 ay be

implemented in the form of executable instructions stored on a machine-readable

storage medium and/or in the form of electronic circuitry.

[0052] Method 800 may start in block 802, where processor 502 may sample

voltages of portions of first and second signals. The first signal may be transmitted

from a signal source to an antenna of a user device, such as user device 500. The

second signal may be reflected from the antenna to the signal source of the user

device. The portion of the first signal may be provided by a first directional coupler

(e.g., coupler 214), and the portion of the second signal may be provided by a

second directional coupler (e.g., coupler 204).

[0053] In block 804, processor 502 may store a first set of binary values,

corresponding to voltage samples of the portion of the first signal, and a second set

of binary values, corresponding to voltage samples of the portion of the second

signal. The equivalent decimal value of a set of binary values may represent a

sampled voltage value. An equivalent decimal value may or may not be equal to

its respective sampled voltage value, depending on the method(s) of sampling

used in block 802.

[0054] Next, in block 808, processor 502 may correlate the first set of binary

values to a forward voltage value, and correlate the second set of binary values to a

reverse voltage value. The forward voltage value may be indicative of the amount

of power in a signal transmitted from a signal source to an antenna of the user

device. The reverse voltage value ma be indicative of the amount of power

reflected back from the antenna to the signal source.



[0055] n block 808, processor 502 may calculate a VSWR using the forward

voltage value and the reverse voltage value. In some implementations, the VSWR

ay be calculated by dividing the sum of the forward and reverse voltage values by

the difference between the forward and reverse voltage values.

[0056] in block 810, processor 502 may determine whether the VSWR

calculated in block 808 exceeds a threshold value. For example, processor 502

ma input the VSWR and the threshold value into a comparator. If the VSWR does

not exceed the threshold value, method 800 may proceed to block 812, in which

processor 502 may maintain transmit power of the signal source. In some

implementations, processor 502 may maintain transmit power of the signal source if

the VSWR equals the threshold value. In some implementations, processor 502

may increase transmit power of the signal source if the VSWR does not exceed the

threshold value.

[0057] if, in block 810, it is determined that the VSWR exceeds the threshold

value, method 800 may proceed to block 814, in which processor 502 may-

decrease transmit power of the signal source. In some implementations,

processor 502 may decrease transmit power of the signal source if the VSWR is

equal to the threshold value. The VSWR may be large (e.g., greater than the

threshold value) when the forward and reverse voltage values are about the same,

which may indicate human presence near the user device, and thus

processor 502 may decrease the transmit power of the signal source such that

the user device complies with the FCC's SAR limits.

[0058] The foregoing disclosure describes sampling signals within user

devices and regulating transmit power based on sampled signals. Example

implementations described herein enable user devices to detect human presence

in their proximity and decrease transmit power accordingly to comply with the

FCC's SAR limits.



claim:

1. A system for detecting human presence n proximity of a user

device, the system comprising:

a first directional coupler having a first post communicatively coupled to an

antenna, wherein a portion of a signal passing from a second port of the first

directional coupler to the first port of the first directional coupler is provided at a

third port of the first directional coupler;

a second directionai coupler having a first port communicativeiy coupled to

a signal source, and a second port communicatively coupled to a second port of

the first directional coupler, wherein a portion of a signal passing from the second

port of the second directional coupier to the first port of the second directional

coupler is provided at a third port of the second directional coupier; and

a processor to regulate, based on signal portions at the third ports of the

first and second directionai couplers, transmit power of the signal source.

2 . The system of claim 1, further comprising:

a first analog-to-digital converter (ADC) to sample voltage of the signal

portion at the third port of the first directionai coupler; and

a second ADC to sample voltage of the signal portion at the third port of

the second directional coupler;

wherein:

the first ADC and the second ADC are communicativeiy coupled to

the processor; and

the processor is further to store a first set of binary values,

corresponding to voltage samples of the signal portion at the third port of

the first directional coupler, and a second set of binary values,

corresponding to voltage samples of the signal portion at the third port of

the second directional coupier.

3 . The system of claim 2, wherein the processor is further to:

correlate the first set of binary values to a forward voltage value; and

correlate the second set of binary values to a reverse voltage value.



4 . The system of claim 3 , wherein the processor is further to decrease

transmit power of the signal source if the difference between the forward voltage

value and the reverse voltage value is less than a threshold value.

5 . The system of claim 3, wherein the processor is further to:

calculate a voltage standing wave ratio (VSWR) using the forward voltage

value and the reverse voltage value; and

decrease transmit power of the signal source if the VSWR exceeds a

threshold value.

6 . A machine-readable storage medium encoded with instructions

executable by a processor of a user device for detecting human presence in

proximity of the user device, the machine-readable storage medium comprising:

instructions to sample a portion of a first signal transmitted from a signal

source to an antenna of the user device, wherein the portion of the first signal is

provided by a first directional coupler;

instructions to sample a portion of a second signal reflected from the

antenna to the signal source, wherein the portion of the second signal is provided

by a second directional coupler; and

instructions to regulate, based on the sampled portions of the first and

second signals, transmit power of the signal source.

7 . The machine-readable storage medium of claim 6 , further

comprising:

instructions to sample voltage of the portion of the first signal;

instructions to sample voltage of the portion of the second signal; and

instructions to store a first set of binary values, corresponding to voltage

samples of the portion of the first signal, and a second set of binary values,

corresponding to voltage samples of the portion of the second signal.



8 . The machine-readable storage medium of claim 7 , further

comprising:

instructions to correlate the first set of binary values to a forward voltage

value; and

instructions to correlate the second set of binary values to a reverse

voltage value.

9 . The machine-readable storage medium of claim 8 further

comprising instructions to decrease transmit power of the signal source if the

difference between the forward voltage value and the reverse voltage value is

less than a threshold value

10. The machine-readable storage medium of claim 8 further

comprising:

instructions to calculate a voltage standing wave ratio (VSWR) using the

toward voltage value and the reverse voltage value; and

instructions to decrease transmit power of the signal source if the VSWR

exceeds a threshold value.

11. A method for detecting human presence in proximity of a user

device, the method comprising:

sampling a portion of a first signal transmitted from a signal source to an

antenna of the user device, wherein the portion of the first signal is provided by a

first directional coupler;

sampling a portion of a second signal reflected from the antenna to the

signal source, wherein the portion of the second signal is provided by a second

directional coupler; and

regulating, based on the sampled portions of the first and second signals,

transmit power of the signal source.

12. The method of claim 11, wherein sampling portions of the first and

second signals comprises sampling voltages of the portions of the first and



second signals, the method further comprising storing a first set of binary values,

corresponding to voltage samples of the portion of the first signal, and a second

set of binary values, corresponding to voltage samples of the portion of the

second signal

3. The method of claim 1 , further comprising:

correlating the first set of binary values to a forward voltage value; and

correlating the second set of binary values to a reverse voltage value.

14. The method of claim 13, wherein regulating transmit power of the

signal source comprises decreasing transmit power of the signal source if the

difference between the fonA'ard voltage value and the reverse voltage value is

less than a threshold value.

5. The method of claim 13, further comprising calculating a voltage

standing wave ratio (VSWR) using the forward voltage value and the reverse

voltage value, wherein regulating transmit power of the signal source comprises

decreasing transmit power of the signal source if the VSWR exceeds a threshold

value.
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