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(54)
the antenna

(57) Receiving apparatus for receiving satellite
broadcasting electric waves to be mounted on a mobile
vehicle is provided with an antenna (1) of which the di-
rectivity pattern can be varied, and with a geomagnetism
sensor (4) mechanically coupled with said antenna (1)
to detect the present orientation of the antenna (1), and
comprising antenna controlling means (5 to 10) by which

Broadcasting receiving apparatus with a geomagnetic sensor to control the directivity of

the directivity pattern of the antenna (1) is directed to-
wards an objective broadcasting satellite based on said
detected orientation output. When an electric wave from
a gap-filler station is to be received, the antenna is con-
trolled to become non-directivity pattern automatically.
For the antenna (1), a microstrip patch antenna having
a plurality of conductive patches arranged in a plane is
used.
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Description
Background of the Invention

Field of the Invention

[0001] The present invention generally relates to a
signal receiving apparatus mainly mounted on a mobile
vehicle but may include a stationary or mobile receiving
site from a signal sent from a satellite and from a ground
transmitter station. More especially, the invention re-
lates to a signal receiving apparatus able to optimize the
receiving signal intensity by varying the directivity of the
antenna according to the receiving location and the re-
ceiving conditions so as to receive a stabilized signal
even if the receiving conditions vary.

Prior Art Description

[0002] Presently planned S-band mobile multimedia
satellite broadcasting system is to use a stationary com-
munication satellite with S-band frequencies i.e. 2.6
GHz band to transmit information contents relating to
data or text, voice and moving pictures etc. to a mobile
apparatus. The system is to realize a communication
link without the need to track the satellite wave by using
a parabolic antenna butis able to receive the radio wave
by a small antenna mounted on a mobile vehicle.
[0003] In the case of the digital satellite broadcasting
for mobile stations, the electric wave from the satellite
may be interrupted when the mobile station is passing
through a tunnel, valley or in a road along a sharply in-
clined area or located between high buildings. So that
for such locations a gap-filler ground facility may previ-
ously be installed and such a gap-filler station retrans-
mits the broadcasting electric wave received from the
satellite. The carrier wave of the broadcasting wave
from the satellite or such a gap-filler station to the mobile
stations may be modulated by QPSK/BPSK (quadrature
phase shift keying / binary phase shift keying).

[0004] For receiving such a broadcasting wave from
a satellite efficiently, the receiving antenna is controlled
so its directivity pattern always directed towards the sat-
ellite (for instance due south in the horizontal plane) by
obtaining relative positional data between the satellite
and the mobile station. In the prior art technique, the
exact location of the receiving station is detected by us-
ing a GPS system and by comparing it with previously
stored data between the location of the satellite and that
of the ground station and to receive an antenna having
an optimum directivity function. Such technique had
been disclosed in Japanese Patent Opened Publication
No. 216794/1994, Japanese Patent Opened Publica-
tion No. 17433/1999 and Technical Report of IECE
A-P97-81 (1997-08) Tsuji, Matsuzawa and lto, etc.
[0005] In case of such a prior system, if the GPS re-
ceiving is not available, an optimum control is not pos-
sible. Such a systemis higher cost. Also, a control based
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on a phased array principle in order to avoid appearance
of multipath signals as far as possible, the number of
the antenna elements should be increased for attaining
an optimum control. In this case, a system depending
on GPS may achieve an ideally detailed beam control
of the antenna reception. However, when considering
public applications, the system itself becomes compli-
cated and hence high cost. Also the GPS signal tends
to be influenced by the weather and location so that in
some instances the receiving becomes not possible.

Summary of the Invention

[0006] The present invention is related to a receiving
apparatus comprising an antenna of which its directivity
pattern can be varied according to the beam direction
and the shape of the beam respectively, a tuner receiv-
ing the electric wave signal from the antenna, a control
unit for controlling the directivity pattern of the antenna
and a geomagnetism sensor for obtaining physical ori-
entation signal of the antenna. The orientation signal ob-
tained from the geomagnetism sensor is fed to the con-
trol unit. The control unit refers the orientation signal
with previously stored data related to the direction of the
satellite to be received and decides on the direction of
the beam pattern of the antenna to be directed and its
beam pattern according to an algorithm previously
stored in ROM or RAM.

[0007] According to the present invention, by control-
ling the directivity pattern of the antenna, detecting the
received level of the electric wave and by the orientation
signal obtained by the geomagnetism signal, an inter-
ruption of the receiving signal can be avoided even if
rotating the direction of the receiving apparatus.
[0008] Also in the system of the present invention,
even at a time when the detection of the direction by the
geomagnetism sensor is unobtainable due to a distur-
bance by an external magnetic field, or by a presence
of obstacles like the presence of a building between the
transmitter and the receiving site so that normal recep-
tion is not possible, the directivity pattern of the antenna
is still directed towards the correct direction by detecting
and identifying such a condition and by using a stored
algorithm for controlling the directivity pattern of the an-
tenna. The interruption by the external disturbance or
by the presence of obstacles can therefore be avoided
and good receiving condition is maintained.

[0009] In a preferred embodiment of the present in-
vention, for the antenna, a microstrip patch antenna
having a plurality of patch elements is used. In this an-
tenna, the physical antenna elements are not rotated
mechanically, but the direction and the shape of the di-
rectivity pattern thereof can be varied by controlling the
phase shift of the received signals fed from the respec-
tive patch elements. The different combinations of the
phase shift of the plural patch antenna array and of the
behavior of the resultant directivity pattern may be pre-
viously stored in the ROM or RAM and a micro-proces-
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sor is used to select one of the combinations. Other than
the microstrip patch antenna, a helical antenna can be
used as antenna type, for instance.

[0010] The switching of the directivity patterns may be
executed at a level higher than the required minimum
signal receiving level of the antenna in order to avoid an
interruption of the communication link.

[0011] When the mobile subject is moving in a very
wide area like an open field or over an ocean, the direc-
tion of the incoming electric wave towards the antenna
may vary depending upon the location of a particular ar-
ea. Accordingly, an a priori area code or other location
information sent to a microprocessor can be used to look
up a stored directivity pattern in the ROM. By arranging
such a system, the directivity of the antenna may be bet-
ter matched with the incoming direction of the electric
signal.

[0012] It is also possible to combine a plurality of
microstrip antennas having respective directivity and
the output signals are combined to form a composite sig-
nal to apply it to the input of the tuner. By forming such
a structure a higher system gain or larger signal to the
input of the tuber can be expected.

Brief Description of the Drawings

[0013]

Fig. 1is one embodiment of the receiving apparatus
according to the present invention shown in block
diagram;

Fig. 2A shows construction of an antenna array of
one embodiment of the present invention in plan
view;

Fig. 2B is a side view of Fig. 2A;

Fig. 3A shows a list of combination of feeding phase
for the antenna elements causing directivity pat-
terns Ato E;

Fig. 3B shows a diagram of horizontal and vertical
patterns respectively of the directivity pattern A;
Fig. 3C shows a diagram of horizontal and vertical
patterns respectively of the directivity pattern B;
Fig. 3D shows a diagram of horizontal and vertical
patterns respectively of the directivity pattern C;
Fig. 3E shows a diagram of horizontal and vertical
patterns respectively of the directivity pattern D;
Fig. 3F shows a diagram of the horizontal pattern
of the directivity pattern E;

Fig. 3G is a diagram showing the relation between
the directivity patterns A to D and the shift angle ¢a
of the embodiment of the present invention;

Fig. 4A shows diagrammatically the construction of
the geomagnetism sensor used in the embodiment
of the present invention;

Fig. 4B shows a diagram representing X axis and Y
axis outputs of the geomagnetism sensor;

Fig. 5A shows one embodiment of the receiving ap-
paratus mounted on a vehicle;
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Fig. 5B shows various directivity patterns to be con-
trolled to meet the direction of the vehicle;

Fig. 6 is a table showing relation between the refer-
ence orientation of the antenna array and the direc-
tion of the satellite in horizontal plane;

Fig. 7A is a horizontal stabilizing mechanism for
mounting the geomagnetism sensor in plane view;
Fig. 7B is cross-sectional view along line II-1l of Fig.
7A; and

Fig. 8 is a flow chart showing the operation of
switching the antenna.

Detailed Explanation of Embodiments

Genera Construction

[0014] Fig. 1 shows a block diagram of one embodi-
ment of the signal receiving apparatus made in accord-
ance with the present invention. The receiving device of
this embodiment is a device for receiving a base band
signal modulated by QPSK or BPSK modulation sys-
tem. Although the device will be explained here as to
receive a signal of QPSK or BPSK modulation, but the
invention is not limited to such a modulation system. The
base band signal is a digital signal obtained by coding
an analog signal such as a music and having a trans-
mission error check function. The frequency of the car-
rier wave is in the S-band, for instance, 2.6 GHz. The
antenna array ANT in the antenna portion 1 comprises
4 patch antenna elements #1-#4 each consisting of a
microstrip patch antenna. The signal received by re-
spective patch antenna element is amplified by respec-
tive one of low noise amplifiers LNA1-LNA4 and than
passing through respective one of phase shifters
PHS1-PHS4 and then combined in a power combiner
11 and obtained as a composite receiving signal at its
output. In this case, by adjusting phases of the phase
shifters PHS1-PHS4, the directivity characteristic of the
antenna array is determined.

[0015] A tuner portion 2 fed with said composite re-
ceiving signal has a function to convert the receiving sig-
nal into an intermediate frequency band signal and to
amplify it in a variable gain amplifier VGA and to produce
output signals having both the | component and Q com-
ponent. In the tuner portion 2, the composite receiving
signal converted into the intermediate frequency band
and amplified is applied to an input of an 1Q mixer. This
IQ mixer is known per se so that a detailed explanation
is omitted. But it controls the composite receiving signal
to be converted into an intermediate frequency band
and amplified to derive the | component signal and the
Q component signal at output terminals thereof respec-
tively. The two signals of | component and Q component
appearing at the two outputs of the tuner portion 2 are
applied to inputs of demodulation part 3 and are respec-
tively processed in A/D converter to be a digital signal
and derived at the output thereof as a digital base band
signal. The demodulator DEM of the demodulation por-
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tion 3 outputs an AGC signal as well as a supervising
signal of the output level. This AGC signal is partly fed
back to the variable gain amplifier VGA of the tuner por-
tion 2. The variable gain amplifier VGA is controlled its
gain by the AGC signal so that the IQ mixer is always
fed with signal of stable level at the input. The AGC sig-
nal is further supplied to an A/D converter 6 in a control
portion and converted into a digital signal, which is fed
to an input of CPU 10 via I/O interface 7 and is used for
controlling the antenna elements.

[0016] In the antenna array ANT of this embodiment,
the receiving signals from the 4 patch antenna elements
#1-#4 are amplified in the low noise amplifiers
LNA1-LNA4, respectively and after passing the respec-
tive phase shifters PHS1-PHS4, derived from the output
of the power combiner 11 to form a composite received
signal. Each of the receiving signals obtained from the
patch antenna elements #1-#4 is given a phase shift of
0° or 180° in the respective one of the phase shifters
PHS1-PHS4. By the given phase shift in the respective
one of the phase shifters, the directivity pattern of the
antenna array ANT is decided. Such a controlling tech-
nique of the directivity pattern had been disclosed by
Tsuji, Matsuzawa, Ito, et al in "Beam Switching Charac-
teristics of a Circular Polarized Wave for Satellite Com-
munication for Mobile Subject" on Electronic Communi-
cation Society / TECHNICAL REPORT OFFICE
A-P97-81 (1997-08). In the above case, a control signal
for giving the phase of the phase shifters or to control it
is based on the outputs (VX, VY) of a geomagnetism
sensor 4. Namely by a direction indicated by the geo-
magnetism sensor 4, the directivity of the antenna array
4 is controlled.

[0017] The geomagnetism sensor 4, delivers voltage
signal components (VX) and (VY) representing geo-
magnetism components X and Y respectively being an
indication of the East-West and North-South direction of
the location on a horizontal plane relative to the physical
reference orientation of the sensor 4. The VX signal and
VY signal are converted into digital value by A/D con-
verters 6 and input to CPU 10 via data bus DATA. The
CPU 10 will calculate and decide the orientation of the
geomagnetism sensor 4 in real time by using the VX sig-
nal and VY signal and the relative orientation angle ¢b
of the sensor 4 against the reference orientation is ob-
tained. The relative orientation angle between the an-
tenna array ANT and the geomagnetism sensor 4 is me-
chanically fixed to have a certain relation from the struc-
ture of the receiving device so that the reference orien-
tation of the geomagnetism sensor 4 is definitely corre-
lated with the reference orientation of the antenna array
ANT. In other words, the CPU 10 will decide the hori-
zontal direction of the satellite ¢a by a relation between
the relative orientation angle ¢b of the geomagnetism
sensor 4 and the reference orientation of the antenna
array ANT and by comparing it with a stored data con-
cerning the satellite direction memorized in the ROM 9.
The CPU 10 is connected to the ROM 9, RAM 8, I/0
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interface and the A/D converter via a DATA bus and an
address bus. ROM 9 stores a program for controlling the
CPU 10 and also a data relating to the satellite direction
and a data of control signal for controlling the phase
shifters for freely varying the directivity pattern of the an-
tenna array ANT. By this, the CPU 10 can vary the di-
rectivity pattern of the antenna array ANT freely based
on the output of the geomagnetism sensor 4.

[0018] As an auxiliary construction, an area code in-
put device 13 is provided. Which device allows the CPU
10to be able to select areal feature for the local variation
of the terrestrial geomagnetism and to vary the directiv-
ity pattern of the antenna array to match the local geo-
magnetism. Even if the output of the geomagnetism
sensor is equal, the directivity pattern of the antenna ar-
ray ANT of the respective antenna portion may be dif-
ferent by the difference of the setting value of the area
code. Forinstance in the United States, a country having
very large geographical area, the area may be sub-di-
vided for instance three sub-areas and in each sub-ar-
ea, the directivity pattern of the antenna array is adjust-
ed in a most suitable manner against the local terrestrial
magnetism. The directivity pattern may be set initially
depending upon the country of delivery of the receiving
device according to the present invention. Although it is
not restricted, this area code input device may be set
initially by the initial destination of the area or name of
the country or states belonging to which area of the ge-
omagnetism or the data may be based on the postal
code or a numeral relating to the local terrestrial elec-
tromagnetic field strength. The input data may directly
set or the data may be derived from area code input
means. The data of directivity pattern of the antenna ar-
ray may be stored in the program of ROM 9 or in a sep-
arate ROM for exclusive use.

[0019] For example, as an actual case of a satellite
seen from a receiving location in an area where the di-
rectivity data of the satellite is previously set is assumed
as horizontal direction ¢r = due south, vertical direction
6 =about45°. In this case, the CPU 10 refers the oriental
data ¢r = in the horizontal direction set according to the
particular feature of the area belonging to the location
being stored in the ROM 9. By this value ¢r and the hor-
izontal direction of the satellite oa measured from the
reference orientation of the antenna array ANT deter-
mined by the signal sent from the geomagnetism sensor
4, a signal for determining the best directivity pattern of
the antenna array ANT for the most suitable receiving
at the time is produced. This signal is sent via I/O inter-
face 7 and phase shifter driver 5 to the phase shifters
PHS-1 to PHS-4. For instance, the phase shifters PHS-
1 to PHS-3 are controlled as 0° phase shift and the
phase shifter PHS-4 is controlled to be 180° phase shift.
By this combination of the phase shift to the phase shift-
ers, the directivity pattern of the antenna array ANT is
determined. Wherein the RAM 8 has a function to store
the data produced from the CPU 10 temporarily.
[0020] As has been mentioned above, the directivity
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of the antenna array ANT is decided by the orientation
output of the geomagnetism sensor 4. The strength of
the receiving signal received by the antenna array ANT
can be evaluated by an AGC signal. This AGC signal is
digitalized by the A/D converter 6 and fed to the input of
the CPU 10 via I/O interface 7. Thus the CPU 10 can
decide on the suitable degree of the directivity of the
antenna array ANT. If it is found inappropriate by refer-
ring to the AGC signal, the CPU 10 will supply a correc-
tion output for correcting the directivity decided by the
orientation output sent from the geomagnetism sensor
4 to the phase shifters PHS-1 to PHS-4.

Construction of the antenna array and the directivity
pattern

[0021] Figs. 2A and 2B show a practical structure of
a single feed circularly polarized wave patch antenna as
one example of the antenna array ANT shown in the an-
tenna portion 1 in the Fig. 1 in plan view (Fig. 2A) and
I-l cross-section taken along line I-I (Fig. 2B) respective-
ly. In this embodiment, the specification of the antenna
is planned that the gain is more than 2.5 dBi at the wave
receiving time from the satellite and more than 0.0 dBi
atthe wave receiving time from the ground gap-filler sta-
tion (ground retransmission device). In this embodi-
ment, the direction of the satellite is assumed as 45°
azimuth angle and as due south in the horizontal plane.
A dielectric substrate 23 of (thickness = 15.7 mm; er =
3.28; tan 6= 0.0025) is used and on one surface thereof
patch antenna elements #1-#4 are arranged in counter
clock-wise order and rotating symmetrical manner by
metal film or foil. Each of the patches is a square form
of 30.3 mm X 30.3 mm and two corners are cut by 3.4
mm depth. The interval between the two patches ar-
ranged oppositely is 45 mm. On the other surface of the
substrate 23, a metal ground plate is arranged. Each of
the core wires of a coaxial cable 25 is connected to a
feed point 21 of the respective patch antenna elements
#1-#4 and the outer conductor of the coaxial cable 25 is
connected to the ground plate. The receiving signal is
fed to the low noise amplifies LNA1-LNA4 shown in Fig.
1 via the coaxial cable 25.

[0022] Inthis embodimentthe geographical reference
orientation of the antenna array ANT is shown by an ar-
row mark 22 which is extending from the center point of
the antenna array ANT towards the patch antenna ele-
ment#2. This reference orientation may be any direction
being decided geometrically depending on the construc-
tion of the antenna array ANT. This reference orientation
is a base for deciding the directivity in the horizontal
plane where the antenna array ANT is located. The size
of the patch antenna is decided by the frequency of car-
rier wave of the receiving signal. In the embodiment, the
patch antenna used is for the case of 2.6 GHz.

[0023] The directivity patterns of the microstrip patch
antenna having 4 patch antenna elements #1-#4 shown
in Figs. 2A and 2B at 2.6 GHz, namely that of the direc-
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tivity pattern A to D corresponding to 0°, 90°, 180° and
270° controlled by the switching of the beam direction
and that E of no directivity, which will be explained by
referring to Fig. 3A to Fig. 3F. The switching of the di-
rectivity patterns is effected by the control of the phase
shifter PHS-1 to PHS-4 shown in Fig. 1 and the matching
or not is evaluated by the supplied power combiner sig-
nal.

[0024] The directivity pattern of the antenna array
ANT may be varied by shifting the respective phase of
the feeding voltage applied to the four patch antenna
elements #1-#4 by the phase shifters. By arranging to
shift the phase by 180° for one of the four patch antenna
elements and to make phase shift as 0° for other three
elements (called as one element counter phase feed-
ing), the directivity pattern becomes to have a peak in
one particular direction. The directivity pattern, A-D
shown in the Table of Fig. 3A show the possible combi-
nation of feeding of the four antenna elements of the
antenna array ANT to have such one element counter
phase feeding. Figs. 3B to 3E show the directivity pat-
terns for each of the above combinations A-D.

[0025] These figures show the directivity pattern in the
horizontal plane in the upper portion of each figure and
in the vertical plane rotated at an azimuth angle of 45°
towards the satellite is shown at bottom portion in each
figure. In each of the figures showing the directivity pat-
tern in the horizontal plane, the direction shown in the
arrow 22 is the reference orientation and assumed as
0°. As shown in these figures, the one element reverse
phase feeding produces a directivity pattern having the
beam peak in a particular direction of 0°, 90°, 180°, 270°
taken from the reference orientation shown by the arrow
22. In this embodiment, the receiving device is one for
use in an S-band mobile multimedia satellite broadcast-
ing. In order to receive a satellite transmission, a 2.5 dBi
antenna gain is required. To satisfy this antenna gain
requirement, the most suitable directivity pattern to the
desired direction of the satellite can be obtained by the
selection of one of the antenna elements reversing the
received phase.

[0026] Also for the directivity pattern in the vertical
plane, as the receiving gain is more than 2.5 dBi in the
azimuth angle from 2-3° to 90°, so that about the azi-
muth angle of 45° of the direction of a satellite a suffi-
cient gain is assured in wide range. Even the receiving
apparatus or the antenna is located in a inclined posi-
tion, for instance located on a slope a sufficient gain is
assured.

[0027] In the table of Fig. 3A, the pattern E is an ex-
ample in which two adjacent elements, for instance #3
and #4 are arranged to be fed 180° phase shift and rest
two elements are arranged as 0° phase shift (adjacent
two elements reverse phase feeding). The directivity
pattern in vertical plane is shown in Fig. 3F. As can be
seen therefrom, beam peak appears at azimuth angle
90° and for such large azimuth angle portion almost no
directivity is seen in the horizontal plane.
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[0028] The required antenna receiving gain is O dBi
for receiving radio wave from a gap-filler (ground re-
transmission station) provided to cover an area not able
toreceive the direct wave from the satellite in the S-band
mobile multi-media satellite broadcasting system. In the
case of two elements reverse feeding as shown in Fig.
3F, it is possible to receive the wave from the gap-filler
which may locate any direction seen from the antenna
array ANT.

[0029] Fig. 3G shows arelation between the receiving
gain dBi of (directivity A, B, C, D) based on a directivity
pattern having the beam peak in different directions (0°,
90°, 180°, 270°) in the horizontal plane in a case of one
element reverse feeding and the horizontal direction of
satellite against the arrow mark 22 being the reference
orientation of the antenna array ANT. As an example, if
the reference orientation of the antenna array ANT
shown by the arrow mark 22 is directed towards due
south, the horizontal direction angel ¢a of the satellite
with respect to the reference orientation i.e. the direction
of arrow 22 becomes as ¢a = 0° and thus the directivity
pattern A is selected and the receiving gain becomes
10 dBi. If the antenna is moved and it becomes ¢a = 45°,
then the receiving gain at the pattern A becomes 5 dBi
and the pattern crosses that of pattern B. If the antenna
further moves and rotates and it becomes ¢a > 45° by
switching the feeding of the antenna elements to as-
sume pattern B, the receiving gain can be held at high
value. Thus in a usual case, by switching the directivity
pattern as A->B—C—D—A, at ¢a = 45°, 135°, 225°,
315°, the receiving gain can be kept always at the high
value.

[0030] The receiving apparatus for the S-band mobile
multi-media satellite broadcasting is requested to have
the receiving gain of 2.5 dBi. However, by arranging the
switching point of the directivity pattern is set at least
2.5 dBi as in the case of the above embodiment, an in-
terruption of receiving may not occur.

[0031] As has been explained hereinbefore, in the re-
ceiving apparatus according to the present invention,
the directivity pattern is controlled so that the receiving
gain for the wave from a satellite will not become lower
than the requested value. If such receiving gain is not
obtainable even by the control of the directivity patterns,
a judgement is made that the area is that the wave from
the satellite is not arriving and the directivity pattern is
switched to the non-directivity one to be able to receive
a wave from a gap filler of which location is indefinite.
When a receiving gain for the wave from such a gap-
filler is also unobtainable, then further switching is ef-
fected to try to receive the wave from the satellite.
[0032] Ifitisarranged to be able toinputan area code,
by using such area code to vary the directivity against
the geomagnetism becomes possible. A table shown in
Fig. 7 shows the horizontal direction of the satellite
against the reference orientation of the antenna array
ANT. In which, the area A corresponds to the aforemen-
tioned explanation. By using the output from the geo-
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magnetism sensor 4, directivity pattern A is assumed
when the horizontal direction ¢a of the satellite against
the reference orientation of the antenna is in between
0-45° and 316°-360°, directivity pattern B is assumed
when it is 46°-135°, pattern C is assumed when it is
136°-225°, and pattern D is assumed when it is 226°-
315°. When the area B or C is selected, by the output
of the geomagnetism sensor 4 a corresponding direc-
tivity pattern is selected when the horizontal direction ¢pa
of the satellite against the reference orientation of the
antennais varied. As for actual example, the area A may
be Tokyo, the area B and C may be Seoul and periphery
and Beijing and periphery, respectively. In this example,
the number of the areas is 3 and the interval between
adjacent areas is assumed as 15°. However, the
number of areas may not be limited and a more larger
number may be applied.

[0033] As mentioned above the signal received in the
respective patch antenna is amplified in the low noise
amplifiers LNA1-LNA4 and after passing the phase
shifters PHS1-PHS4 and combined in the power com-
biner 11 and output as a resultant composite signal. The
phase shifters PHS1-PHS4 are controlled by the phase
shifter driver 5.

[0034] In the above example, four patch antenna ele-
ments are used for the antenna array ANT in the anten-
na portion 1. It is also possible to use a helical antenna
in place of the patch antenna elements. Further a more
number of antenna elements than four elements may be
used. When using the helical antenna element, the gain
may be increased by 3 to 4 dBi.

Geomagnetism Sensor

[0035] Fig. 4A shows an example of construction of
the geomagnetism sensor 4 shown in Fig. 1. This sensor
is a quadrant flux gate type mini-size geomagnetism
sensor made by TDK Corp. (Registered Trademark:
TMS-215/TMS-115). The outer size of the geomagnet-
ism sensor is, for example, 3.2 cm X 2.3 cm and being
compact type. Fig. 4B shows output voltage character-
istics when it is rotated in a magnetic field of 0.30e being
approximately same as the geomagnetism in Tokyo ar-
ea of Japan.

[0036] In the X axis component detecting element 41
and Y axis component detecting element 42 on which a
detecting coil is wound, a strip shaped conductor is pro-
vided along the core threrof and a pulse current pro-
duced by a pulse voltage generating circuit 40 is applied
to the strip shaped conductor. During a very short time
at which the conducting current is reached to a peak val-
ue, the core becomes fully saturated and the permea-
bility of the core material is varied. The magnetic flux of
the geomagnetism having its component parallel to the
core is not passing through the core during the satura-
tion period of the core. But the flux will pass through the
core in the non-saturation period. So that the magnetic
flux of geomagnetism varies alternatively. The variating
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geomagnetic flux in the core can be detected for the par-
allel component of the geomagnetism by peak detecting
circuit 43 and 44 at the time of the peak of the exciting
current by output VX and VY of the detecting caoils.
[0037] Referring to Fig. 4A, assuming that the geo-
magnetism is parallel to the Y axis component detecting
element 42 and that the reference orientation 45 is 0°
rotation angle, the relation of X axis output VX and Y
axis output VY against the rotation angle is shown in
Fig. 4B. VX and VY are output as 2.50V £ 1.0V. This
means that when the reference orientation of the geo-
magnetism sensor 4 is directed towards due south VX
= 2.50V and VY = 3.50V.

[0038] Since it is preferred that the geomagnetism
sensor is so arranged that both the X axis component
detecting element 41 and the Y axis component detect-
ing element 42 are kept in normal direction against the
direction of the gravity, the geomagnetism sensor may
be constructed to be mounted on horizontal stabilizing
means 16. Figs. 7A and 7B show the horizontal stabi-
lizing mechanism 16 mounting geomagnetism sensor 4
in front view in Fig. 7A and a cross-sectional view taken
along one dot chain line Il-Il in Fig. 7B.

[0039] The geomagnetism sensor 4 is mounted on
geomagnetism sensor supporting means 17 having its
center of gravity along the direction of the gravity. This
supporting means 17 is rotatably supported via X direc-
tion rotating means on an intermediate supporting
means 18. Said intermediate supporting means 18 is in
turn supported by the supporting means 19 via Y direc-
tion rotating means 21 having the center of rotation nor-
mal to that of X direction rotating means. The supporting
means 19 is fixed for instance on bottom surface of a
vehicle on a substantially the same plane of mounting
the geomagnetism sensor 4. By this way, even the ve-
hicles or the like mounting the geomagnetism sensor 4
is inclined at a slopy road, the geomagnetism sensor 4
can correctly detect the geomagnetism.

[0040] Figs. 5A and 5B show a practical embodiment
for the mount of the receiving device according to the
present invention on a vehicle and its antenna location
to be controlled the directivity characteristics according
to the turning of the direction of the vehicle. The antenna
array ANT mounted on the roof of the vehicle and the
geomagnetism sensor 4 are so fixed that the reference
orientations 22 and 45 are matched with a predeter-
mined relation. The demodulator portion, tuner portion,
controlling portion or the CPU controlling all these equip-
ments and the like are preferred to be mounted inside
the vehicle. The signal received by the antenna is intro-
duced in inside of the vehicle and received and demod-
ulated at tuner/demodulator portion. The direction of the
beam of the directivity pattern of the antenna controlled
according to the present invention is always directed to-
wards exact south or the neighborhood by switching the
directivity pattern despite the direction of the vehicle.
The geomagnetism sensor may be mounted under-
neath the bottom surface of the vehicle and many mod-
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ification may be possible for the mount of various ele-
ment of the device.

Control Flow

[0041] Fig. 8 shows a flow chart for the control of
switching the directivity pattern of the antenna in the ar-
ray ANT. The following is a brief explanation of the con-
trol flow.

Step 1: The device becomes power-on to reset the
system for the prosecution of the control flow.
Step 2: Initialization of the processor consisting of
the CPU, register (m), etc and write-in the register
m = 0.

Step 3: The CPU read-in the output signals VX and
VY from the geomagnetism sensor after applying
A/D conversion. In this step, a threshold values
(VT1, VT2) for switching the directivity pattern of the
antennais set. The directivity pattern of the antenna
is normally as shown in Fig. 4B, having the A to D
patterns, wherein pattern A is for ¢a = 315°-45°, B
pattern is ¢a = 45°-135°, C pattern is ¢a = 135°-
225° and D pattern is for pa =225°-315° and these
patterns are to be selected and switched.

[0042] Steps 4-1to4-4; by a comparison between the
output signals (VX, VY) and the threshold values (VT1,
VT2) a judgement is made for the incoming direction of
the receiving signal a control signal to obtain a most suit-
able directivity pattern is output by the phase shifters.
[0043] The value of the output signal of the geomag-
netism sensor is defined under a predetermined condi-
tion that the sensor is located horizontally. By this con-
sideration, it is preferred to use the aforementioned hor-
izontal position keeping means for the geomagnetism
sensor. If such means are not provided, tilting of the sen-
sor will result to make the peak value of the output signal
lower. However, even under such circumstances, it is
possible to keep the receiving gain in the required gain
range by adjusting the threshold value against the out-
put signals (VX, VY) of the geomagnetism sensor in or-
der to switch the directivity pattern in time. As can be
seen from the diagram of Fig. 4B, for instance, usually
the threshold value VT1 is 1.8V and the threshold value
VT2is 3.1V. Butif the value VT1 is changed to 1.9V and
the value VT2 is changed to 3.1V, it becomes to possible
to respond smaller value of peak of the sensor signal
output. However, the switching direction will become dif-
ferent from the normal exact angle of ¢a = 45°, 135°,
225°, 315°. In such case, by considering the width of
the directivity of the antenna, the required value can be
satisfied. It is also possible to obtain a best receiving
condition by selecting the threshold values depending
upon the condition of the broadcasting and the environ-
ment of location of the receiving device.

[0044] When the directivity pattern of the antenna is
selected either one of A-D, the system goes to step 5.
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In this step 5, the AGC signal (VL) output from the de-
modulator as a supervising signal is read-in. In step 6,
said AGC signal (VL) is compared with a threshold value
(Rh) for switching. This threshold value (Rh) means a
signal corresponding to the receiving gain of a selected
directivity pattern at the time of ¢pa = 45°, 135°, 225° and
315°. Where if the AGC signal (VL) is larger than the
threshold value (Rh) the process goes again to the step
5 and m =1 is written in the register. Namely, if the AGC
signal (VL) is larger than the threshold value (Rh), the
directivity selected then is maintained.

[0045] When by some reason, if the AGC signal (VL)
can not exceed the threshold value (Rh), process goes
to step 7. In the step 7, the AGC signal (VL) can not
exceed the threshold value (Rh), but if the receiving gain
is higher than that required for the antenna for receiving
S-band mobile multi-media satellite broadcasting sig-
nal, it is assumed that the receiving gain had decreased
by the moving of the receiving location of the receiving
device and the process moves to step 3 and the suitable
directivity is selected again in the step 4.

[0046] However, if AGC signal (VL) can not exceed
the threshold value (Rh) and also the receiving gain is
smaller than the receiving gain R1 required for the S-
band mobile multi-media satellite broadcasting, a judge-
ment is made that the area is unable to receive the wave
from the satellite and moves to step 8 and to change to
horizontal plane non-directivity E in order to receive a
wave from the gap-filler station. For obtaining the hori-
zontal plane non-directivity, the phase shifter is so con-
trolled that to realize two adjacent elements reverse
feeding.

[0047] Thenmovestostep 9, and the AGC signal (VL)
is read-in again and in order to receive the wave from a
gap-filler, this value is compared with the required value
(R1) for the antenna in step 10. If the AGC signal (VL)
is larger, moves to step 9 again to maintain the pattern
E. Again M = 1 is written in the register.

[0048] Here, if the AGC signal (VL) becomes smaller
than the value (R1) corresponding to the required re-
ceiving gain for the antenna for receiving the electro-
magnetic wave from the gap-filler, then moves to step
11 to check the condition of the register and if m = 1
again moves to step 3 to search whether or not the re-
ceiving is possible by the directivity at that time.
[0049] Inthe situation that both the satellite signal can
not be received and even switching to receive the wave
from the gap-filler no reception is possible. In this case,
when checking the condition of the register in step 11,
and then m = 0. In this case not moving to step 3 but
moves to step 12-1 to 12-4. At this step, a successive
scanning from receiving pattern A to receiving pattern
D and the receiving condition is checked in steps 9 and
10, respectively. At this step if the wave from the gap-
filler satisfies the condition, the receiving gain in any of
the directivity patterns, the condition is maintained.
[0050] The receiving pattern with directivity has the
peak of reception sensitivity in a particular direction. So
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that there is a possibility to be able to receive the wave
from a remote gap-filler rather than the usual receiving
pattern for receiving the wave from a gap filler near by
which is a non-directivity in the horizontal plane. This
process is just an auxiliary one and it is used both when
the selection is made for a receiving pattern using the
geomagnetism sensor to receive wave from the satellite
or when switched to receive the wave from a gap-filler.
Both cases are only the ones that the wave is unreceiv-
able.

[0051] If the aforementioned area code input means
are used, it is possible to directly read out the most re-
cently set area code in step 2. If the code has not been
set, it may be possible to ask the user to input the area
code.

Effect of the Invention

[0052] In accordance with the present invention, the
directivity of the antenna is switched by detecting the
direction by the geomagnetism sensor and the receiving
signal level by AGC so that even if the receiving device
rotates its direction, a same receiving condition is main-
tained without interruption.

[0053] Under a condition that the wave from satellite
is unreceivable, by switching the directivity suitable for
the reception of the electromagnetic wave sent from a
ground retransmission station, the interruption can be
kept minimum. A switching in the reverse direction is al-
so possible.

[0054] Even if the geomagnetism sensor is not able
to detect a correct direction by an outer disturbance
such as an architectural magnetic field, it is possible to
scan and find an available directivity pattern of the an-
tenna to minimize the interruption of receiving.

[0055] By giving directivity for the antenna towards
the transmitting station, the gain will have a more toler-
ance and the receiving limit against the attenuation of
the electromagnetic wave by the weather like rain or
snow can be made higher.

Claims

1. Receiving apparatus for receiving satellite broad-
casting electric wave at least comprising an anten-
na able to have a plurality of different directivities of
the antenna, a tuner being fed with receiving signal
of the antenna, a processor for controlling the an-
tenna and for producing an antenna control signal
for deciding one directivity pattern among the plu-
rality of directivity patterns and a geomagnetism
sensor,

wherein said geomagnetism sensor produces
a direction signal indicating a predetermined phys-
ical reference orientation of the antenna, and

said processor generates said antenna con-
trol signal based on said direction signal.
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Receiving apparatus as claimed in claim 1, wherein
said antenna comprises of a plurality of conductive
elements such as a micro-strip patch antenna array
arranged in one plane.

Receiving apparatus as claimed in claim 1, wherein
said antenna comprises of a plurality of conductive
elements such as helical antenna array.

Receiving apparatus as claimed in claim 2, wherein
the receiving electric wave signal derived from each
of said plurality of conductive elements is combined
after passing each of respective phase shifters to
form a composite wave signal for the tuner for de-
ciding the directivity of the antenna, and said phase
shifters are controlled by said antenna control sig-
nal produced from said processor.

Receiving apparatus as claimed in claim 3, wherein
the receiving electric wave signal derived from each
of said plurality of conductive elements is combined
after passing each of respective phase shifters to
form a composite wave signal for the tuner for de-
ciding the directivity of the antenna, and said phase
shifters are controlled by said antenna control sig-
nal produced from said processor.

Receiving apparatus as claimed in claim 4, wherein
said phase shifters are so formed that to apply at
least 180° and 0° phase shift for the respective re-
ceiving electric wave signal fed from each of the plu-
rality of patch elements.

Receiving apparatus as claimed in claim 5, wherein
said phase shifters are so formed that to apply at
least 180° and 0° phase shift for the respective re-
ceiving electric wave signal fed from each of the plu-
rality of patch elements.

Receiving apparatus as claimed in claim 1, wherein
the geomagnetism sensor produces two detection
signals from two detection axes normal to each oth-
er as the direction signals on the horizontal plane
and outputs the detection signals.

Receiving apparatus as claimed in claim 1, wherein
said processor comprises a memory for memorizing
control signal corresponding to patterns of directiv-
ity which the antenna can assume and decides the
directivity pattern to be taken by the antenna based
on the direction signal fed from the geomagnetism
sensor and the processor produces and outputs a
control signal to let the antenna to assume the de-
cided directivity pattern.

Receiving apparatus as claimed in claim 1, wherein
said processor responds to strength of the receiving
electric wave and outputs antenna control signal to
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1.

12.

13.

14.

15.

16.

17.

16
let the antenna to assume non-directivity pattern.

Receiving apparatus for receiving electric wave
sent from a ground transmitter station and from a
broadcasting satellite, comprising an antenna for
receiving at least the electric wave from the ground
transmitter station and from the broadcasting satel-
lite, means for detecting present orientation of said
antenna, directivity control means for said antenna
based on an output signal of said orientation detect-
ing means, and signal receiving means for signal
delivered from the antenna,

wherein said antenna is formed of a plurality
of antenna elements, and the apparatus comprising
phase shift means for shifting phase of feeding cur-
rent at each feeding point of said antenna elements,
and said control means for antenna apply a control
signal based on an output of said orientation detect-
ing means to said phase shift means to decide the
directivity pattern of the antenna.

Receiving apparatus as claimed in claim 11, where-
in said orientation detecting means is a geomagnet-
ism sensor.

Receiving apparatus as claimed in claim 11, where-
in said control means outputs a control signal to let
the antenna to assume non-directivity pattern in re-
sponse to the strength of receiving broadcasting
wave.

Receiving apparatus as claimed in claim 1, wherein
each of the plurality of directivity patterns of which
the antenna can assume has peak of gain in a hor-
izontal plane in different direction each other, and
the directivity pattern is switched based on a thresh-
old value being a level higher than a minimum re-
ceiving gain requested by the antenna.

Receiving apparatus as claimed in claim 11, where-
in each of the plurality of directivity patterns of which
the antenna can assume has peak of gain in a hor-
izontal plane in different direction each other, and
the directivity pattern is switched based on a thresh-
old value being a level higher than a minimum re-
ceiving gain requested by the antenna.

Receiving apparatus as claimed in any of the pre-
ceding claims,

wherein the geomagnetism sensor is mounted on a
horizontal position stabilizing device.

Receiving apparatus as claimed in any of the pre-
ceding claims,

wherein an area code input device is provided to
adjust locational error of geomagnetism in a very
wide area.
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