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METHOD AND APPARATUS FOR CONTROLLING THE
EXPOSURE TO RF TRANSMISSIONS
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L Field of the Invention

The present invention relates to communication systems where the

antenna radiation is in close proximity to the user. More particularly, the

10 present invention relates to a novel and improved method and apparatus

for monitoring RF exposure levels associated with the use of handheld

transmitters and providing response measures when the exposure to the RF
transmissions exceeds a predetermined threshold value.

15 IL Description of the Related Art

It is frequently desirable to have self contained handheld personal
communications units for their convenience and mobility. These features
have given rise to an enormous demand for the hand held units. In

20 response to the demand, industry has desired to place in effect a series of
precautionary measures to monitor and control the user's RF exposure.

SUMMARY OF THE INVENTION

¥y 25 The present invention is a novel and improved method and

apparatus for controlling user RF exposure levels. In accordance with the

present invention the total amount of energy transmitted is measured until

a predetermined exposure level within a fixed time period is reached at
which time an automated sequence of preventative measures commences.

30 . The transmission circuitry of a handheld telephone is comprised

essentially of an antenna and a power amplifier coupled to the antenna. In

general the power amplifier is responsive to a power level request signal

that determines the transmission power from the antenna.

In present invention the transmission energy is monitored

35 throughout the telephone operation, either’by monitoring the power level

request signal or by monitoring the output of the power amplifier. The

amount of ransmitted energy in a fixed period of time is accurmnulated by an

integrator, which may take the form of a leaky integrator or a sliding

window accumulator depending on if the moitored signal is in an a.nalog or

40 digital format. This accumulated value of transmitted energy is compared
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to a predetermined threshold. When the accumulated value exceeds the
predetermined threshold a signal is sent to a hazard control processor and
precautionary steps are actuated.
In a more elegant implementation of the present invention the
5 accumulated transmission energy is compared against an intermediate level
or a series of intermediate levels after the accumulated energy exceeds each
of said intermediate thresholds new precautionary steps are taken until the
transmission power is reduced or until a final threshold is surpassed at
which time the transmit power is reduced or eliminated.
10 '

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
15 taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:

Figure 1 is an illustration of the RF exposure associated with the use
of portable communications devices;

Figure 2 is a flowchart of the steps of the RF exposure monitor and
20 control system; and

Figure 3 is an exemplary embodunent of the RF exposure monitor
and control apparatus.

s DETAILED DESCRIPTION OF THE PREFERRED
' 25 EMBODIMENTS

Referring now to the drawings, Figure 1 illustrates the RF exposure

associated with the use of portable personal communication devices, such as

_ “cellular telephones or similar devices. The proximity of the antenna 1 of

30 the portable phone 2 to the users body 3 is of interest. The electromagnetic

energy 4 emanating from antenna 1 of phone 2 are the source of interest.

The control and monitoring of RF exposure is the objective of the present
invention.

¥ In portable communication devices, transmitter power is increased

35 and decreased to maintain a quality communication link. In a fading

environment or in the situation in which the transmission path is

obstructed, the portable communication device increases transmission

power to maintain link quality. The level of transmission enérgy and the
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changes thereto should be monitored. Therefore proper control processes
. and circuitry are needed to limit the RF exposure level. :

Figure 2 illustrates a flowchart of the steps involved in controlling

the exposure levels of RF transmissions of the present invention. The
5 accumulated energy is obtained, block 11, and compared against a current

energy threshold, block 12. If in block 12 the accumulated energy value is

determined to be less than the current threshold, the system checks if the

threshold value is set to its minimum value, block 13. If in block 13 the

threshold value is determined not to be at its minimum value, the
10 threshold value is decreased by a predetermined decrement, block 14.

If in block 12 the current energy threshold is determined to be
exceeded, a check is made to determine if the threshold is an intermediate
threshold or the maximum threshold, block 15. If in block 15 the threshold
is determined to be an intermediate threshold the following precautionary

15 steps are actuated. The user is notified, block 16, and the energy threshold
value is increased to a greater value, block 17. ;'

The above described procedure continues until such time that the
threshold value is determined to no longer be an intermediate value, but
rather a maximum value in block 15 that will not be increased. At this time

20 the user is notified, block 18, and the radiated power is reduced or
eliminated block 19.

Figure 3 illustrates an exemplary embodiment of the present
invention in a communications device. Power level requests which control
transmission power are processed through an RF Exposure Control

25 Processor 20 before being passed on to the power amplifier 21 as a Power
Level Request’ signal. The power amplifier 21, is responsive to the Power
Level Request' signal for amplifying the input information signal to
provide 2 transmission signal at a predetermined transmission power level
to antenna 22. The information signal may be in either analog or digital

30 format. The input information signal might be in analog or digital form
and modulated for transmission using TDMA, CDMA, FM or any other
modulation scheme well known in the art.

In satellite based portable telephone systems, the typical transmission
frequencies are in the range of approximately 1610 - 1626.5 MHz. These

35 telephones are designed to operate in the power range between 100mW and
1W. It should be noted the present invention is equally applicable to any
transmission frequency or power range of either satellite or terrestrial based
fommurucation svstem. -

et o men 2
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In a preferréd embodiment an integrator 23 taps off of the Power

Level Request Signal from RF Exposure Control Processor 20. In an

alternative embodiment the integrator could tap off the output of the power

amplifier for its measurement of transmitted energy (as illustrated by the

5 dashed line in Figure 3). The integrator can be in the form of a leaky

integrator if the power request signal is analog in nature or a sliding

window accumulator if the power request signal is digital in nature. The
transmitted energy is ideally calculated using the formulas:

t+AtL -
10 Et= [Power(t)dt (1)
t

where Et is the transmitted energy and Power(t) is the transmission
power as a function of time, or

nHm
Et= Y Power(i)* At (2)
i=n
15 where Et is the transmitted energy and Power(i) is the transmission

power as a function of sample number.

The computation of equation 1 can be accomplished using an analog

integrator, as is well known in the art, and the computation of equation 2

20 can be accomplished using digital accumulating circuitry which is also well

known in the art. There are simplified implementations that approximate

the functions of Equations 1 and 2. For example, a simple RC network can

approximate the analog integral of Equation 1. The integration or

summation period used in the exemplary embodiment may be 6 minutes,

25 or any other selected time period. The period of integration is a

programmable quantity and can be varied to conform to local laws or
differing needs.

In addition, the integration need not be a linear process. Instead, the

rate of accumulation or integration may be weighted based on the

30 characteristics of the RF transmission at any given time. At the present, it is

commonly believed that the significance of the radiation exposure is simply

proportipnal to the total amount of accumulated exposure. However, it is

envisioned in the present invention that should an alternative model

wherein the characteristics of the RF transmissions are of interest to the

35 wuser, the integration can be weighted in accordance with these

characteristics. Characteristics that could be taken into effect and be

AMENDED SHEET
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weighted accordingly may include the frequency of the electromagnetic
radiation, the intensity of the radiation, or any other measureable
characteristic of the radiation.

The transmitted energy (Et) is compared against the current threshold
S5 value (T) provided by RF Exposure Control Processor 20, by means of a
comparator 24. In the exemplary embodiment, the current threshold value
is stored within a ROM or RAM memory storage device associated with the
RF Exposure Control Processor 20. The threshold values are also
programmable and can be varied to conform to local laws or differing needs.
10 A suggested maximum exposure threshold might be 180 Joules of
transmitted energy in a 6 minute period. So in the exemplary embodiment
an initial threshold might be set at 90 Joules of transmitted energy in a 6
minute period. If the initial threshold, as supplied by RF Exposure Control
Processor 20, is exceeded then comparator 24 sends the Threshold Exceeded

15 signal back to RF Exposure Control Processor 20.

At this point the RF Exposure Control Processor 20 sends out a
Control Notification signal that makes the user aware of the condition. For
example in response to the Control Notification Signal, the
communications device may provide either or both an audio or visual

20 warning. The visual alert for example may take the form of a script
warning on a digital display on the communications device or an
illumination of an indicator lamp. The user in response to the warning can
take measures to reduce the needed transmission energy by reducing the in

y path interference. The RF Exposure Control Processor 20 then increases the

25 threshold value and allows the user to continue operation.

The process of increasing the threshold values continues until at
some point the threshold value has reached its maximum value, at which
time. the RF Exposure Control Processor 20 modifies the Power Level
-Request signal to reduce or eliminate the transmission radiation. If, on the

30 other hand, the accurulated value is less than the current threshold value
for a predetermined period of time the threshold is reduced. The process of
reducing the threshold value continues until the threshold value is reduced
to its minimum value.

An optional feature which may beadded to the present invention is a

35 system override subsystem. As illustrated in Figure 3, a override signal can
be provided to the RF Exposure Control Processor 20 by the user in cases
where it is necessary to maintain the high transmission power. The
override subsytem of RF Exposure Control Processor 20 would in response
o the override signal inactivate the hazard control processor and allow the

) (QCPASSPA 3G20]
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power request signal to pass through RF Exposure Control Processor 20
unaltered. A subsystem of this type could, for example, be invoked under
emergency circumstances that dictate that a transmission must get out. The
design of such override systems are well known in the art.

S Although in the diagrams and in the text the system has been
illustrated as an autonomous system controlled by its own processor, the
present invention can reside partially or entirely in the existing processing
elements of the portable communications device.

The previous description of the preferred embodiments is provided

10 to enable any person skilled in the art to make or use the present invention.

The various modifications to these embodiments will be readily apparent to

those skilled in the art, and the generic principles defined herein may be

applied to other embodiments without the use of the inventive faculty.

Thus, the present invention is not intended to be limited to the

15 embodiments shown herein but is to be accorded the widest scope consistent
with the principles and novel features disclosed herein.
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CLAIMS
L In a communications device having a transmitter and an

antenna, an apparatus for controlling the exposure level to a user of RF
transmissions from said communications device comprising:
4 means for determining the amount of energy transmitted by said
antenna in a predetermined length of time to generate an accumulated
6 energy value;
comparison means for comparing said accumulated energy value
8 against a threshold value to generate a comparison result signal; and
response means for receiving said comparison result signal and when
10 said comparison result signal indicates that said accumulated energy value
exceeds said threshold, limiting the transmission power of said transmitter.

2. The apparatus of Claim 1 wherein said means for determining
2 comprises a sliding window accumulator.

3. The apparatus of Claim 1 wherein said means for determining
2 comprises a leaky integrator.

4. The apparatus of Claim 1 wherein said response means is
2 additionally for notifying the user of a condition of high transmission
radiation exposure when said comparison result signal indicates that said

4 accumulated value exceeds said threshold.

5. The apparatus of Claim 2 wherein said response means is
2 additionally for notifying the user of a condition of high transmission
radiation exposure when said comparison result signal indicates that said

4 accumulated value exceeds said threshold.

6. The apparatus of Claim 3 wherein said response means is
2 additionally for notifying the user of a condition of high transmission
radiation exposure when said comparison result signal indicates that said
4 accumulated value exceeds said threshold.
w
13.  The apparatus of Claim 1 wherein said response means is
2 further for, when said comparison result signal is indicative of said
accumulated energy value exceeding said threshold value, comparing said
4 threshold value with a predetermined maximum threshold value, and if
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said threshold value is less than said maximum threshold value increasing
6 said threshold value.

14.  The apparatus of Claim 13 wherein said response means is
2 further for, when said comparison result signal is indicative of said

accumulated energy value less than said threshold value, reducing said
4 threshold value.

15.  The apparatus of Claim 13 wherein said response means is
2 further for, when said comparison result signal is indicative of said
accumulated energy value less than said threshold value, comparing said
4 threshold value with a predetermined minimum threshold value, and
reducing said threshold value only when said threshold value is greater

6 than minimum threshold value.

16.  The apparatus of Claim 14 wherein said response means is
2 further for reducing said threshold value only when said threshold value is
greater than a minimum threshold value.

17.  In a handheld telephone having a transmitter and an antenna,
2 a method for controlling the exposure levels to a user of RF transmissions
from said telephone comprising:

4 determining the amount of energy transmitted by said antenna in a
predetermined length of time to generate an accumulated energy value;

6 comparing said accumulated energy value against a predetermined
threshold value;

8 generating a comparison result signal; and

limiting the transmission power of said transmitter, if said
10 comparison result signal is indicative of said accumulated energy value
exceeding said threshold value.

18. The method of Claim 17 wherein said step of determining the
2 amount of energy transmitted by said antenna comprises summing
transmission power for a predetermined number of transmitted symbols.
7
19. The method of Claim 17 wherein said step of determining the
2 amount of energy transmitted by said antenna comprises 1ntegrat1ng
transm1ssmn power over a predetermined time interval.

— _
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20. The method of Claim 17 further comprising the step of
notifying the user when said comparison result is indicative of said
. accumulated energy value exceeding said threshold value.

21.  The method of Claim 18 further comprising the step of
2 notifying the user when said comparison result is indicative of said
" accumulated energy value exceeding said threshold value.

22. The method of Claim 19 further comprising the step of
2 notifying the user when said comparison result is indicative of said
accumulated energy value exceeding said threshold value.

29. The method of Claim 17 further comprising the step of
2 increasing said threshold responsive to said comparison result signal, if said

comparison result is indicative of said accumulated energy value exceeding
4 said threshold value.

30. The method of Claim 29 further comprising the step of
2 decreasing said threshold responsive to said comparison result signal, if said
comparison result is indicative of said accumulated energy value less than

4 said threshold value.

31. The method of Claim 29 further comprising the steps of
2 comparing said threshold value with a predetermined maximum threshold
value, and increasing said threshold value only when said threshold value

4 is less than said predetermined maximum threshold value.

32. The method of Claim 30 further comprising the steps of
2 comparing said threshold value with a predetermined minimum threshold
value, and reducing said threshold value only when said threshold value is

4 greater than said predetermined minimum threshold value.

33. In a handheld communication device having a transmitter and

2 an antenna, a circuit for controlling the exposure levels of RF transmissions
comprising?’ )

4 an RF exposure control processor with two inputs, with a first input

for receiving a power request signal, and having two outputs with a first

6 output for providing an exposure threshold value and a second output for

providing a modified power request signal;

L
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an amplifier having two inputs with a first input for receiving an
information signal and a second input for receiving said modified power
request signal and having an output for providing an amplified information
signal;

a leaky integrator having an input coupled to said modified power
request signal and having an output; and

a comparator having two inputs and an output, with a first input
coupled to the output of said leaky integrator, and a second input coupled to
said first output of said hazard control processor and wherein said output is
coupled to a second input of said hazard control processor.

34.  The circuit of Claim 33 wherein said hazard control processor
further comprises a third output for providing a Control notification signal.

35. In a handheld telephone having an antenna, a circuit for
controlling the exposure levels of RF transmissions comprising:

an RF exposure control processor with two inputs, with a first input
for receiving a power request signal, and having two outputs with a first
output for providing an exposure threshold value and a second output for
providing a modified power request signal;

an amplifier having two inputs with a first input for receiving an
information signal and a second input for receiving said modified power
request signal and having an output for providing an amplified information
signal;

a sliding window accumulator having an input coupled to said
modified power request signal and having an output; and

a comparator having two inputs and an output, with a first input
coupled to the output of said leaky integrator, and a second input coupled to
said first output of said hazard control processor and wherein said output is
czaupled to a second input of said hazard control processor.

36.  The circuit of Claim 35 wherein said hazard control processor
further comprises a third output for providing a Control notification signal.
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