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/*. DIGITAL INFORMATION RECEIVER FOR VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the -Invehtion

This invenfion relates to a éigita’l information
receiver for a vehicle using a di§ersity anfenna system.
2. Des_cribtion of the Related Art -

Recently, digital information media such as an
FM multiplex broadcasting have been developed and they
have .becoine useful information sources of traffic,
weather forecast and so forth. Under these

circumstances, various types of digital information

receivers are being developed.

FIG. 18 is a schematic drawing showing a block

‘diagram of the ccnventicnal multiplexed text receiver

using a diversity antenna system disclosed in Japanese
Unexamined Patent Publication HEI 4-133587. In this

figure , reference numeral 1 denotes a group of antennas

. each of which has a different beam_pattern, reference

numeral 2 denotes an -antenna switching circuit which
switches antennas of the antenna group 1, reference
numeral 3 denotes a feccption circuit which performs
reception processing such as detection of radio waves

received by an antenna switched by the antenna switching

- circuit 2, referencé numeral 4 denotes a multiplexed text
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decoder which reproduces multiplexed text signals from
imége signals detected by reception circuit 3, reference
numeral 5 denotes an error rate detection circuit which
detects an err'or' rate when the multiplexed text signals
are reproduced, reference numerél 6 denotés a éontroller
which instructs the antenna switching circuit 2 to select
an antenna among antenna group. 1, reference numeral 7
denotes a speed sensor which detects é speed of a car in
which the receiver is installed. In this diversity
antenna syétem, each time the receiver reco'gpé.zes_
stoppage of the car by' the speed sensor 7, t;xe controller
6 instructs the antenna switchiné circuit 2 to switch 'l;o
an antenna receiving a signal of .the lowest error rate
among antenna group 1 for the pﬁrpose of obtaining
multiplexed te;:t data which have low error rate.

However, the car moves in the circumstance in which many
radio waves, eéch of which has a different amplitude and
a different phase, are superimposed each other.
Tﬁerefore, it is disadvantageous to select an antenna
when the car stops and to use that antehna for rec'eiv;'mg
signals even after the car begins to mpire. The above
described receiver does not effectively utilizes the
antenna diversity because the receiving conditions

C:ontinuously vary while the car moves.
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Another conventional apparatus employs a

.-diversity systém in which an antenna receiving a signal

of the highest signal. strength is seiected.

Further, In case antennas are switched depénding
only on signal strength, the real effect of the diversify
antenna is not shown because the receiver does not

evaluate quality of received digital information

-contained in broadcasting waves.

" Moreover, antenna switching for following the
continuous change of receiv:%.ﬁg condition may cause |
diversity noise. which makes :-the receiving condition
worse depending on thiclé speed.

The above conventionél receivers have the
following defects.

First of all, when the recéiving condition
continuously varies while the vehicle is moving, antenna
switching based only on the signal strength has a
possibility that an optimal antenna is not necessarily
selected bécause quality of received digital information
is not directly evaluated.

Secondly, antenna switching baéed only on the
error :oate cannot follow the ever-changing circumstances
of the véhicle. Therefore, there ié a possibility that

when an antenna is selected, the other antenna may be
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better than the selected antenna.
Finally, antenna switcixing for following the
cdntinuous change of receiving condition may cause
diversity noise which makes. the receiving condition

worse depending on vehicle speed.

SUMMARY OF THE INVENTION

The present invention is made in order to solve

the above problems and accordingly the object of the

invention is to obtain a digital information receiver for

vehicle capable of selecting an optimal antenna
precisely in order to acquire digital information

received at a low error rate.
.In order to achieve the above object, a digital

i:iformation receiver of the invention includes a

‘plurality of antennas; an antenna selector which selects

one of the antennas according to an external instruction

signal; means for performing reception processing to a

signal including digital information, received by an .

antenna selected by the selecting means; means for
demodulating the digital information included in the
rec.eived signal; means for detecting an error rate of thé
démodulated digital information; means for detecting a |
signal strength of the received signal; and means for

controlling the antenna seiector through sending the
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external instruction signal such that an antenna
selection mode is selectively performed between a signal

strength based antenna selection mode in which an antenna

 is selected which receives a signal of the highest signal

strength and an error rate based antenna selection mode
in which an antenna is selected which receives a signal
of the lowest error rate.

| The switching f£from one antenna seiecticn mode to
another antenna selection. mode is performed based on a

speed of the vehicle, an error rate of the received

- signal, a signal strength of the received signal, or a

current poéition of the vehicle.

Further, the switching from one antenna
selection mode to another antenna selection mode is
performed such tha't; the more the speed increases, the-
more rarely the mode is changed. This reduces diversity

noise which is caused by switching an antenna too

frequently.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block_ diagram showing a structure of
a digital information receiver for vehicle as the
embodiment 1 of the invention.

FIG. 2 is a flow chart showing géneral operations

of the embodiment 1 of th_e invention.
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FIG. 3 is a flow chart showing detaiied operation
of the embodiment 1 of the invention.

FIG. 4 is a graph showing a moving speed of
véhicle, a signal indicating a diversity mode, signal
strengths and error rates of signals received by antennas
A, B, and antenna selection carried out in embodiment 1

FIG. 5.is a block diagram showing a structure of
digital information receiver as embodiﬁent 2 of the
invention.

FIG. 6 is a flow chart of the detailed operations
of ..the embodiment 2. -

FIG. 7 is a block diagram showing a structure of
a digital information receiver as embodiment 3 of the
linvention.

FIG. 8 is a flow chart showing the operai:ions of
the embodiment 3 of the inventitl:an._ |

FIG. 9.is a block diégram showing a s-tructure of
a digital info:ination ::ece;iver as embodiment 4 of the
invention. |

FIG. 10 is a flow chart showing the operations of.
the embodiment 4 of the invention.

| FIG. 11 is a_' flow chart showing fhe operations of
the embodiment 5 of the invention.

FIG. 12 is a flow chart showing the operations of
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the embodimeﬁt 6 of the invention.
FIG. 13 is a flow chart showing the operations of
the embodiment 7 of the invention.
FIG. 14 is a flow chart showing the operations of
the embodiment 8 of-the-ihvention.
FIG. 15 is a flow chart shbwing the operations of

the embodiment 9 of the invention.

FIG. 16 is a flow chart showing the operations of
the embodiment 10 of the invention.

?IG. 17 is a flow chart showing the operations of

the embodiment 11 of the invention. _

' FIG. 18 is a block diagram showing a structure of

the conventional receiver.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the present
invention will be explained in detail with reference to

the drawings.

EMBéDIMENT 1.

FIG. 1 is a block diagram shdwing’ a struci:ure of
a digital information receiver for a vehicle as an
embodiment of the invention. The same reference numerals

are attached to the same or similar portions as those of

'FIG. 18 and corresponding explanations are omitted.
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The reception circuit 30 amplifies _and detects
radio frequency signals such as FM (Frequency -
Modulation) mutiplexed text broédcasting si:'gnals, which
are received by an antenna selected by the antenna
switching circuit 2. The reception circuit 30 has the
band pass filter 31 which‘splits the detected signals
into an audio signal.band and a digital information band.
The audio signals are amplified by stereo amplifier 40
and sounds corresponding to the audio signals are
outputted from loud speakers 51 and 52. The digital data

band signals extracted by the band pass filter 31 are

demodulated into digital data by the data demodulation

circuit 60. These digital data are inputted to the error
correction circuit 70 and an error correction for these
data is performed. The error corrected data are inputted
to the controller 80. The contrloller 80 includés the
input port Bl for inputting data, the CPU (Central
Processing Unit) 82 which performs a pre;ietermined
control program and the output port 83 for 6utp_utting
data. The controlle_r 80 performs control procesées for
antenna switching.

Based on a result of error correction made by the
error correction circuit 70, the error rate detection

circuit 5 detects an error rate and this error rate is
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inputted to the controller 80. The signal strength
detection circuit 90 detects an electric field strength
based on the radio frequency signals inputted td the
reception circuit 30 and the electric field streng'_th is
inputted to the input port 81‘ of the cqn'l;roller 80. The
key 100 is connected to input port 81 of the controller
80 for giving an instruction of a receiving frequency
selected by a user to the receiver. The speed sensor 7
which detects a speed_of the vehicle is also connected to
the input port 81 of the controller 80. The memory 110
for storing demodulated .digi"t:ai data and the display 120
for dispiaying the digital data are connected to the
controlller 80.

_ At first, general operation of the above .digital
information receiver will be explained with reference to

the flow chart of FIG. 2. When the power is put on, a

'series of initialization operations such as setting

default receiving frequency is performed at step ST201. _
At step ST202, whethe;: there is an input to the key 100 or
not is checked.

If theré is an input td the key 100, necessary

procedures corresponding to the input such as a channel

| .selection will be carried out at step ST203. If there is

no key input at step STZOZ, digital data reception
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processing is carried out at step ST204. The_recepfion—
proceésed data are displayed on the screen of the display
120 at step ST205. Aftér that, an optimal antenna is
selected among antenna group 1 by carfying out diversity
processing at step S5T206. Then the sequence-moves to step
ST202.

Next, detailed operation of the di{reréity
processing at step ST206 of FIG. 2 will be explained with
reference to FIG. 3_. The controller 80 detects a moving
speed of the irehiclé by reading the output of the speed
sensor 7 at step ST301. The detecfed moving speed V is
compared with thé predetermined value Pl at step ST302.
If the detected speeé V is greater than the predetermined
value P1l, an antenna receiving a signal of the highest
signal strength is selected based on.a signal strength
obtained bj the signal strength detection circuit 90 at
step ST303. The current antenna is switched to the
selectéd antenna at step ST304.

Moving speed V is less than or equal to the
predetermined value P1 at step ST302, an antenna
receiving a signal of the lowest errof rate is selectéd
at ST305. The current antenna is switched to the selected
antenna at step ST306.

As s_hown in FIG.2, this diversity processing is
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repeated so that an.optimal antenna selection may be
pérformed corresponding to a moving speed of the vehicle.
Namely, antenna selection is carried out based on a
received signal strength.when the moving speed V is
greater than the predetermined value P1, while antenna
selection is carried out based on a received signal error
rate when the moving speed V is less than or equal to the
prédetermined value Pl. Because the certain amount of
time is necessary for calculating an error raté, when
receiving ;:ondition varies so much as moving at a high
speed, antenna selection based on an error réfe is often
- not appropriate. In this embodiment, when a moving épeed
of the vehicle is high, antenna selection is carried out
based on the received signal strength._

FIG. 4 is a graph showing a moving speed of
vehicle, a.signal indicatiﬁg a diversity mode; signal
strengths and error rates of signals received by antennas
A, B, and antenna sélection.when.the above operations are
carried out. As shown in this figure, 'antenna A or
antenna B is selected while a signal strength based
diversity mode and an error rate based diversity'mode are
being switched corresponding to a moving speed of the

vehicle.

EMBODIMENT 2.
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FIG. 5 is a block _diagram showing a structure of
digital information receiver as another eﬁlbodiment of
the invenfion. The same reference numera]_.s are attached
tc_> the same or similar portions as those of FIG. 1 and
éorresponding explanations are omittéd. To the input

port 81 of the controller 80 is connected the input

device 130 which inputs an instruction from a user as to

which mode is selected between a mode in which an antenna
is selected based.on a receiv.ed signal strength and a
mode in which an antenna isis_élected based on an error
rate. ‘

The diversity operation of the above receiver
;vill be explained with reference to the flow chart of
FIG. 6. 'i‘he controller 80 che'cks whether a signal

strength based mode is selected or an error rate based

| mode is selected at step ST601. If the input device 130

indicates a signal strength based mode, an antenna
receiving a signal of the highest signal strength is
sélected based on the signal strength obtained from the
signal strength detection circuit 90 at step ST602 and

the current antenna is switched to the selected antenna

‘at step ST603. If the input device 130 indicates an error

rate based mode, an antenna receiving a signal of the

lowest error rate is selected at step ST604 and the
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durrent antenna ié switched to the selected antenna at
step STSOS. Therefore, an antenna can be selected in a
mode considered more appropriate to the current

receiving condition by a user after the user checks both

of the modes.

EMBODIMENT 3.

FIG. 7 is a block diagram showing a structure of
a digital in.formation receiver as another embodiment of
the invent:'i.g':r'x; The same reference numerals are attached
to the same':'or similar portions as those of FIG. 1 and
correspondihg explanations are omitted. In this figure,
the current position detection device 140 such as GPS
(.Glob_al Positioning System) .is connected to the input
port 81 of the controller 80.

The diversity operation of this embodiment will
be explained t_&ith reference to the flow chart of FIG. 8.
The controller 80 obtains the current position
informatioﬁ from the current position detection device
140 at step ST801. Based on this information., the |
controller checks whether the vehicle is in an urban area
where the vehicle is obliged to' move at a relatively low
speed or it is in a rural area or a highway whére the
vehicle can move at a relatively high speed at step

ST802. If the controller B0 recognizes that the vehicle
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is in a rural area or a highway, an anfe'nna receiving a
signal of the highésf signal strength is selected bas'ed.
‘on a ;ignal strength obtained from the signal strength
detection circuit 90 at step ST803 and the current
antenné is switcﬁed fo the selected antenna at step
ST804. On the other hand, if the controllef 80 recognizes
that the vehicle is 'in an urban area, an antenna |
receiving a signal of the lowest error rate is selected
ba#ed on an error rate obtainéd from thé error rate
detection circuit 5 at step ST805 and the current antenna
is switched to the selected antenna at step ST806.
Therefore, an antenna selection can be performed
depending on geographical features of the area in which
the vehicle m'ove.s. In this emboditﬁent, an antenna
selection mode is decided based on the positiozi of the
véhicle in a map without meas_uring ‘a real speed of the
vehicle because an appréximate speed of the vehicle is
.known to some éxtent depending on whether the vehicle ié
‘in an urban area or in a rural area.

An antenna selection may also be carried out bj
calculating a speed of the vehicle from position
information obtained by the current position defection

device 140 as shown in the embodiment 1.

EMBODIMENT 4.
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FIG. 9 is a block diagram showing a. struc*f:ure of
a digital information receiver as another embodiment of
the invention. The same reference numerals are attached
to the samé or sin;ilar portions as those of FIG. 1 and
corresponding explanations are omitted::-,;\s shown in FIG.
9, the digital information receiver of this embodiment |
has the same structure as the receiver of embodiment 1
except that the speed sensor 7 is excluded. Further, the
operational program of the CPU 82 of the control'ier 80 is
different from that of | the emﬁodiment 1.

The diversity operation of this embodiment will
be explained with reference to the flow chart of FIG.
10.

At first, the controller 80 checks whether a
signal si:rength based mode in which an antenna is
selected which receiveé a signal of the highest signal
stréngth is selected or an error rate based mode in which
an antenna is selected which receives a signal of the
lowest error rate is selected at step ST1001. If the
signal strength based mode is selec;ted, the coﬁtroller 80
checks whether the error rate is greater than the
predetermined valuel P2 or not at step ST 1002.. If the
error rate is less than or equal to the predetermined

value P2, the controller 80 sets the error counter zero



e

-16~
af step ST1003 and the sequence moves to the step ST
1006. On the other hand, if' thé error rate is greater
than the predetermined value P2, the error counter is
in¢remented by one at step ST1004. The controllexr 80
checks whether the error counter value is greater fhan
the predetermined value P3 or not at step ST1005. If the
error counter valge is greater than the predetermined
value P3, the cui'rent mode is switched to an error rate
based mode at step S'I'1008. and the sequence moves to stép
ST1013. On the other hand, the error counter vaiue is
less than or egual to the predetermined value P3, an
antenna is selected which receives a signal of the
highest signal. strength based on_the signal strenéth
detection circuit 90 at step ST1006 and the current
antenna is switched to_the selected antenna at step
ST1007. |

On the other hénd, at step ST1001, an error rate
based mode is selected, the contr_bller 80 checks whether
the error rate obtained from the error rate detection
circuit 5 is greater than the predetermined value P4 or
not at step ST1009. If the error rate is less than or
equal to the predetermined value .P4, the controller sets
the error counter. value zero at step ST1010 and the

sequence moves to step ST1013. On the other hand, - the
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error rate is greater than the predetermined value P4,
the error counter is incremented by one at step ST1011.
The cqntroller 80 checks whefber the error counter value
is greater then the predetermined value PS5 or nbt a‘i: step
ST1012. If the error counter value is greater than the
predetermined value PS5, the current mede is switched to
‘the signal strength based mode at step ST1015 and the
sequence moves to step ST1006. The operations of step
ST1006 an_d ST1007 are done in the same way as explained
above. At step ST1012, if the error counter value is less
than or equal to the predetermined value P5, an antenna
is selected which receives a signal of the lowest error
rate based on the error rate obtained by the error rate
detection circuit 5 at step STlOiS and the current
antenna is switched to the selected antenna at steé
ST1014.

By repeating the above operat_ions, in eaeh mode,
.if the error rate is kept below a certain level for a
certain period of time, entenhe selection i.s perforr;xed in
the ether mode. In this embodiment, a speed sensor is.not

. required.

EMBODIMENT 5.
FIG. 11 is a flow chart showing the operation of

a digital information receiver as another embodiment of
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the invention. .Tﬁe structure of this digital information
| receiver is basically the same as that shown 1n the FI1G.
1. However, the operational program of the CPU 81 of
| controller 80 is different from that of the embodirﬁent 1.

At first, the controller 80 checks w_hether a
signal strength baseé mode in which an ‘antenna is
selected which receives a signal of the highe#t signal
strength is selected or an error rate based mbde in which
an antenxia is selecteé which receives a signal of the
lowest error rate is selected at step ST1101l. If the
signal strength based mode is selected, the controller 80
checks whether the error rate is greater than the
predetermined value P2 or not at step ST 1102. If the
error rate is less than or equal to the predetermined
value P2, fhe controller 80 sets the error counter zero
at step ST1103 and the sequence moves to the step ST
- 1107. On the other hand, if the error rate is greater
than the predetermined value P2, the error counter is
increinented by one at step ST1104. The controller 80
changes the thresholdlvalue P3 of the error counter
corresbonding to the speed deteéfed by speed Sensqr 7 at
step ST1105.

Namely,.the threshold value P3 is increased as fhe

detected speed increases. The controller 80 checks
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whether the error counter value is greater than the
threshold value P3 or not at step ST1106. If' the error
couhter value is greater than the threshold va_lﬁe P3, the
current mode is switched to an error based mode at step
ST1109 and the sequence moves to step ST1115. On the .
other hand, the error counter value is less thah or equal
to the threshold valﬁe P3, an antenna is sel_ected whicﬁ
receives a signal of i_:he highest sighal strength based on
the signal strength detection circuit 90 at step ST1107
and the current antenna is switched to the selected
antenna at.step ST1108.

| On the other hand, at stép ST1101, an error based
mode is selected, the controller 80 checks whether the
error rate obtained from the error rate detection circuit
5 is greater than the threshold value P4 or not at step
ST1110. If the error rate is less than or equal to the
threshold value P4, the controller sets the error count_er
value zero at step ST1111l and the sequence moves to s'tep
ST1115. On the other hand, :the error rate is greater than
the value P4, the error counter is incremented by one at
step' ST1112. The controller 80 changes the thresho.ld
value P5 of the error counter corresponding to a speed
detected by the spéed sensor 7 at step ST1113. Namely,

the threshold value PS5 is increased as the detected speed
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increases. The controller 80 checks whether the error

counter value is greater than the threshold value PS5 or

' not at step ST1114. If the error counter value is greater

than thé threshold vaiue P5, the current mode is
switched to the signal strength based mode at step ST1117
and the sequence moves to step ST1107. The opérations of
step ST1107 and ST1108 are done in the same way as
explained above. At step S'1"'1114,' if the erroi' counter
value is less than or équa_l to the threshold vaiue P5, an
antenna is seiected which receives a signal of:;i::'he lowest.
erroxr rate based .on the error rate obtainéd by'.the error
rate detection circuit S5 at step ST1115 and the current
antenna is switched to the selected antenna at step
ST1116.

By repeating the above operationé, an antenna
selection mode is switched at a timing correspondihg to a
speed of the vehicle thereby an qptimal antenna is
selected. Further, in this embodiment, the more the speed
increases, the more rarely the mode is changed. This
reduces diversity noise which is caused by switching

antenna too frequently.

EMBODIMENT 6.
FIG. 12 is a flow chart showing the operation of

a digital information receiver as another embodiment of
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the invention. The structure of this digital information
receiver is basically the same as that shown in the FIG.-
1. However, the operationa_l program of the CPU 81 of the
controller 80 is different from that of the embodiment 1.

At first, the controllexr 80 checks whether a
signal strength based mode in which an antenna is
selected which receives a signal of the highest signal
strength is selected or an error rate based mode in which
an antenna is selected which receives a signal of the
lowest error rate is selecteé.:ét step ST1201. If the
| signal strength based mode :n.s selected, the threshold
value P2 of the error rate is ‘changed corresponding to a
- speed detected by the speed sensor 7 at step ST1202.
Namely, the threshold value P2 is increased as the
detected speed increases. the controller 80 checks
whether the error rate is greater than the threshold
value P2 or not at step ST 1203. If the error rate is less
than or equal to the threshold value P2, the controller
80 sets the error counter zéro at step ST1204 and the
sequence moves to the step ST1207. On thé other hand, if
the error rate is greater than the threshold value P2,
the error counter ié incremented by one at step ST1205.
The controller 80 checks whether the error counter value

is greater than the predetermined value P3 or not at step
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ST1206. If the erroi' counter value is greatér than the
predetermined value P3, lthe current mode is switched to
" an error rate based mode at step ST1209 and .the sequence
moves to step ST1215. On the other hand, the error
counter yalue is less than or equal to the predetermined
value P3, an antenna is selected which receives a signal
of the. highest signal strength based on the signal
si:rength detection circuit 90 at step ST1207 and the
current anten.na is switched to the selected antenna at
step ST1208.. |

| On {:.he other hand, at step ST1201, an error rate
based mode is selected, the i:hres'hold value P4 of the
error rate is changed corresponding to a spéed detected
by the speed sensor 7 at step ST1210. Némely, the
threshbld value P4 is increased as the detected speed
- increases. the controller 80 checks whether the error
rate obtained from the error rate detection circuit 5 is
greater than the threshold value P4 or not at étep
ST1211. If the error rate is less than or equal to the
,thresho.‘_Ld value P4, the controller sets the error counter
value zero at step ST1212 and the-seqx'xence moves to step
ST1215. On the other hand, the .error rate is greater than
the threshold value P4, the error counter is incremented

by one at step ST1213. The controller 80 checks whether
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the error counter value is greater than the predetermined
value P5 or not at step S’i‘:_L214. If the error counter
value is greater than the predetermined value P5, the
current mode is switched to the signal strength based
mode at step ST1217 and the seque_r‘xce moves to step
ST1207. The operations of step ST1207 and ST1208 are done
in the same way as explained above. At step ST1214, if
" the error counter value is less than ér equal to the
predetermined vélue P5, an antenna is se].écted which. -
receives a signal of the lowest error rate based on the
error rate obtained by the error rate detection circuit 5
at step ST1215 and the current antenna is switched to the
selected antenna a't:. step ST1216.

By repea-ting the above operations, an antenna
selection mode is switched at a timing corresponding to a
speed of ;the vehicle thereby an .optimal antenna is
selected. Further, iﬂ this embodiment, the more the speed
_ increases, the more rarely the mode is changed. This
reduceé diversity-noise which is caused by switching

antenna too frequently.

EMBODIMENT 7.
FIG. 13 is a flow chart showing the operation of
a digital information receiver as another embodiment of

the invention. The structure of this digital information
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receiver is basically the same as that shown in the'FIG_.
1. However, the operational program of the CPU 81 of the
controller 80 is different from that of the emb_odiment 1.

At first, the controller 80 checks whether a
signal strength based mode in which an antenna is
selected which receives a signal of fhe highest signal
strength is selected or an error rate based _mode lin which
- an antenne is selected which receives a signal of the
lowest error rate is eeliected at step ST1301. If the
signal strength based mode is selected, the threshold
value P2 of the error rate is changed corresponding to a
speed deteeted by the speed sensor 7 at step ST1302.
Namely, the threshold value P2 is increased as the
detected speed increases. The controller 80 checks
whether the error rate is greater than the threshold
value P2 or not at step ST1303. If the error rate is less
than or equal to the thres.h'old value P2, the controllexr
80 sets the error counter zero.at step ST1304 an'd the
| . sequence moves to the step ST1308. dn the other'herid, if
the error rate is greater than the threshold value P2, :
the error counter is incremented by one at steé ST1305.
The controller 80 changes the threshold value P3 of the
error counter correeponding to a speed detected by the

speed sensor 7 at step ST1306. Namely, the threshold
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value P3 is increased as the detected speed in_creases.
The controller‘ 80 checks whether the error counter value.
. is greater than the threshold value P3 or not at step
ST1307. 1f the error counter value is greater than the
threshold value P3, th_e current mode is switched to az;
error rate base_d mode at step STiSlO and the sequence
~ moves to step ST1317. On the ot;xer hand, the error
counter value is less than or equal to the threshold
value P3, an antenna is selected which receives a signal
of the highest signal sfrength based on the signal
strength detection circuit 90 at step ST1308 anéi the
current antenna is switched to the selected antenna at
step ST1309. o

On the other hand, at step ST1301, én error rate
based mode is selected, the threshold value P4 of the
error rate is changed corresponding to al speed detécted
by the 'speed sensor 7 at step ST1311. Namely, the
threshold valu‘e P4 is increased as the detected speed
increases. The controller 80 checks whether the error
rate obtained from thé error rate detection circuit 5 is
greater than the threshold value P4 or not at step
- ST1312. If the error rate is leés than or equal to the

threshold value P4, the controller sets the error counter

value zero at step ST1313 and the sequence moves to step
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ST1317. On the other hand, the error rate is greater than
the threShold value P4, the error counter is incremented
by one at step ST1314. The control'ler.BO changes the
threshold value-PS of the error counter corresponding to
the speed detect‘ed'by speed sensor 7 at step ST1315. |
Namely, the threshold value PS5 is increased as the
detected speed incréa_ses. The controller 80 chec_ké
whether the error counter value is greater than the
threshold value.PS or not at step ST1316. If the error
counter value is greater than the threshold valﬁe PS5,
the current mode is switched to the signal strength based
mode at step ST1319 and the sequence moves to step
ST1308. The operations of step ST1308 and ST1309 are done
in the same way as explained above. At step ST1316, if
the error counter value is less than or equal to the
threshold value P5, an antenna is selected which receives
a signal of the 1owest_error rate based on the error rate
obtained by the error rate detection circuit 5 at step
ST1317 and the current antenna is switched to the
selected antenna at step ST1318.

By repeating the above operafions , an antenna
selection mode is switéhed at a timing corresponding to a
speed of the vehicle theréby an optimal antenna is

-selected. Further, in this embodiment, the more the speed
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increases, the more rarely the mode is changed. This
reduces diversity noise which is caused by switching an

antenna too frequently.

EMBODIMENT 8.

FIG. 14 is a flow chart showing the operation of
a digital information receiver as another embodiment of
the invéntioh. The structure of this digital information
receiver is basically the same as that shown in the FIG.
9. However, operational program of the CPU 81 of the
controlier 80 is different from that of the embodiment 4.

At first, the controller 80 checks.whethef a
signal strength based mode in which an éntenna is
| selected which receives a signal of the highest signal
strength is selected or an error rate based mode in which
an antenna is selected which receives a signal of the
lowest error rate is selected at step ST1401. If the
signal strength based mode is selected, the controller 80
checks whether the signal strength is greater than the
predetermined value P6 or not at step ST1402. 1If the
signal strength is greater than the predetermined value
P6, the controller 80 sets the error counter zero at step
ST1403 and the sequence moves to the step ST1406. On the
“other hand, if the signal strength is less than or equal

to the predetermined value P6, the error counter is
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incremented by one at step ST1404. The controller 80
checks whether the error .counter value is greater than
the predetermined value P7 or not at step ST1405. If the
error counter value is greater than the predetermined
value P7, the current mbde is switched to an erroi' réte
" based mode at step ST1408 and the sequence moves to step
ST1413. On the other hand, the error counter value is |
less ti'xan or e_qual to the predetermined value P7, an
antenna is selected whichlreceives a signal of the
highest signal strength based on the signal strength
detectiori circuit 90 at step ST1406 and the current
antenna is switched ‘t;o the selected antenna a'E step
ST1407. |

On the other hand, at step ST1401, an error rate
baséd mode is selected, the control.ler 80 checks w_hether
 the signal strength obtained from the signal strength
detection circuit 90 is greater than the predetermi_ned
value P8 or not at step ST1409. If the signal strength is
greater than the predetermined value P8, the controller
sets lthe error counter value zero at step ST1410 and the
sequence moves to step ST1413. On the other hand, the
signal strength is less than or equal to the
_predetermined value P8, the error,countei' is incremented

by one at step ST1411. The controller 80 checks whether
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the error counter value is greater than the predetérmined
value P9 or not at step ST1412. If the error counter
value is greater than the predetermined value P9, the
current mode is switched to the signal strength based
mode at step ST1415 and the sequence moves to step
ST1406. The operations of step ST1406 and ST1407 are done
in the same way as explained above. At step ST1412, if |
the error counter value is less than or equal to the
predetermined value P9, an antenna is sélected whi-ch ' . |
receiv_és a signal of the lowest error rate based on the
error rate obtained by the error rate detection c'ircpit 5
at step ST1413 and the current antenna is swit;:hed to the
selected aﬁtenna at step ST1414.

By repeating the ;bove operations, in each mode,
if the signal strength is kept below a certain level for
a 'certain period of time, an antenna selection is
performed in the other mode. In this embodiment, a speed

sensor is not required.

EMBODIMENT 9.

FIG. 15 is a flow chart showing the oéeration of
a digital information receiver as another e_mbodiment* of
the invention. The structure of this digital information
receiver. is basically the same as that shown in the FIG.

1. However, the operationél program of the CPU 81 of the
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c;::ntroller BO is different from that of the embodiment 1.

At first, the controller 80 checks whethe;‘ a
signal strength based mode in which an antenna is
selected which receives a signal of the highest sighal-
strength is selected or an error rate based mode in which
an antenna is selected which receives a signal of the
lowest error rate is selected at step ST1501. If thé
signal strength based mode is selected, the controller 80
checks whether the signal sfrengfh is greater than the
predetermined value P6 or not a*i:,_';tlep ST1502. If the
signal strength is greater than'.'the predetermined value
P6, the controller 80 sets the error counter zero at step
ST1503 and fhe sequence moves to the step ST1507. On the
other hand, if the signal strength is less than or equal
to. the prédetermined value P6, the error counter is
incremented by one at step ST1504. Then, The controller |
80 changes the threshold value P7 of the error counter
corresponding to. a spee;i detected by the speed sensor 7
at step ST1505. Namely, the threshold value P7 is
increased as tl_:e detected speed increases. The
contro-ller 80 checks whether the error counter .value is
greater than the threshold value P7 or not at step
ST1506. If the error counter value is greater than the

threshold value P7, the current mode is switched to an
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error rate based mode at .step STlSOé and the sequence
moves to step ST1515. On the other hand, the error
counter vaiue is less than or eq‘uél to ;the threshold
value P7, an antenna is selected which receives a signal
of the highest sighal strength based on the signal
strength detection circuit 90 at step ST1507 and the
current antenna is switched to the seleci:ed antenna at
step ST1508.

On the o;ther hand, at step ST1501, an error rate
.based mode is éeiected, the controller 86 _checks whether
the signal stréngth obi:ained from the signal strength
detection circuit 90 is greater than the predetermined
value P8 or not at stép ST1510. If the signal strength is
greater than the predetermined value P8, the controller
sets the error counter value zero at step ST1511 and the
sequence moves _to step ST1515. On the other hand, the
signal' strength is less than or equal to the
pré_determined value P8, the error counter is incremented
by one at step $T1512._ Then, The controller 80 changes
the threshold value P9 of the error counter. corresponding
to a speed detected by the speed sensor 7 at step ST1513.
Namely, the threshold value P9 is increased as the
detected spéed increases.

The controller 80 checks whether the error counter value
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| is 'greater than the threshold value P9 or not at step
ST1514. If the error counter value is greater than the
threshold value PQ, ‘the current mode is switched to the
signal strength based mode at step ST1517 and the
séquence moves to step ST1507. The operations of step
ST1507 and ST1508 are done in the same way as explained
above. At step ST1514, if the error counter value is less
than or equal tolthe threshold value P9, an antenna is

.- selected which receives a signal of the lowest error rate
- based on the error rate obtained by the error rate |
detection circuit 5 at step ST1515 and the current
antenna is switched to the selected antenna at s’tejp

ST1516.

By repeafing the abové operations, an antenna
selection mode is switched at a timing correépo;lding to a
speed of fhe vehicle thereby an optimal antenna is
selected. Furth.er,. in this embodiment, the more the speed
increases, the more rarely the modé is changed. This

reduces diversity noise which is caused by switching an

antenna too frequently.

EMBODIMENT 10.
FIG. 16 is a flow chart showing the operation of
a digital information receiver as another embodiment of

the invention. The structure of this digital information
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receiver is basically the same as that shown in the FIG.
1. Howéver, the operational program of the CPU 81 of the
controller 80 is different from that of the embodiment 1.

At first, the contfoller 80 checks whether a’
signal strength based mode in which an antenna is
selected which receives a signal of the highest'signal ' .
strength is selecfed or an error rate based mode in'which
an antenna is selected which fegeives a signal of the
lowest error rate is selected at step ST1601. If the
signal strength based mode is selected, the threshold |
value P6 of the signél strength is changed corresponding
to a speed detecfed by the speed sensor 7 at step ST1602.
Naxﬁely, the threshold value P6 is decreased as the
detected speed increases. The controller 80 checks
whether the signal strength is greater than the threshold
value Pé_ or not at step ST1603. If the signal strength is |
greatei: than the threshold value P6, the controller 80
sets the error counter zero at step ST1604 and the
sequence moves to the step ST1607. On the other han.d, if
the signal strength is less than or equal to the
“threshold value PG,_ the error counter ié incremented by
one at step ST1605. The controller 80 checks whether the
error counter value is greater than thé predetermined

value. P7 or not at step ST1606. If the error counter
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value is greater than the predetermined value R7, the
current mbde is switched to an-error rate based méde at
step ST1609 and the sequence moves to step ST1615. On the
othei- hand, the error counter value is less than or equal .
to the predetermined \_ralue P7, .an antef:na is selected
v;rhich receives a signal of the highest signal strength
based on the signal strength detection circuit 90 at step
ST1607 and the current antenna is switched to the
selected antenna at step ST1608.

' On the other hand, at step smsoi, an error based
mode is selected, the threshold value P8 of the signal
strength is changed corresponding to a speed detected by.
the s.peed sensor 7 at step ST1610. Namely, the threshold
iralue P8 is decreased as the detected speed increases.
The controlier 80 checks whether the signal strength
obtained from the signal strength detection circuit 90 is
greater than the threshold value P8 or not at step
ST1611. If the sighal streﬁgth is greater than the
threshold value P8, the controller 80 sets the error
‘counter value zero at step ST1612 and the sequence moves
to step ST1615. On the other hand, the signal strength is
less than or equal to the threshold value P8 ,. the error
counter is incremented by one at step ST1613. The

controller 80 checks whether the error counter value is
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greater than the predetermined vélue P9 or not at step
ST1614. If the error counter value is greater than the
predetermined value P9, the current mode is switched to
the signal strength based mode at step ST1617 and the
seguence moves to step ST1607. The bperations of step
ST1607 and ST1608 are done in the same way as explained
above. At step ST1614, if the error counter value is less
thén or equal to the predetermined vaiue P9, an antenna
is selected which receives é signal of the lowest error
rate based on the error rate obtained by the error rate
detéction circuit 5 at step ST1615 and the current
antenna is switcl'_:ed to the selected antenna at step
ST1616.

.By repeating the above operation;, an antenna
selection mode is sﬁitched at a timing corresponding to a
speed of the vehicle thereby an optimal éntenna J.s
selected. Fui:ther, _ in this embodiment, the more the speed
increases, the more rarely the mode is changed7 This
reduces diversity noisé which is caused by switching an

antenna too frequently.

EMBODIMENT 11.
FIG. 17 is a flow chart showing the operation of
a digital information receiver as another embodiment of

the invention. The structure of this digital information
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receiver is basically the same as that shown in the FIG.
1. However, the operational program of the CPU 81 of the
controller 80 is different from that of the embodimeﬁt 1.

At first, the controller 80 checks whether a
signal strength baéed mode in which an antenna is |
selected which receives a signal of the highest _signél
strength is selected or an error rate based mode in which
an antenna is selected which receives a signal of the
lowest error rate is selected at step ST1701. If the
signal strength based mode is selected, the threshold
value P6 of the signal strength is changed corresponding
to a speed d_etected by the speed sensor 7 at step ST1702. .
Namely, the threshold value P6 is decreased as the
detected speed increases; The controller 80 checks
whether the signal strength is greater than the threshold
value P6 or not at step ST1703 . If the signal strength is
greater th_anlthe threshold value P6, the controller 80
sets the error counter zero af step'STi704 and the
sequence moves to the step ST1708. On the other hand, if
the signal strength is less thén or equal to ‘the |
threshold value P6"=,. the error counter is incremented by
one at step ST1705. Then, the controller 80 changes the
threshold value P7 of the error counter corresponding to

a speed detected by the speed sensor 7 at step ST1706.
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Namely, "Ehe threshold value P7 is increased as the
" detected speed increases. The controller 80 checks
whether .th_e error counter value is greater than the
threshold value P7 or not at step ST1707. If the error
countér value is greater than the threshold value P7, the
current mode is switched to an error rate based mode at
step ST1710 and the sequence moves to step ST1717. On-fhe
other hand, the error counter value is less than or equal
to the threshold value P7, an antenna is selected which
receives a signal of the highest signal strength based on
the signal strength detectioﬁ circuit 90 at step ST1708
and the current antenna is switched to the selected
antenna at step ST1709.

On the other hahd, at step ST1701, an er:coi rate
based mode is selected, the threshold value P8 of the
signal strength is chénged corresponding to a speed
detected by the séeed sensor 7 at step ST1711. Namely,
the threshold value PB is decreased as the detected speed
increases. The controller 80 checks whether the signal
strength obtained from the signal stfength detection
circuit 90 is greater than the threshold value P8 or not
at step ST1712. If the signal strength is greater than
the threshold §alue P8, the controller 80 sets the error |

counter value zero at step ST1713 and the sequence moves
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to step ST1717. On the other hand, the signal strength is
less than or equal to the threshold value P8, the error _
counter is incremented by one at step ST1714. Then, the
controller 80 changes the threshold valgg P9 of the error
counter corresponding to a speeci detected by the speed
sensor 7 at step ST1715. Namely, the threshold value P9
is increased as the detected speed increases. The
controller 80 checks whether the error counf_er value is
greater than the threshold value P9 or not at step |
ST1'716. If the error counter value is greater thafx,,:':the
threshold value P9, the cur:_':ent mode is switched fo the
signal .strength based mode at step ST1719 and the
sequence mq'ves to step ST1708. The operations of steb |
ST1708 and ST1709 are done in the same way as explained
above. At step ST1716, if the error counter value is less
than or equal to the threshold value P9, an antenna is
selected which receives a signal of the lowest error rate
based oﬁ the error ratel obtained by the error rate
detection circuit 5 at step ST1717 and the current
antenna is switched to the selected antenna at step
ST1718.

By repeating the above operations, an antenna
selection mode-is switched at a timirig correspondi;xg to a

speed of the vehicle thereby an optimal antenna is
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selected. Furfher, in this embodiment, the mbre the speed
increases, the more rarely the mode .is changed. Thié
ré&ucés di\}ersity noise which is caused by switching an
antenn_a' too frequentl_y.

While preferred embodiments of the invention has
been described using specific terms, such desc;:iption is
xhade for illustrative purpose and it is to be understood
that changes and vai:‘iations may be made without departing

from the scope of the appended claims.
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1. A digital information receivér for a vehicle,
having a plurality of antennas, an antenna selector which
selects one of the antennas according to an external
.instruction signal, characte:ized by

means for performing recéption.processing'to a
signal including digital information, received by an
antenna selected by the antenna selector:;

means fof demodulating the received signal
thereby reprodubihg the digital information included in
the received siénal; -

means for detecting an error rate of the
demodulated digifal information;

.means for detecting a signal strength éf the
received signal; and

means for cohtrolling'the antennazselector
through sending the external instruction signal such
that an antenna selection mode is selectively performed
between a signal strength based antenna selection mode in

"~ which an antenna is selected which receives a signal of
the highest signal strength and an error rate based
antenna selection mode in which an antenna is selected
which receives a signal of the lowest errér rate.

2. A digital information receiver according to
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claim 1, characterized in that the digital information
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receiver further includes means for detecting a moving
speed of the vehicle, and in that the controlling means
controls the antenna seleétor such that the current
antenna is switched to-an antenna receiving a signal of
the highest signal strength when a moving speed detected
by the moving speed detecting means is greafer than a
predetermined value and otherwise the current antenna is
éwitched to aﬁ.antenna receiving a signal of the lowest

) _,_e':;rror rate.

3. A digital information receiver accoiding t&.
claim 1, characterized in that the digital information
receiver further includes an input devicé for inputting
an instruction from a usér'which.mode should be used
between the signal strength based antenna selection mode
and the error rate based antenna selection mode, and in
thaf the controllingfmeans controls-the antenna selector
such that an antenna is selected in a mode inputted to
the input device.

4.IA digital information receiver according to
claim 1,_chara¢terized in fhat the digital information
receiver further includes means for detecting a current
position of the vehicle on a map, and in that the ' |

controlling means controls the antenna selector such
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that an antenna is selected in the error rate based mode
when the detected current position is in an urban area
and an antenna is selected in the signal strength bésed
mode when the detected current position is in a rural
area or highway.

| 5. A digital information receiver according té
claim 1, chéracterized in that the controlling means
controls the antenna seiecfor such that the current
antenna selection mode is switched to the error rate
based antenna selection mode- when the signal strength
based mode is selected and the error rate of the digital
information is kept greafer than a predetermined value
for a predetermined time period and the current antenna
selection mode is switched to the sighal strength based

antenna selection mode when the error rate based mode is

selected and the error rate of the digital information is

kept greater than a predetermined value for a

predetermined time period.

6. A digital information receiver accordihg to
claim 1, characterized in that the digital information
receiver further includes means for detecting é moving
speed of the vehicle; and in that the controlling means
céntrols the antenna selector such that the cur-reni:

antenna selection mode is switched to the error rate
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based antenna selection mode when the signal strength
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based mode is selected and the error rate of thé dig'ii;al
information is kept.greater than.a.predetermined_value
for a time period corresponding to a speed detected by
the moving speed- detecting means and the cufrent antenna
selection mode is switched to the signal strength based
antenna selection mode when the errbr rate based mode is
selected and the error rate .of the digital information is
kept greater than a predetermined value for a time period
éorresponding to a speed detected by the moving speed
detecting means. |
7. A digital information receiver according to

claim 1, characterized in that the - digital information
receiver further includes means for detecting a moving
speed of the vehicle, and in that the controlling means
controls the antenna selector such that the current

: aﬁtenna seléction mode is switched to the error rate .
based antenna selection.modé when the signal strength
based.mode.is selectedland the error rate of the digital
information is képt greatef than a value éorresponding to
a speed detected by the moving speed detecting means for
a predetermined time period and the current antenna
selection mode is switched to the signal strength based

antenna selection mode when the error rate based mode is
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selected and the error rate of the digital information is
kept grea.ter' than a value corresponding to a speed

detected by the moving'speed detecting means for a

" predetermined time period.

8. A digital information receiﬁfer according to
claim 1, characterized in tﬁat the digital info:fmation
reéeiver further includes means for detecting a moving.
speed of the vehicle, and in that the contrdlling means
controls the antenna selector such i:hat the curren'l:'
antenna selection mode is switched- to the error rate
based antenna selection mode when the signal st.rength
based mode is selected and the error rate of the digital
info.fmation is kept greater than a value corresponding to
a speed detected by the moving speed detecting means for
a time period cori‘esponding to a speed detected by the
moving speed detecting means and the current antenna
selection mode is switched to the signal strength based
aptenna selection mode when the error rate based mode is
selected and the errof rate of the digital information is

kept greater than a value corresponding to a speed

detected by the moving speed detecting means for a time

period corresponding to a speed detected by the moving

speed detecting means.

9. A digital information receiver according to
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claim 1, characterized in that the controlling means
controls the antenna selector such that the current
antenna selection mode is switc.:hed to the error rate
based antenna selection mode when the signal strength
based mode is selected and_the signal strength of the
digital iﬁformation is kept less than a prédetermined
value for a predetefmined time period and the current
antenna selection mode is swi_tched to the signa_l_ strength
based antenna selection mode when the error. rate based
mode is selected and the signal strengfh of the digital
information is kept less than a .predetermined value for a
predetermined time period.

10. A digital information receiver according to
claim 1, characterized in thét the di§1t31 information
receiver further includes means for detecting a moving
speed of the vehicle, and in 'Ehat the controliing means
controls the antenna selector such that the current
antenna selection mode is _switched to the error fai:e
ba.sed antenna selection mode when the signal strength
based mode is selected and the signal strength olf the
digital information is kept less than a predetermined
valpe for a time period corresponding to a speed detected
by the moving speed detecting means and the current

antenna selection mode is switched to the signal strength
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 based ahtenﬁa selection mode when the error rate based

"mode is selected and the signal strength of the digital
iﬁfbrmatior; is kept less than a predetermined value for a
time period corresponding to_'a speed detected by the
movin§ speed detecting means. .

11. A digital inforxﬁation receiver according .to
claim 1, characterized in that the digital information
receiver further includes means for detecting a moving
speed of the vehicle, and in that the controlling means |
cbntrols the antenna se]_.ector such that the current
antenna selection mode is switched to the error rate
based antenna selection mode when the signall strengfh
based mode is selected and the signal strength of the
digital in_formation is kept less than a value
corresponding to a speed detected by the moving speed.
detec’tiné means for a predetermined time pefiod and the
current antenna selection mode is switched to the signal
strength based antenna sélectién mode whén the error rate
based mode is selected and the signal strength of the
digital. infoi‘mation is kept less than a value
corresponding to a speed detected by the mdving speed
detecting meahs for a prédetermined time period.

12. A digital information receiver according to

claim 1, characterized in that the digital information
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receiver further includes means for detecting a moving
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speed of the vehicle, and in that fhé controlling means
controls the antenna selector such that the current
antenna selection mode is switched to the error rate
based antenna selection mode when the signal strength
bésedfmode is selected and the signal strength of the
digital information is kept less than a value
' corresponding to a speed detected by the moving speed
detecting means for a time period corresponding to ai
speed detected by the moving speed detecting'means"§£d~
the current antenna selection mode is switched to fhe
signal strength based antenna selection mode when the
error rate based mode is selected and the signal strength -
of the digital information is kept less than a value
corresponding to a speed detected by the moving speed
detecting means for a time period corresponding to a

speed detected by the moving speed detecting means.



