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Communication apparatus, mobile radio equipment, base station and power control method.

Description
FIELD OF THE INVENTION

The invention relates to a radio communication apparatus comprising:

- transceiver means coupled to an antenna structure featuring a radiation
diagram which antenna structure gives greater importance to certain directions of transmission
and . . .

o éLpower regulation devicé controlled by a control element for modifying said
radiation diagram.

The invention also relates to mobile radio equipment suitable for
communicating with at least one fadio base station of a radio telecommunication system, said
equipment comprising:

- radio transceiver means coupled to an antenna structure featuring a radiation
diagram which antenna structure gives greater importance to certain directions of transmission
and | _

- a power regulation device controlled bya contrél element for modifying said
radiation diagram. ' '

The invention further relates to a radio base station of a radio
telecommunication system suitable for communicating with at least one mobile radio terminal,
said station comprising:

_ - radio transceiver means coupled to an antenna structure featuring aradiation
diagram which antenna structure gives greater importance to certain directions of transmission
and |

- a power regulation device controlled by a control element for modifying said
radiation diagram.

The invention finally rel‘ates to a power control method for controlling the

power radiated in a given direction by a plurality of directional antennas which have

- respective transmit powers.
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The invention finds many applications in the field of teleconnnuniéation by
radio channel, notably radiotelephony. The invention particularly applies to systems called
third generation systems, operating acco'rding to a Universal Mobile Telecommunications
System (UMTS) standard using the technique of Code-Division Multiple Access (CDMA).
Equipment provided for such systems comprises a plurality of directional antennas suitable for
emitting noxious radiation absorbed by human tissue situated in the proximity of these

apparatus.

BACKGROUND OF THE INVENTION

European patent application no. EP 752 735, published in the German language,
describes an apparatus of the type defined in the opening paragraph, compnsmg means for
limiting the power of radiation absorbed bky human tissue. The apparatus comprises an antenna
array electrically connected to a control unit for individually regulating the transmit power of
each antenna as a function of the calculated variation between the impedance measured at the
level of the antenna and a reference value corresponding to its impedance in the clear field.

This difference represents a measure of the radiation power absorbed by human tissue.

SUMMARY OF THE INVENTION

The present invention proposes means for avoiding the emission of radio waves
in the direction of human tissue, which means are easier to implement and more effective than
those described in cited document. Therefore, an apparatus as mentioned in the opening
paragraph is provided, characterized in that it comprises a proximity detection device for
measuring at least one proximity parameter and feeding the control element with a proximity
indication for controlling the power regulation device.

" According to an important characteristic feature of the invention, the antenna

structure comprises a plurality of directional antennas which have each a transmit power in a
given direction and the power regulation device comprises power control means for regulating
the transmit power of the directional antennas. _

- According to another characteristic feature of the invention, the power control
means comprise a switch for selectively activating/deactivating one or various directional
antennas. :

According to two particular embodiments of the invention, the proximity
detection device comprises a temperature detector and/or a humidity detector enabling to

distinguish, among the various obstacles to the radio propagation, the presence of 2 human
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being in any obstacle. As it is an object of the invention to liriit the emission of noxious
radiation for the benefit of the user's health, it is very advantageous to use such proximity
detectors.

These detectors further feature two additional advantages. As they are passive,
they are harmless to the user, because they emit no radio wave at all. Moreover, they make
both the transmit power measurements and the calculations of the power differences
recommended by the method cited previously fedundant. These detectors are not only energy
consumers but are also noxious, since they imply to transmit at a certain power level for
making the measurements before possibly effecting a power level control intended to limit the

user's absorption of radiation.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent from and elucidated
with reference to the embodiments described hereinafter.

In the drawings:

Fig. 1 is a block diagram of a communication apparatus according to the
invention, |

Fig. 2 represents an example of the mobile radio equipment according to the
invention,

Fig. 3 is a block diagram of a particular embodiment of the equipment
represented in Fig. 2, and

Fig. 4 is a flow chart for illustrating an example of a2 method of controlling
transmit power according to the invention. '

DESCRIPTION OF PREFERRED EMBODIMENTS

The example represented in Fig. 1 may be integrated with a radiotelephone
using various directional transmitting antennas. The communication apparatus comprises a
transceiver device 11 coupled to a plurality of directional antennas 12 to 15 (having a radiation
diagram giving greater importance to certain directions of transmission). Each antenna is
electrically connected to a power regulation device 16 controlled by a control element 17.
Such an element may be formed by a suitably programmed microcontroller uC which includes
a programmable read-only memory, a random-access memory, an input/output interface

having an analog/digital converter and a digital/analog converter and all the devices necessary

for the interface with the various peripherals.
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A proximity detector 18 connected to the control element 17 detects the
presence of human tissue in the proximity of the apparatus by measuring a proximity
parameter, such as temperature or degree of humidity, and transmits a proximity coefficient
characteristic of the detected object to the control element 17. Such a detector is thus capable
of differentiating between a human body featuring a certain coefficient and another body
having a different coefficient. The value of this coefficient is analyzed by the control element
17 and compared to set values stored in, for example, the read-only memory to determine, in
dependence on their preferred directions of transmission, which the directional antennas are
whose transmit power is to be reduced and to trigger an appropriate control of the power
regulation device 16.

Under the control of the control element 17, the power regulation device 16
selects one or various antennas and adjusts their transmit power as a function of th: data
produced by the detector 18.

On reception, when the generated powers are considerably smaller than on
transmission, all the directions of radiation may be used without a danger to the user.

According to a preferred embodiment of the invention, the proximity detector
18 is a passive type of infrared thermometer, capable of measuring the temperature of a body
at a distance of about 20 cm from the detector. A variant consists of the use of a humidity
detector. .
| Preferably, the power regulation device 16 comprises a switch (not shown)
controlled by the control element 17 for individually activating or deactivating the selected
antennas and radically suppressing the contribution of the deactivated antennas whose
radiation diagrém features a lobe in the direction of transmission to be avoided.

Fig. 2 is a perspective view of a radiotelephone comprising a structure of an
antenna operating in the transceiving mode whose radiation diagram, simplified by main
lobes, is represented by dotted lines. The use of separate antennas for transmission and
reception is advocated when the frequency bands used for transmission and recepﬁon
respectively, are too far away for them to be compatible with the passband of the antennas. On
the other hand, the size of the apparatus is to be adapted to accommodate a large number of
antennas, which is actually the case with equipment operating with frequencies in the
gigahertz domain. '

The example illustrated by Fig. 2 comprises a housing 20, a keyboard 21, a
control display 22, an earphone 23, a microphone 24 and an antenna structure comprising four

independent directional transmitting antennas situated inside the housing 20. These antennas
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are-formed by, for example, ceramic discs which form a radiation diagram whose main lobes
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25, 26, 27, 28 point in four orthogonal directions. In lieu of a system with various
independently controllable antennas, one may use an adjustable miniaturized network antenna
of the "phased-array type" like the one described in detail in the manual "Mobile Antenna
Systems Handbook", K. Fujimoto et al., Artech House Inc., 1994, pp. 436-451.

Fig. 3 is a block diagram illustrating the operation of the radiotelephone
represented in Fig. 2. The antennas 30 to 33 are coupled, on the one hand, to transceiver
circuits Tx/Rx by means of a duplexer, and on the other hand to switches 34 to 37 controlled
by a control element puC as a function of data it receives from a proximity detector. The
transceiver circuits known to a person of ordinary skill in the art will not be described here. It
will be simply recollected that a transm1ttmg circuit coupled to an antenna structure includes at
least a ;Sower amplifier. In the case of a plurality of transmitting antennas, the radiotelephone
is to comprise as many power amplifiers and transmitting circuits as there are antennas whose
transmit power is to be controlled independently of the transmit power of the other antennas.

| According to a preferred embodiment of the invention, the detection of human
tissue by the proximity detector 39 triggers the control by the control element pC of the |
appropriate switches for deactivating the antennas whose radiation diagram points to the user's
head. In the example with four antennas represented in fig. 2, the antenna producing the lobe
27 will generally have to be deactivated.

For a use in a propagation medium that gives greater importance to multiple
paths and/or in a region where the density of the network of base stations is high, the
suppression of the transmitting antennas featuring their main lobe in a given hemisphere does
not considerably reduce the visibility of the base stations located in this hemisphere. In fact, in
the first case the multiple reflections of the waves increase their probability to reach their
target and in the second case the communication may be established with another available
base station. Therefore, this embodiment is particularly suitable for a current use in an urban
environment. On the other hand, for any other use, the addition of an omnidirectional antenna
may turn out to be useful to avoid in this case losing contact with the only available base
station.

According to anothér embodiment, each antenna is connected to its own
transmitting circuit and the switches are replaced by attenuators controlled by the control
element to adjust the transmit power of each antenna as a function of the result of the
proximity detection. This embodiment requires that each antenna be connected to an

adjustable power amplifier. As the amplifiers have a high energy consumption, this
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embodiment is reserved to equipment whose power consﬁmption is not critical such as, for
example, base stations of 2 mobile telecommunication system.

~ Fig. 4 illustrates a transmit power control method which can be realized by the
control element 17 répresented in Fig. 1 and integrated with the radiotelephone of Fig. 2 to
control the power transmitted by a directional antenna structure.

The method starts at box K0. In box K1, the power Pgy transmitted by the
radiotelephone is read. This power may be read, for example, on the output of the power
amplifier of the transmitting circuit. In box K2, the value read Pm is tested and compared to a
set value Pyax representing the maximum radiation power considered unharmful to the user. If
the result of this test Pgy > Pumax is negative, the method proceeds with box K3 where all the
antennas are selected without a power regulatlon If the result of the test is pos1t1ve the

method proceeds with box K4, with a measuring sfep for measuring a proximity parameter for

-detecting the presence of a human being in the proximity of the apparatus. Depending on the

preferred embodiment, this step consists of measuring the ambient temperature Tg with the aid
of an infrared sensor sensitive to 2 distance of about 20 cm. The test carried out in box K5
constitutes a comparison step between the measurement Tg carried out in the preceding step
and set values Tyny and Tmax. If the equation Timmy < T < Timax is verified, step K6 is
proceeded to for selecting suitable antennas and regulating their transmit power. If not, box X3
is returned to.

With the aid of examples a communication apparatus, telephony equipment, a
base station and a power control method for modifying the radiation diagram of an antenna
structure as a function of a proximity parameter have been described and illustrated. Of course
it will be possible to provide variants of embodiment without leaving the scope of the
invention, notably as regards the choice of the proximity parameter to be detected and the

choice of the antenna structure used.
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1. A radio communication apparatus comprising;
- a transceiver coupled to an antenna structure featuring a radiation diagram
which antenna structure gives greater importance to certain directions of transmission and
- a power regulation device controlled by a control element for modifyiﬁg said
5 radiation diagram, '
characterized in that the radio communication apparatus comprises a proximity detection
device for measuring at least one proximity parameter and feeding the control element witha -~

proximity indication for controlling the power regulation device.

10 2. An apparatus as claimed in claim 1, characterized in that the antenna structure
comprises a plurality of directional antennas which have each a transmit power in a given
direction and the power regulation device comprises power control means for regulating the
transmit power of the directional antennas.

15 3. An apparatus as claimed in claim 2, characterized in that the power control
means comprise a switch for selectively activating/deactivating one or various directional

antennas.

4, An apparatus as claimed in claim 1, characterized in that the proximity

20  detection device comprises a temperature detector.

5. An apparatus as claimed in claim 1, characterized in that the proximity

detection device comprises a humidity detector.

25 6. Mobile radio equipment suitable for communicating with at least one radio base
station of a radio telecommunication system, said equipment comprising:
- aradio transceiver coupled to an antenna structure featuring a radiation

diagram which antenna structure gives greater importanée to certain directions of transmission

and
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- a power regulaﬁon device controlled by a control element for modifying said

radiation diagram,

characterized in that the equipment comprises a proximity detection device for measuring at

least one proximity parameter and applyihg to the control element an indication of proximity

for controlling the power regulation device.

7. A radio base station of a radio telecommunication system suitable for
communicating with at least one mobile radio terminal, said radio base station comprising:
- aradio transceiver coupled to an antenna structure featuring a radiation

diagram which antenna structure gives greater importance to certain directions of transmission
and

oV

- a power regulation device controlled by a confrol element for modifying.ls' :d
radiation diagram,

characterized in that the radio base station comprises a proximity detection device for
measuring at least one proximity parameter and applying to the control element a proximity

indication for controlling the power regulation device.

8. A power control method for con&olling the power radiated in a given direction
by a plurality of directional antennas which have respective transmit powers, characterized in
that the method comprises the following steps:

- a measuring step of at least one proximity parameter for detecting a presence
of a human being in the proximity of the apparatus,

- a comparison step for corhparison to set values,

- a selection step for selec’.ci_ng at least one directional antenna for regulation of

its transmit power as a function of the result of the comparison step.
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