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DIGITAL INFORMATION RECEIVER FOR VEHICLE 

BACKGROUND OF THE INVENTION 

1. Field of the ·Invention 

This invention relates to a digital information 

receiver for a vehicle using a diversity antenna system. 

2 ~ Description of the Related Art 

Recently, digital information media such as an 

FM multiplex broadcasting have been developed and they 

have become useful information sources of traffic, 

weather forecast and so forth. Under these 

circumstances, v1;1rious types of digital information 

receivers are being developed. 

FIG. 18 ·is a schematic drawing showing a block 

diagram of the conventional multiplexed text receiver 

using . a diversity antenna system disclosed in Japanese 

Unexamined Patent PublicationHEI 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 ~ntenna group 1, reference 

numeral 3 denotes a reception circuit which performs 

reception processing such as detection of radio waves 

received by an antenna switched by the antenna switching 

circuit 2, reference numeral 4 denotes a multiplexed text 
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decoder which reproduces multiplexed text signals from 

image signals detected by reception circuit 3, reference 

numeral 5 denotes an error rate detection circuit which 

detects an error rate when the multiplexed text signals 

are reproduced, reference numeral 6 denotes a controller 

which instructs the antenna switching circuit 2 to select 

an antenna among antenna group 1, reference numeral 7 

denotes a speed sensor which detects a speed of a car in 

which the receiver is installed. In this diversity 

antenna system, each time the receiver reco~izes 
.. 

stoppage of the car by the speed sensor 7, the controller 

6 instructs the antenna switching circuit 2 to switch to 

an antenna receiving a signal of the lowest error rate 

among antenna group 1 for the purpose of obtaining 

multiplexed text data which have low er:ror rate. 

However, the c_ar moves in the circ:Umstance in which many 

radio waves, each of which has a differen't; amplitude and 

a different phas~, are superimposed each other. 

Therefore, it is disadvantageous to select an antenna 

when the car stops and to use that antenna for receiving 

signals even after the car begins to move. The above 

described receiver does not effectively utilizes the 

antenna diversity because the receiving conditions 

continuously vary while the car moves. 
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Another eonventional_apparatus employs a 

.--diversity system in which an antenna receiving a signal 

of the highest signal. strength is selected. 

Further, In case antennas are switched depending 

only on signal strength, the real effect of the diversity 

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 receiving condition may cause 

diversity noise which makes .. the receiving condition 

worse depending on vehicle speed. 

The above conventional receivers have the 

following defects. 

First of all, when the receiving condition 

continuously varies while the vehicle is moving, antenna 

switching ba$ed only on the signal strength has a 

possibility that an optimal antenna i~ not necessarily 

selected because quality of received digital information 

is not directly evaluated. 

Secondly, antenna switching based only on the 

error rate cannot follow the ever-changing circumstances 

of the vehicle. Therefore, there is a possibility that 

when an antenna is selected, the other antenna may be 



-4-

better than the selected antenna. 

Finally, antenna switching for following the 

continuous 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 .. ~s 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 

information receiver of the invention includes a 

plurality of antennas; an antenna selector which selects 
I 

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 

received signal; means for detecting an error rate of the 

demodulated digital information; means for detecting a 

signal strength of the received signal; and means for 

controlling the antenna selector 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 from one antenna selection 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 position of the vehicle. 

Further, the switching from one antenna 

selection mode to another antenna selection mode is 

performed such that the more the speed increases, the 

more rarely tl)e 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 inventio!).. 

FIG. 2 is a flow chart showing general operations 

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

of the embodiment l of the invention. 

FIG. 4 is a graph showing a moving speed of 

vehicle, 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 l 

FIG. 5 is a block diagram showing a structure of 

digital information receiver as embodiment 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 

invention. 

FIG. 8 is a flow chart showing the operations of 

the embodiment 3 of the invention. 

FIG. 9 is a block diagram showing a structure of 

a digital information J;eceiver 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 the operations of 

the embodiment 5 of the invention. 

FIG. 12 is a flow chart showing the operations of 

T 
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the embodiment 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.invention. 

FIG. 15 is a flow chart showing the operations of 

the embodiment 9 of the inventioJ;l. 

FIG. 16 is a flow chart showing the operations of 

the embodiment 10 of the invention. 

FIG. 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 pref erred embodiments of the present 

invention will be explained in detail with reference to 

the drawings. 

EMBODIMENT 1. 

FIG. 1 is a block diagram showing a structure 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 broadcasting signals, 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 an~ 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 controller 80 includes the 

input port 81 for inpu~ting data, the CPU (Central 

Processing Unit) 82 which performs a predetermined 

control program and the output port 83 for outputting 

data. The controller 80 performs control processes for 

antenna switching. 

Based on a result of error correction made by the 

error correction circuit 70, ~he error rate detection 

circuit 5 detects an error rate and this error rate is 

I" 
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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 to the 

reception circuit 30 and the electric field strength is 

inputted to the input port 81 of the controller 80. The 

key 100. is connected to input pe;>rt 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 digital data and the display 120 

for displaying the digital data are connected to the 

controller 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, whether there is an input to the key 100 or 

not is checked. 

If there is an input to 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 ST202, digi ta~ data reception 
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processing is carried out at step ST204. The reception-

processed data are displayed on the screen of the display 

120 at step ST205. After that, an optimal antenna is 

selected among antenna group 1 by carrying out diversity 

processing at ·step ST206. Then the sequence moves to step 

ST202. 

Next, detailed operation of the diversity 

processing at step ST206 of FIG. 2 will be explained with 

reference to FIG. 3. The controller 80 detects a moving 

speed of the vehicle by reading the output of the speed 

sensor 7 at step ST301. The detected moving speed v is 

compared with the predetermined value Pl at step ST302. 

If the detected speed Vis greater than the predetermined 

value Pl, an antenna receiving -a signal of the highest 

signal strength is selected based on a signal strength 

obtained by the signal strength detection circuit 90 at 

step ST303. The current antenna is switched to the 

selected antenna at step ST304. 

Moving speed Vis less than or equal to the 

predetermined value Pl at step ST302, an antenna 

receiving a signal of the lowest error rate is selected 

at ST305. The current antenna is switched to the selected 

antenna at step ST306. 

As shown in FIG.2, this diversity processing is 
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repeated so that an optimal antenna selection may be 

performed corresponding to a moving speed of the vehicle. 

Namely, antenna selection is carried out based on a 

received signal strength when the moving speed Vis 

greater than the predetermined value Pl, 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 

predetermined value Pl. Because the certain amount of 

time is necessary for calculating an error rate, when 

receiving condition varies so_ much as moving ·at a high 

speed, antenna selection based on an error rate is often 
. . 

not appropriate. In this embodiment, when a moving speed 

of the vehicle is high, antenna selection is carried out 

based on the rec.eived signal strength. 

FIG. 4 is a graph showing a moving speed of 

vehicle, a signal indicating a diversity mode, signal 

strengths and error rates of signals received by antennas 

A, B, and antenna selection when the above operations are 

carried out. As shown in this figure, antenna A or 

antenna Bis 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. 

I 
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FIG. 5 is a block diagram showing a structure of 

digital information receiver as another embodiment of 

the invention. The same reference numerals are attached 

to the same or similar portions as those of FIG. 1 and 

corresponding explanations are omitted. 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 received signal strength and a 
• .... 

mode in which an antenna is selected based on an error 

rate. 

The diversity operation of the above receiver 

will be explained with reference to the flow chart of 

FIG. 6. The controller 80 checks 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 

selected 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 



-13-

current antenna is switched to the selected antenna at 

step ST605. Therefore, an antenna can be selected in a 

mode considered more appropriate to the current 

receiving cond:i, tion 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 information receiver as another embodiment of 
.··. 

the invention. The same reference numerals are attached 

to the same··or similar portions as those of FIG. 1 and 

corresponding explanations are omitted. In this figure, 

the current position detection device 140 such as GPS 

{Global Positioning System) is connected to the input 

port 81 of the controller 80. 

The diversity operation of this embodiment will 

be explained ~ith reference to the flow chart of FIG. 8. 

The controller 80 obtains the current position 

information 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 where the 

vehicle can move at a relatively high speed at step 

ST802. If the controller 80 recognizes that the vehicle 



-14-

is in a rural area or a highway, an antenna receiving a 

signal of the highest signal strength is selected based 

on a signal strength obtained from the signal ·strength 

detection circuit 90 at step ST803 and the current 

antenna is switched to the selected antenna at step 

ST804 .. On the other hand, if the controller 80 recognizes 

that the vehicle is ·in an urban area, an antenna 

receiving a signal of the lowest error rate is selected 

based on an error rate obtained from the 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 moves. In this embodiment, an antenna 

selection mode is decided based on the position of the 

vehicle in a map without measuring a real speed of the 

vehicle because an approximate speed of the vehicle is 

known to some extent depending on whether the vehicle is 

in an urban area or in a rura.i area. 

An antenna selection may also be carried out by 

calculating a speed of the vehicle from position 

information obtained by the current position detection 

device 140 as shown in the embodiment 1. 

EMBODIMENT 4. 
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FIG. 9 is a block diagram showing ~- structure of 

a digital information receiver as another embodiment of 

the invention. The same reference numerals are attached 

to the same or similar portions as those of FIG. 1 and 
····- ~··-. 

corresponding explanations are omitted. As 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 controller 80 is 

different from that of the embodiment 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 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 selected at step STlOOl. 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 1002. If the 

error rate is less than or equal to the predetermined 

value P2; the controller 80 sets the error counter zero 
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at step ST1003 and the sequence moves to the step ST· 

1006. On the other hand, if the error rate is greater 

than the predetermined value P2, the error counter is 

incremented by one at step ST1004. The controller 80 

checks whether the error counter value is greater than 

the predetermined value P3 or not at step STlOOS. If the 

error counter value is greater than the predetermined 

value P3, the current mode is switched to an error rate 

based lt_lode at step ST1008 and the sequence moves to step 

ST1013. On the other hand, the error counter value 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 strength 

detection circuit 90 at step ST1006 and the current 

antenna is switched to the sele~ted antenna at step 

ST1007. 

On the other hand, at step STlOOl, an error rate 

based mode is selected, the cont:r:oller 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 STlOll. 

The controller 80 checks whether the error counter value 

is greater than the predetermined value PS or not at step 

ST1012. If the error counter value is greater than the 

predetermined value PS, the current mode is switched to 

·the signal strength based mode at step ST1015 and the 

sequence moves to step ST1006. The operations of step 

ST1006 and 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 PS, 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 ST1013 and the current 

antenna is switched to the selected antenna at step 

ST1014. 

By repeating the above operations, in each mode, 

. if the error rate is kept below a certain level for a 

certain period of time, antenna selection is performed in 

the other 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 inventfon •. The structure of this digi_tal information 

receiver is basically the same as that shown in the FIG. 

1. However, the operational program of the CPU 81 of 

controller 80 is different from that of the embodiment 1. 

At first, the controller 80 chec~s 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 selected at step STllOl. 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, the 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 

incremented by one at step ST1104. The controller 80 

changes the threshold value P3 of the error counter 

corresponding to the speed detected by speed sensor 7 at 

step STllOS. 

Namely, the threshold value P3 is increased as the 

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 

counter value is greater than the threshold value 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 than or equal 

to the threshold value P3, an antenna is selected which 

receives a signal of the highest signal strength based on 

the signal strength detection circuit 90 at step ST1107 

and the current antenna is switched to the selected 

antenna at step STl~OB. 

On the other hand, at step STllOl, 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 

STlllO. If the error rate is less than or equal to the 

threshold value P4, the controller sets the error counter 

value zero at step STllll and· the sequence moves to step 

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 threshold 

value PS of the error counter corresponding to a speed 

detected by the s:peed sensor 7 at step ST1113. Namely, 

the threshold value PS 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 PS or 

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

than the threshold value PS, the current mode is 

switched to the signal strength based mode at step ST1117 

and the sequence moves to step ST1107 •. The operations of 

step ST1107 and ST1108 are done in the same way as 

explained above. At step ST1114, if the error counter 

value is less than or equal to the threshold value PS, 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 ST1115 and the current 

antenna is switched to the selected antenna at step 

ST1116. 

By repeating 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, 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 operational program of the CPU 81 of the 

controller 80 is different from that of the embodiment 1. 

At first, the controller 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 selected.,at step ST1201. If the 

signal strength based mode is 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 zero at step ST1204 and the 

sequence moves to the step ST1207. On the other hand, if 

the error rate is greater than the threshold value P2, 

the error counter is 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 error counter value is greater than the 

predetermined value P3, the 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 value 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 

strength detection circuit 90 at step ST1207 and the 

current antenna is switched to the selected· antenna at 

step ST1208~.,"·: 

On the other hand, at step ST1201, an error rate 

based mode is selected, the threshold value P4 of the 

error rate is changed corresponding to a speed detected 

by the speed sensor 7 at step ST1210. Namely, the 

threshold value P4 is increased as the detected speed 

increases. the controller 80 checks whether the error 

rate obtained from the error rate detection c~rcuit 5 is 

greater than the threshold value P4 or not at step 

ST1211. If the error rate is less than or equal to the 

threshold value P4, the controller sets the error counter 

value zero at step ST1212 and the sequence 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 PS or not at step ST1214. If the error counter 

value is greater than the predetermined value PS, the 

current mode is switched to the . signal strength based 

mode at step ST1217 and the sequence 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 or equal to the 

predetermined value PS, 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 ST1215 and the current antenna is switched to the 

selected antenna at step ST1216. 

By repeating 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, in this embodiment, the more the speed 

increases, the more rarely the mode is changed. This 

reduces diversity noise which is caused by switching 

antenn~ 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 inf~rmation 
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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 embodiment 1. 

At first, the controller 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 sel_ected 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 detected 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 threshold value P2, the controller 

80 sets the error counter zero at step ST1304 and the 

. sequence moves to the step ST1308. On the other hand, if 

the error rate is greater than the threshold value P2, 

the error counter is ~ncremented by one at step ST1305. 

The controller 80 changes the threshold value P3 of the 

error counter corre~ponding to a sp~ed detected by the 

speed sensor 7 at step ST1306. Namely, the threshold 
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value P3 is increased as the detected speed increases. 

The controller 80 checks ·whether the error counter value 

is greater than the threshold value P3 or not at step 

ST1307. If the error counter value is greater than the 

threshold value P3, the current mode is switched to an 

error rate based mode at step ST1310 and the sequence 

moves to step ST1317. On the other 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 strength based on the signal 

strength. detection circui·t 90 at step ST1308 and the 

current antenna is switched to the selected antenna at 

step ST1309. 

On the .other hand, at step ST1301, an error rate 

based mode is selected, the threshold value P4 of the 

error rate is changed corresponding to a speed detected 

by the speed sensor 7 at step ST1311. Namely, the 

threshold 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 step 

ST1312. If the error rate is less 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 controller 80 changes the 

threshold value PS of the error counter corresponding to 

the speed detected by speed sensor 7 at step ST131S. 

Namely, the threshold value PS is increased as the 

detected speed increases. The controller 80 cheqks 

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 value PS, 

the current mode is switched to the signal strength based 

mode at step ST1319 and the sequence moves to step 

ST1308. The operations 0£ 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 PS, an antenna is selected which receives 

a signal 0£ the lowest 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 operations, an antenna 

selection mode is switched at a timing corresponding to a 

speed 0£ the vehicle thereby 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 invention. The structure of this digital information 

receiver is b~sically the same as that shown in the FIG. 

9. However, operational program of :the CPU 81 of the 

controller 80 is differept from that of the embodiment 4. 

At first·, the controller 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 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. If 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 mode is switched to an error rate 

based mode at step ST1408 and the sequence moves to step 

ST1413. On the other hand, the error counter value is 

less than or equal to the predetermined value P7, an 

antenna is selected which receives a signal of the 

highest signal strength based on the signal strength 

detection circuit 90 at step ST1406 and the current 

antenna is switched to the selected antenna at step 

ST1407. 

On the other hand, at step ST1401, an error rate 

based mode is selected, the controller 80 checks whether 

the signal strength obtained from the signal stre!)gth 

detection circuit 90 is greater than the predetermined 

value PB or not at step ST1409. If the signal strength is 

greater than the predetermined value PS, the controller 

sets the 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 PS, the error counter is incremented 

by one at step ST14ll. The controller SO checks whether 
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the error counter value is greater than the predetermined 

value P9 or not at step ST1412. If the error counter 

value is greater than the predetermined value P9, the 

curreht 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 selected which 

receives a signal of the lowest error rate based ·qfi the 

error rate obtained by the error rate detection circµit 5 

at step ST1413 and the current ~ntenna is switched to the 

selected antenna at step ST1414. 

By repeating the above 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 operation of 

a digital information receiver as another embodiment: of 

the invention. The structure of this digital information 

receiver is basically the same as that shown in the FIG. 

l. However, the operational program of the CPU 81 of the 
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controller 80 is different from that of the embodiment 1. 

At first, the controller 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 selected at step ST1501. 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 atJstep ST1502. If the 

signal strength is greater than· the predetermined value 

P6, the controller 80 sets the error counter zero at. step 

ST1503 and the sequence moves to the step ST1507. On the 

other hand, if the signal strength is less than or equal 

to the predetermined 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 speed detected by the speed sensor 7 

at step ST1505. Namely, the threshold value P7 is 

increased as the detected speed increases. The 

controller 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 STlSOg and the sequence 

moves to step ST1515. On the 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 detection circuit go at step ST1507 and the 

current antenna is switched to the selected antenna at 

step STlSOS. 

· On the other hand, at step ST1501, an error rate 

based mode is selected, the controller 80 checks whether 

the signal strength obtained from the signal strength 

detection circuit go is greater than the predetermined 

value PS or not at step ST1510. lf the signal strength is 

greater than the predetermined va~ue PS, the controller 

sets the error counter value zero at step STlSll and the 

sequence moves to step ST1515. On the other hand, the 

signal· strength is less than or equal to the 

pr~determined value PS, the error counter is incremented 

by ~ne at step ST1512. Then, The controller SO changes 

the ~hreshold value pg of the error counter corresponding 

to a speed detected by the speed sensor 7 at step ST1513. 

Namely, the threshold value pg is increased as the 

detected speed 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 pg, the current mode is switched to the 

signal strength based mode at step ST1517 and the 

sequence 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 to the threshold value pg, 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 step 

ST1516. 

By repeating 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, in this embodiment, 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. 

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. However, the operational program of the CPU 81 of the 

controller 80 is differ~nt from that of the embodiment 1. 

At fitst, the controller 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 selected at step ST1601. If the 

signal strength based mode is selected, the threshold 

value P6 of the signal strength is changed corresponding 

to a speed: detected by the speed sensor 7 at step ST1602. 

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 P~ or not at step ST1603. If the signal strength is 

greater 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 hand, if 

the signal strength is less than or equal to the 

threshold value P6, the error counter is incremented by 

one at step ST1605. The controller ao~checks whether the 

error counter value is greater than the predetermined 

value. P7 or not at step ST1606. If the error counter 
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value is gr~ater than the predetermined value P,7, the 

current mode is switched to an·error rate based mode at 

step ST1609 and the sequence moves to step ST1615. On the 

other hand, the error counter value is less than or equal 

to the predetermined value P7, an antenna is selected 

which receives a signal of the highest signal strength 

based on the signal strength detection circuit 90 at step 

STl 607 and the current antenna is switched to the 

selected antenna at step ST160S • 

. On the other hand, at step ST1601, an error based 

mode is selected, the threshold value PS of the signal 

strength is changed corresponding to a speed detected by 

the speed sensor 7 at step ST1610. Namely, the threshold 

value PS is decreased as the detected speed increases. 

The controller SO checks whether the signal strength 

obtained from the signal strength detection circuit 90 is 

greater than the threshold value PS or not at step 

ST1611. If the signal strength is greater than the 

threshold value PS, the controller SO 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 PS, the error 

counter is incremented by one at step ST1613. The 

co.ntroller 80 checks whether the error counter value is 
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g~eater than the predetermined value pg 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 

sequence moves to step ST1607. The operations of step 

ST1607 and ST1608 are done in the same way as explained 

above. At step ST1614, if the error counter value is less 

than or equal to the predetermined value pg, 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 ST1615 and the current 

antenna is switched to the selected antenna at step 

ST1616. 

By repeating the above operations, an antenna 

selection mode is switched at a timing corresponding to a 

speed of ~he vehicle thereby an optimal 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 swi tc:tiing an 

antenna too frequently. 

EMBODIMENT 11. 

FIG. 17 is a flow chart showing the operation of 

a digital information receiver as another embodiment o~ 

the invention. The structure of this digital information 

. . J_ 
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receiver is basically the same as that shown in the F~G. 

1. However, the operational program of the CPU 81 of the 

controller 80 is different from that of the embodiment 1. 

At first, the controller 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 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 detected 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 thresho.ld 

value P6 or not at step STl 703. If the signal strength is 

greater than the threshold value P6, the controller 80 

sets the·error counte~ zero at step ST1704 and the 

sequence moves to the step ST1708. On the other hand, if 

the signal strength is less than or equal to 'the 

threshold value P6·, the error counter is incremented by 

one at step STl 705. 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 STl 706. 
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Namely, the threshold value P7 is increased as the 

- detected speed increases. The controller SO checks 

whether the error counter valu_e is greater than the 

threshold value P7 or not at step ST1707. If the error 

counter 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 the 

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 detection circuit 90 at step STl 708 

and the current antenna is switched to the selected 

antenna at step STl 709. 

On the other hand, at step ST1701, an error rate 

based mode is selected, the threshold value PS of the 

signal strength is changed corresponding to a speed 

detected by the speed sensor 7 at step STl 711. Namely, 

the threshold value PS is decreased as the detected speed 

increases. The controller ~O checks whether the signal 

strength obtained from the signal strength detection 

circuit 90 is greater than the threshold value PS or not 

at step STl 712. If the signal strength is greater than 

the threshold value PS, the controller SO sets the error 

counter value zero at step STl 713 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 PS, the error 

counter is incremented by one at step ST1714. 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 ST1715. Namely, the threshold value pg 

is increased as the detected speed incre·ases. The 

controller 80 checks whether the error counter value is 

greater than the threshold value pg or not at step 

STl 716. If the error counter value is greater than .. :··the 

threshold value pg, the current mode is switched to the 

signal strength based mode at step ST1719 and the 

sequence moves to step ST1708. The operations of step 

STl 708 and STl 709 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 on the error rate 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 timing corresponding to a 

speed of the vehicle thereby an optimal antem;1a is 
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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 an 

antenna too frequently. 

While pref erred embodiments of the invention has 

been described using specific terms, such description is 

made for illustrative purpose and it is to be understood 

that changes and variations may be made without departing 

from the scope of the appended claims • 
.. ... 
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What is claimed is: 

1. A digital information receiver for a vehicle, 

having a plurality of antennas, an antenna selector whi·ch 

selects one of the antennas according to an external 

.instruction signal, characterized by 

means for performing reception processing to a 

signal including digital information, received by an 

antenna selected by the antenna selector; 

means for demodulating the received signal 

thereby reproduc~ng the digital information included in 

the received signal; 

means for detec~ing an error rate of the 

demodulated digital information; 

means for detecting a signal strength of the 

received signal; and 

means for controlling the antenna selector 

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 error rate. 

2. A digital information receiver according to 
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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 

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 greater than a 

predetermined value and otherwise the current antenna is 

switched to an antenna receiving a signal of the lowest 

· -~rror rate. 
. . 

3. A digital information receiver according to 

claim 1, characterized in that the digital information 

receiver further includes an input device for inputting 

an instruction from a user which mode should be used 

between the signal strength based antenna selection mode 

and the error rate based antenna selection mode, and in 

that the controlling means controls the antenna selector 

such that an antenna is selected in a mode inputted to 

the input device. 

4. A digital information receiver according to 

claim 1, characterized in that 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 based 

mode when the detected current position is in a rural 

area or highway. 

5. A digital information receiver according to 

claim 1, characterized in that the 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 

based mode is selected and the error rate of the digital 

information is kept greater than a predetermined value 

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 

selected anc;i the error rate of the digital information is 

kept greater than a predetermined value for a 

predetermined time period. 

6. 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 

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

based mode is selected and the error rate of the digital 

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 current antenna 

selection mode is switched to the signal 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 time period 

corresponding to a speed detected by the moving speed 

detecting means. 

7. A digital informat.j.on receiver according to 

claim 1, characterized in that the-digital information 

receiver further includes means for detecting a moving 

speed of the vehicle, and i.n that the controlling means 

controls the antenna selector such that the current 

antenna selection mode is switched to the error rate 

based antenna selection mode wh~ the signal strength 

based mode is selected and the error rate of the digital 

information is kept greater than a value corresponding 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 greater than a value corresponding to a speed 

detected by the moving speed detecting means for a 

predetermined time period. 

8. A digital information receiver according to 

claim 1, characterized in that the d~gital 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 

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 greater than a value corresponding to 

a speed detected by the moving speed detecting means f.or 

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 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 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 

- - - r 
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claim 1, · characterized in that the control_ling 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 

based mode is selected and the signal strength of the 

digital information is kept less than a predeterI!lined 

value 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 ~s selected and the signal strength of the digital 

information is kept less than a predetermined value for a 

predetermined time period. 

10. A digital informati~n 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 

antenna selection mode is switched to the error rate 

based antenna selection mode when the signal strength 

based mode is selected and the signal strength of the 

digital information is kept less than a predetermined 

value for ~ 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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, base.d antenna selection mode when the error rate based 

mode is selected and the signal strength of the digital 

information is kept less than a predetermined value for a 

time period corresponding to a speed detected by the 

moving speed detecting means •. 

11. 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 

antenna selection mode is switched· to the error rate 

based antenna selection mode when the signal strength 

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 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 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 predetermined 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 

speed of the vehicle, and in that the 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 

based mode is selected and the signal strength of the 

dig:i. tal :i.nformation is kept less than a value 

corresponding to a speed detected by the moving speeQ 

detecting means for a time period corresponding to a· 

speed detected by the moving speed detecting means·· .~nd 

the current antenna selection mode is switched to the 

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 

detect:i.ng means for a time period corresponding to a 

speed detected by the moving speed detecting means. 


