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(57) A directivity varying type diversity antenna ap-
paratus of the present invention includes a plurality of
nondirectional antenna elements (11 to 1n) arranged at
regular intervals, a receiving antenna determination
means (20) for determining a diversity receiving anten-
na (A1 to A4) by selecting antenna elements (11 to 1n),
arranged in specific positions, from among the plurality
of nondirectional antenna elements and combining the
selected antenna elements, a phase control means (30)
for controlling a relationship in phase between RF sig-
nals of radio waves received by the diversity receiving
antenna (A1 to A4) determined by the receiving antenna
determination means (20), a diversity processing
means (50) for diversity-processing the RF signals
whose phases are controlled and supplying the diversi-
ty-processed RF signals to a tuner (60), and a directivity
varying control means (70) for properly performing an
operation of directivity based on information indicative
of receiving conditions, supplying a first instruction sig-
nal (S2) for changing an antenna element to the receiv-
ing antenna determination means (20) and supplying a
second instruction signal (S3) for changing the relation-
ship in phase between the RF signals to the phase con-
trol means (30) in accordance with a result of the oper-
ation.
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Description

The present invention relates to a directivity varying
type diversity antenna apparatus favorably used as an
antenna apparatus which is to be mounted on an auto-
mobile and the like.

FIG. 14 is a view of the constitution of a prior art
diversity reception type antenna apparatus which is
mounted on the window of an automobile. In FIG. 14,
two antenna elements 101 and 102, which are consti-
tuted of copper-made strips, are meanderingly formed
on the rear window 10 of the automobile. These two an-
tenna elements are capable of receiving a radio wave
of frequency bands adapted to an FM/AM and TV tuner
104 for receiving FM (frequency-modulated), AM (am-
plitude-modulated) and TV waves, and also receiving
an antenna signal necessary for diversity reception.

The antenna elements 101 and 102 are connected
to an FM/AM and TV diversity processing circuit 103.
An RF signal is supplied from the circuit 103 to the tuner
104. The tuner 104 sends out a signal such as an IF
(intermediate frequency) signal for monitoring the re-
ceiving conditions, which is fed back to the diversity
processing circuit 103.

The antenna elements of the above prior art anten-
na apparatus do not change the directivity of an anten-
na. The tuner monitors the receiving conditions such as
interference noise, receiving level, and vertical/horizon-
tal synchronizing state (TV). When the tuner detects ra-
dio disturbance or abnormal electric field strength, its
information is fed back to the diversity processing circuit
103, and one of the antenna elements is switched to the
other whose receiving level is higher. In other words, in
the prior art antenna apparatus, the antenna elements
101 and 102 are simply switched to each other, and
each of the antenna elements does not execute any
specific processing or control in accordance with the re-
ceiving conditions.

Consequently, since a large variety of antenna ele-
ments are arranged on the rear window 10 of the auto-
mobile in order to receive FM/AM and TV waves, there
is strong possibility that even when one of the antenna
elements is switched to the other, the latter antenna el-
ement will undergo a radio disturbance.

It is accordingly an object of the present invention
to provide a directivity varying type diversity antenna ap-
paratus whose directivity is varied with the receiving
conditions of FM/AM and TV waves and which is adapt-
edtothe strength of an electric field in the receiving area
and reduced in noise thereby to always receive the
waves satisfactorily.

To attain the above object, according to one aspect
of the present invention, there is provided a directivity
varying type diversity antenna apparatus comprising a
means for selectively combining a plurality of elements
and controlling phases of the plurality of elements in or-
derto vary a directivity of an antenna in accordance with
a receiving condition when an FM/AM wave and a TV
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wave is received.

According to another aspect of the present inven-
tion, there is provided a directivity varying type diversity
antenna apparatus comprising:

a plurality of nondirectional antenna elements ar-
ranged at regular intervals;

receiving antenna determination means for deter-
mining a diversity receiving antenna by selecting
antenna elements, arranged in specific positions,
from among the plurality of nondirectional antenna
elements and combining the selected antenna ele-
ments;

phase control means for controlling a relationship
in phase between RF signals of radio waves re-
ceived by the diversity receiving antenna deter-
mined by the receiving antenna determination
means;

diversity processing means for diversity-processing
the RF signals whose phases are controlled by the
phase control means and supplying the diversity-
processed RF signals to a tuner; and

directivity varying control means for properly per-
forming an operation of directivity based on infor-
mation indicative of receiving conditions, which is
output from the diversity processing means, supply-
ing a first instruction signal for changing an antenna
element to the receiving antenna determination
means and supplying a second instruction signal for
changing the relationship in phase between the RF
signals to the phase control means in accordance
with a result of the operation.

This invention can be more fully understood from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a block diagram showing the constitution
of a directivity varying type diversity antenna appa-
ratus according to an embodiment of the present
invention;

FIG. 2 is a pattern view of the directivity of the an-
tenna apparatus shown in FIG. 1, when the phase
of each antenna element of the apparatus is
changed into a first state under the specific condi-
tions;

FIG. 3 is a pattern view of the directivity of the an-
tenna apparatus shown in FIG. 1, when the phase
of each antenna element of the apparatus is
changed into a second state under the specific con-
ditions;

FIG. 4 is a pattern view of the directivity of the an-
tenna apparatus shown in FIG. 1, when the phase
of each antenna element of the apparatus is
changed into a third state under the specific condi-
tions;

FIG. 5 is a pattern view of the directivity of the an-
tenna apparatus shown in FIG. 1, when the phase
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of each antenna element of the apparatus is
changed into a fourth state under the specific con-
ditions;

FIG. 6 is a pattern view of the directivity of the an-
tenna apparatus shown in FIG. 1, when the phase
of each antenna element of the apparatus is
changed into a fifth state under the specific condi-
tions;

FIG. 7 is a pattern view of the directivity of the an-
tenna apparatus shown in FIG. 1, when the phase
of each antenna element of the apparatus is
changed into a sixth state under the specific condi-
tions;

FIG. 8 is a pattern view of the directivity of the an-
tenna apparatus shown in FIG. 1, when the phase
of each antenna element of the apparatus is
changed into a seventh state under the specific con-
ditions;

FIG. 9 is a pattern view of the directivity of the an-
tenna apparatus shown in FIG. 1, when the phase
of each antenna element of the apparatus is
changed into an eighth state under the specific con-
ditions;

FIG. 10 is a pattern view of the directivity of the an-
tenna apparatus shown in FIG. 1, when the phase
of each antenna element of the apparatus is
changed into a ninth state under the specific condi-
tions;

FIG. 11 is a pattern view of the directivity of the an-
tenna apparatus shown in FIG. 1, when the phase
of each antenna element of the apparatus is
changed into a tenth state under the specific condi-
tions;

FIG. 12 is a pattern view of the directivity of the an-
tenna apparatus shown in FIG. 1, when the phase
of each antenna element of the apparatus is
changed into an eleventh state under the specific
conditions;

FIG. 18 is a pattern view of the directivity of the an-
tenna apparatus shown in FIG. 1, when the phase
of each antenna element of the apparatus is
changed into a twelfth state under the specific con-
ditions; and

FIG. 14 is a view of the constitution of a prior art
diversity reception type antenna apparatus which is
mounted on the window of an automobile.

(Embodiment)

FIG. 1 is a block diagram of the constitution of a
directivity varying type diversity antenna apparatus ac-
cording to an embodiment of the present invention. As
illustrated in FIG. 1, a plurality of nondirectional (verti-
cally polarized plane wave) antenna elements 11 and
12 to 1n, which are constituted of copper-made strips,
are arranged at regular intervals horizontally on a rear
window 10 of an automobile.

These antenna elements 11 and 12 to 1n are con-
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nected to a plurality of branch terminals of an antenna
selecting switch 20.

The switch 20 includes a reception antenna select-
ing means for selecting a diversity reception antenna by
selectively combining the specifically-positioned ones of
the nondirectional antenna elements. Thus, two or more
antenna elements (four in this embodiment) per one
system, are selected as antenna elements required for
reception, and thus the diversity reception antenna is
selected. The antenna elements A1 to A4 are selected
such that when the wavelength of their received wave
is A, an interval between the antenna elements is A/4.
Since the wavelength varies from received wave to re-
ceived wave, a large number of antenna elements are
provided in advance so as to be selected without any
trouble.

Four RF signals are taken out by the antenna se-
lecting switch 20 and supplied to a phase shifter 30. The
phase shifter 30 is a phase control means for controlling
the phases of RF signals of radio waves received by the
antenna elements A1 to A4 so as to have a predeter-
mined relationship in the phases. If the relationship in
phase between the RF signals is varied, desired direc-
tivity is obtained, resulting in better receiving condition
than that of normal diversity receiving condition.

The RF signals the phases of which are varied by
the phase shifter 30, are mixed by a mixer 40 and the
mixed signal is supplied to an FM/AM and TV diversity
processing circuit 50. The RF signal output from the cir-
cuit 50, is supplied to an FM/AM and TV tuner 60. The
tuner 60 sends a signal such as an IF (intermediate fre-
quency) signal for monitoring the receiving condition,
and this signal is fed back to the diversity processing
circuit 50.

The diversity processing of the diversity processing
circuit 50 is substantially the same as that of the prior
art circuit. However, the circuit 50 outputs an information
signal S1 indicative of the receiving condition, and the
information signal S1 is supplied to a CPU 70.

The CPU 70 includes a directivity varying control
means. The CPU 70 performs an operation to obtain the
optimum directivity based on the information signal S1.
In accordance with the result of the operation, an in-
struction signal S2 for selecting an antenna element is
supplied to the antenna selecting switch 20. Further, an-
other instruction signal S3 for changing a phase rela-
tionship between the RF signals is supplied to the phase
shifter 30.

Thus, the directivity of a selected diversity reception
antenna can be varied. The factors in varying the direc-
tivity are intervals between the selected antenna ele-
ments and the phase relationship between RF signals
generated from the antenna elements.

FIGS. 2 to 13 are pattern views illustrating the di-
rectivity on the horizontal plane when the phase rela-
tionship between the first to fourth antenna elements is
variably set in a predetermined state under the following
specific conditions:
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98MHz
four nondirection-

1) Received frequency

2) Antenna elements in use
al antenna elements A1 to A4

3) Interval between antenna elements
about 750 mm)

4) Directions corresponding to the front and rear of
an automobile 0° to 180° of the pattern views

M4 (:

The phases of antenna elements A1 to A4 in each
of FIGS. 2 to 13 are as follows:

FIG. 2 | Phase of antenna element A1 0.00
Phase of antenna element A2 0.00
Phase of antenna element A3 0.00
Phase of antenna element A4 0.00
FIG. 3 | Phase of antenna element A1 180.00
Phase of antenna element A2 0.00
Phase of antenna element A3 0.00
Phase of antenna element A4 | 180.00
FIG. 4 | Phase of antenna element A1 0.00
Phase of antenna element A2 180.00
Phase of antenna element A3 0.00
Phase of antenna element A4 | 180.00
FIG. 5 | Phase of antenna element A1 0.00
Phase of antenna element A2 90.00
Phase of antenna element A3 | 270.00
Phase of antenna element A4 0.00
FIG. 6 | Phase of antenna element A1 0.00
Phase of antenna element A2 | 270.00
Phase of antenna element A3 90.00
Phase of antenna element A4 0.00
FIG. 7 | Phase of antenna element A1 0.00
Phase of antenna element A2 | 270.00
Phase of antenna element A3 | 180.00
Phase of antenna element A4 0.00
FIG. 8 | Phase of antenna element A1 0.00
Phase of antenna element A2 180.00
Phase of antenna element A3 | 270.00
Phase of antenna element A4 0.00
FIG. 9 | Phase of antenna element A1 270.00
Phase of antenna element A2 180.00
Phase of antenna element A3 90.00
Phase of antenna element A4 0.00
FIG. 10 | Phase of antenna element A1 0.00
Phase of antenna element A2 90.00
Phase of antenna element A3 | 180.00
Phase of antenna element A4 | 270.00
FIG. 11 | Phase of antenna element A1 180.00
Phase of antenna element A2 180.00
Phase of antenna element A3 0.00
Phase of antenna element A4 | 180.00
FIG. 12 | Phase of antenna element A1 0.00
Phase of antenna element A2 180.00
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(continued)

Phase of antenna element A3 | 180.00
Phase of antenna element A4 | 180.00
FIG. 13 | Phase of antenna element A1 0.00
Phase of antenna element A2 0.00
Phase of antenna element A3 | 180.00
Phase of antenna element A4 | 180.00

In the directivity varying type diversity antenna ap-
paratus of the above embodiment, the directivity of the
antenna can be varied in accordance with the receiving
conditions so as to prevent a radio disturbance. That is,
the antenna apparatus of the present invention is of an
active type. Since the directivity is automatically select-
ed in accordance with the receiving conditions, the re-
ception most suitable for the conditions of the receiving
area can be achieved. Consequently, a radio distur-
bance can be avoided with a considerably higher prob-
ability than that in the prior art diversity reception, and
good reception can always be performed.

In the directivity varying type diversity antenna ap-
paratus of the present invention, the directivity diversity
receiving function is added to the current diversity re-
ceiving function. Thus, the antenna apparatus has a
double diversity function.

(Modifications)

The directivity varying type diversity antenna appa-
ratus according to the embodiment of the present inven-
tion can be modified as follows:

i) A diversity receiving antenna is selected using
nondirectional antenna elements arranged at an in-
terval shifted from /4.

i) The antenna apparatus is mounted everywhere
except the window of an automobile.

Claims

1. Adirectivity varying type diversity antenna appara-
tus characterized by comprising a means (20, 30)
for selectively combining a plurality of elements (A1
to A4) and controlling phases of the plurality of ele-
ments (A1 to A4) in order to vary a directivity of an
antenna in accordance with a receiving condition
when an FM/AM wave and a TV wave is received.

2. Adirectivity varying type diversity antenna appara-
tus characterized by comprising:

a plurality of nondirectional antenna elements
(11 to 1n) arranged at regular intervals;

receiving antenna determination means (20)
for determining a diversity receiving antenna
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(A1 to A4) by selecting antenna elements, ar-
ranged in specific positions, from among the
plurality of nondirectional antenna elements (11

to 1n) and combining the selected antenna el-
ements (A1 to Ad); 5
phase control means (30) for controlling a rela-
tionship in phase between RF signals of radio
waves received by the diversity receiving an-
tenna (A1 to A4) determined by the receiving
antenna determination means (20); 10
diversity processing means (50) for diversity-
processing the RF signals whose phases are
controlled by the phase control means (30) and
supplying the diversity-processed RF signals to

a tuner (60); and 15
directivity varying control means (70) for prop-

erly performing an operation of directivity based

on information indicative of receiving condi-
tions, which is output from the diversity
processing means (50), supplying a first in- 20
struction signal (S2) for changing an antenna
element tothe receiving antenna determination
means (20) and supplying a second instruction
signal (53) for changing the relationship in
phase between the RF signals to the phase 25
control means (30) in accordance with a result

of the operation.

The directivity varying type diversity antenna appa-
ratus according to claim 2, characterized in that the 30
plurality of nondirectional antenna elements (11 to
1n) are a plurality of copper-made strip conductors
and arranged at regular intervals horizontally on a

rear window (10) of an automobile.
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