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(57)  A  vehicle  navigation  apparatus  comprises 
route  computing  means  (1c)  for  computing  an 
optimum  travel  route  between  a  departure  point 
and  a  destination  of  a  vehicle,  similarity  value 
calculating  means  for  calculating  similarity 
values  each  indicating  degree  of  similarity  be- 
tween  the  pattern  of  the  travel  locus  of  the 
vehicle  and  the  pattern  of  each  of  the  travel 
roads  included  in  a  road  map,  and  road  select- 
ing  means  (1b)  for  selecting,  from  the  road  map, 
candidate  travel  roads  each  having  a  road  pat- 
tern  having  a  similarity  value  exceeding  a  pre- 
determined  similarity  level.  The  candidate  travel 
roads  includes  a  present  travel  road  on  which 
the  vehicle  is  currently  traveling.  The  vehicle 
navigation  apparatus  further  comprises  deter- 
mining  means  (1c)  for  determining  as  to 
whether  or  not  one  of  the  candidate  travel  roads 
overlaps  with  the  optimum  travel  route  and 
informing  means  (5a  and  5b)  for  informing  to  a 
vehicle  driver  that  the  vehicle  comes  to  travel  on 
the  optimum  travel  route  when  it  comes  to  be 
determined  that  one  of  the  candidate  travel 
roads  overlaps  with  the  optimum  travel  route, 
and  informing  to  the  vehicle  driver  that  the 
vehicle  comes  to  stray  from  the  optimum  travel 
route  when  it  comes  to  be  determined  that  no 
candidate  travel  road  overlaps  with  the 
optimum  travel  route.  The  vehicle  navigation 
apparatus  thus  constructed  can  flexibly  deter- 
mine  whether  the  vehicle  strays  from  the 
optimum  travel  route,  thereby  making  it  poss- 
ible  to  prevent  the  vehicle  driver  from  being 
perplexed  by  wrong  information. 
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FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  a  navigation  ap- 
paratus  for  a  vehicle  and  particularly  to  a  navigation 
apparatus  which  is  to  be  mounted  on  a  land  vehicle 
such  as  an  automotive  vehicle  and  designed  to  cer- 
tainly  provide  a  vehicle  driver  with  information  avail- 
able  for  a  vehicle  travel  toward  his  destination. 

DESCRIPTION  OF  THE  PRIOR  ART 

There  have  so  far  been  a  wide  variety  of  propos- 
als  for  readily  guiding  the  vehicle  driver  to  his  destin- 
ation  in  accordance  with  the  available  information 
during  the  vehicle  travel.  Such  the  available  informa- 
tion  concerns  an  optimum  travel  route  between  the 
starting  point  and  the  destination  of  the  vehicle  as 
well  as  the  present  location  of  the  vehicle.  A  typical 
example  of  the  vehicle  navigation  apparatus  which 
are  so  constructed  as  to  provide  the  vehicle  driver 
with  the  optimum  travel  route  is  disclosed  in  Japa- 
nese  Patent  Laid-open  Publication  No.  2-277200. 
The  optimum  travel  route  and  the  present  vehicle  lo- 
cation  are  acquired  through  for  example  "a  map 
matching  method"  which  is  so  called  among  those 
skilled  in  the  art  as  disclosed  in  Japanese  Laid-open 
Publication  No.  1-53112.  According  to  the  map 
matching  method  employed  in  the  conventional  vehi- 
cle  navigation  apparatus  disclosed  in  the  above  Jap- 
anese  Laid-open  Publication,  the  present  vehicle  lo- 
cation  is  specified  by  way  of  the  steps  of  computing 
theoretical  errors  of  estimated  vehicle  locations  de- 
tected  and  calculated  by  numerous  sensors  in  a  stat- 
istical  method,  recording  the  estimated  vehicle  loca- 
tions  on  the  travel  roads  extending  within  the  range 
of  the  theoretical  errors,  updating  the  estimated  ve- 
hicle  locations  in  response  to  the  traveling  of  the  ve- 
hicle,  and  determining  a  presenttravel  road  represen- 
tative  of  a  travel  road  having  a  theoretical  error  small- 
est  in  the  theoretical  errors  of  the  estimated  vehicle 
location  of  the  vehicle.  Anothervehicle  navigation  ap- 
paratus  is  proposed  in  Japanese  Laid-open  Publica- 
tion  No.  4-313018  and  comprises  the  step  of  repeat- 
edly  computing  the  optimum  travel  route  to  prevent 
the  vehicle  from  being  navigated  far  away  from  the 
destination  of  the  vehicle  in  the  event  that  the  present 
vehicle  location  computed  by  way  of  the  map  match- 
ing  method  is  deviated  from  the  optimum  travel  route 
to  have  the  vehicle  travel  on  a  wrong  travel  road. 

The  conventional  vehicle  navigation  apparatus, 
however,  tends  to  occasionally  detect  a  wrong  pres- 
ent  vehicle  location  with  the  map  matching  method 
designed  for  computing  the  present  vehicle  location 
when  the  vehicle  is  traveling  on  one  of  two  travel 
roads  closely  similar  to,  adjoining  and  extending  in 
parallel  relationship  to  each  other.  In  this  instance,  the 
vehicle  navigation  apparatus  not  only  recomputes  the 
optimum  travel  route  but  also  informs  to  the  vehicle 

driver  that  the  vehicle  strays  from  the  optimum  travel 
route  immediately  after  the  vehicle  navigation  appa- 
ratus  detects  the  mistake  in  the  location  detection  of 
the  vehicle.  This  results  in  the  fact  that  the  vehicle 

5  driver  is  liable  to  be  perplexed  by  wrong  information 
and  that  computing  means  for  computing  the  opti- 
mum  travel  route  is  required  to  perform  the  needless 
recomputation  of  the  optimum  travel  route. 

On  the  other  hand,  there  have  so  far  been  pro- 
10  posed  other  prior-art  vehicle  navigation  apparatus  of 

this  kind  which  include  those  disclosed  for  example  in 
Japanese  Laid-open  Publication  Nos.  62-102113and 
2-154111. 

The  vehicle  navigation  apparatus  disclosed  in 
15  Japanese  laid-open  Publication  No.  62-102113  is  de- 

signed  to  detect  branched  points  represented  by  in- 
tersections  in  front  of  the  present  vehicle  location  of 
the  vehicle  so  as  to  provide  a  vehicle  driver  with  in- 
formation  about  the  intersections  and  the  travel 

20  roads  (referred  to  hereinlater  simply  as  "cross-road") 
crossed  and  connected  with  the  intersections.  Atyp- 
ical  example  is  illustrated  in  Fig.  8  as  indicating  the 
information  about  the  cross-roads  by  way  of  a  map 
representing  screen  having  a  map  information  dis- 

25  playing  section  1  00  indicative  of  a  present  vehicle  lo- 
cation  101,  a  branched  point  102,  and  road  identify- 
ing  numbers  A,  B  and  C.  In  addition  to  the  map  infor- 
mation  as  described  above,  the  map  representing 
screen  100  is  designed  to  have  a  road  information 

30  displaying  section  110  indicative  of  information  about 
the  name  111  of  the  branched  points  102  and  about 
the  cross-roads  with  the  road  identifying  numbers  A, 
B  and  C,  the  latter  of  which  are  exemplified  by  the 
cross-road  names  112  and  additional  information  113 

35  about  travel  roads.  Therefore,  the  map  representing 
screen  makes  it  possible  for  the  vehicle  driver  to  ac- 
quire  such  information  as  the  present  vehicle  loca- 
tion,  the  branched  points  and  the  cross-roads. 

The  navigation  apparatus  for  a  vehicle  disclosed 
40  in  Japanese  Laid-open  Publication  No.  2-154111  is 

constructed  to  detect  the  present  vehicle  location  and 
the  name  of  the  next  intersection  on  the  travel  road 
toward  the  vehicle's  destination  and  to  have  a  map 
representing  screen  for  providing  the  vehicle  driver 

45  with  information  in  regard  to  the  names  of  the  inter- 
sections  and  the  cross-roads  on  which  the  vehicle 
driver  is  required  to  drive  his  car.  The  vehicle  naviga- 
tion  apparatus  herein  disclosed  renders  it  possible  for 
the  vehicle  driver  to  catch  through  the  map  represent- 

so  ing  screen  the  information  concerning  the  names  of 
the  intersections  and  the  cross-roads  having  the  ve- 
hicle  driver  required  to  drive  his  car  thereon  to  the  ve- 
hicle's  destination. 

The  conventional  vehicle  navigation  apparatus 
55  as  proposed  in  the  foregoing  description  encounter 

such  disadvantages  that  the  navigation  apparatus 
appear  to  be  unable  to  detect  an  accurate  present  ve- 
hicle  location  while  the  vehicle  is  traveling  on  such 
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areas  as  having  congested  and  intricate  roads  and 
side  roads  extending  in  close  and  side-by-side  rela- 
tionship  with  certain  high-ways. 

In  order  for  the  vehicle  driver  to  immediately  ob- 
tain  information  about  a  present  vehicle  location  on 
which  the  vehicle  is  currently  traveling  in  the  conven- 
tional  navigation  apparatus  as  disclosed  for  example 
in  Japanese  Laid-open  Publication  No.  62-102113, 
the  vehicle  driver  is  requested  to  search  a  target  road 
identifying  number  indicative  of  a  present  travel  road 
from  the  road  identifying  numbers  A,  B  and  C  dis- 
played  on  the  road  information  displaying  section  100 
of  the  map  representing  screen  so  as  to  select  a  tar- 
get  road  identifying  numberfrom  the  road  identifying 
numbers  A,  B  and  C  indicated  on  the  road  information 
displaying  section  100  of  the  map  representing 
screen.  Another  drawback  is  encountered  in  that  the 
travel  distance  between  the  present  vehicle  location 
101  of  the  vehicle  and  the  branched  point  102  is  re- 
quired  to  be  computed  by  multiplying  the  actual  travel 
distance  appearing  on  the  map  information  display- 
ing  section  100  of  the  map  representing  screen  by  the 
reduction  scale  of  the  road  map  displayed  thereon. 

Especially  in  the  case  of  the  relatively  large  re- 
duction  ratio  of  the  road  map  and  the  area  relatively 
congested  and  intricate  in  the  map  representing 
screen  of  the  display  unit,  it  appears  to  occasionally 
be  unable  to  search  the  present  vehicle  location  101 
on  the  map  representing  screen  of  the  display  unit.  It 
is  extremely  difficult  for  the  vehicle  driver  to  deter- 
mine  as  to  how  roads  the  vehicle  is  currently  traveling 
on  in  the  road  map  displayed  on  the  map  information 
displaying  section  100  of  the  map  representing 
screen  of  the  display  unit.  The  above  road  search  and 
determination  are  time-consuming  for  the  vehicle 
driver,  thereby  resulting  in  paying  attention  other  than 
the  driving  operation  and  thus  endangering  the  driver 
on  the  traffic  safety. 

It  is  therefore  an  object  of  the  present  invention 
to  prevent  the  vehicle  driver  from  being  perplexed  by 
providing  a  navigation  apparatus  designed  to  be  able 
to  flexibly  determine  as  to  whether  the  vehicle  strays 
from  the  optimum  travel  route. 

It  is  another  object  of  the  present  invention  to  ex- 
clude  unnecessary  recomputations  of  the  optimum 
travel  routes  by  providing  a  navigation  apparatus  de- 
signed  to  be  able  to  flexibly  determine  as  to  whether 
the  vehicle  strays  from  the  optimum  travel  route. 

It  is  a  further  object  of  the  present  invention  to 
provide  a  vehicle  navigation  apparatus  which  is  de- 
signed  to  be  able  to  detect  and  compute  an  accurate 
present  vehicle  location  of  the  present  travel  road  on 
which  the  vehicle  is  traveling  through  a  conventional 
map  matching  method  and  thus  to  easily  recognize 
the  name  of  the  present  travel  road. 

It  is  a  yet  further  object  of  the  present  invention 
to  provide  a  vehicle  navigation  apparatus  which  is  de- 
signed  to  provide  a  vehicle  driver  with  information 

concerning  cross-roads  positioned  close  to  and  in 
front  of  a  present  vehicle  location  on  the  present  trav- 
el  road  of  vehicle. 

5  SUMMARY  OF  THE  INVENTION 

According  to  one  aspect  of  the  present  invention 
there  is  provided  a  navigation  apparatus  for  a  vehicle, 
comprising  road  map  storing  means  for  storing  a  road 

10  map  made  up  of  a  plurality  of  travel  roads  each  having 
the  vehicle  travel  thereon,  setting  means  for  setting 
the  departure  point  and  destination  of  the  vehicle,  op- 
timum  travel  route  computing  means  for  computing 
an  optimum  travel  route  between  the  departure  point 

15  and  destination  of  the  vehicle  set  by  the  setting 
means,  location  data  producing  means  for  producing 
location  data  indicative  of  the  locations  of  the  vehicle, 
vehicle  location  estimating  means  for  estimating  ve- 
hicle  locations  at  regular  intervals  on  the  basis  of  the 

20  location  data  produced  by  the  location  data  producing 
means,  travel  locus  acquiring  means  for  acquiring  a 
travel  locus  defined  by  the  estimated  vehicle  loca- 
tions,  similarity  value  calculating  means  for  calculat- 
ing  similarity  values  each  indicating  degree  of  simi- 

25  larity  between  the  pattern  of  the  travel  locus  acquired 
by  the  travel  locus  acquiring  means  and  the  pattern 
of  each  of  the  travel  roads  included  in  the  road  map, 
candidate  travel  road  selecting  means  for  selecting, 
from  the  road  map,  candidate  travel  roads  each  hav- 

30  ing  a  road  pattern  having  a  similarity  value  exceeding 
a  predetermined  similarity  level,  the  candidate  travel 
roads  including  a  present  travel  road  on  which  the  ve- 
hicle  is  currently  traveling,  determining  means  for  de- 
termining  as  to  whether  or  not  one  of  the  candidate 

35  travel  roads  selected  by  the  candidate  travel  road  se- 
lecting  means  overlaps  with  the  optimum  travel  route 
computed  by  the  optimum  travel  route  computing 
means,  and  informing  means  for  informing  to  the  ve- 
hicle  driver  that  the  vehicle  comes  to  travel  on  the  op- 

40  timum  travel  route  when  it  comes  to  be  determined  by 
the  determining  means  that  one  of  the  candidate  trav- 
el  roads  overlaps  with  the  optimum  travel  route,  and 
informing  to  the  vehicle  driver  that  the  vehicle  comes 
to  stray  from  the  optimum  travel  route  when  it  comes 

45  to  be  determined  by  the  determining  means  that  no 
candidate  travel  road  overlaps  with  the  optimum  trav- 
el  route. 

According  to  another  aspect  of  the  present  inven- 
tion  there  is  provided  a  navigation  apparatus  for  a  ve- 

50  hide,  comprising  road  map  storing  means  for  storing 
a  road  map  made  up  of  a  plurality  of  travel  roads  each 
having  the  vehicle  travel  thereon,  setting  means  for 
setting  the  departure  point  and  destination  of  the  ve- 
hicle,  optimum  travel  route  computing  means  for 

55  computing  an  optimum  travel  route  between  the  de- 
parture  point  and  destination  of  the  vehicle  set  by  the 
setting  means,  location  data  producing  means  for 
producing  location  data  indicative  of  the  locations  of 
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the  vehicle,  vehicle  location  estimating  means  for  es- 
timating  vehicle  locations  at  regular  intervals  on  the 
basis  of  the  location  data  produced  by  the  location 
data  producing  means,  travel  locus  acquiring  means 
for  acquiring  a  travel  locus  defined  by  the  estimated 
vehicle  locations,  similarity  value  calculating  means 
for  calculating  similarity  values  each  indicating  de- 
gree  of  similarity  between  the  pattern  of  the  travel  lo- 
cus  acquired  by  the  travel  locus  acquiring  means  and 
the  pattern  of  each  of  the  travel  roads  included  in  the 
road  map,  candidate  travel  road  selecting  means  for 
selecting,  from  the  road  map,  candidate  travel  roads 
each  having  a  road  pattern  having  a  similarity  value 
exceeding  a  predetermined  similarity  level,  the  can- 
didate  travel  roads  including  a  present  travel  road  on 
which  the  vehicle  is  currently  traveling,  road  specify- 
ing  means  for  specifying  on  the  basis  of  the  estimat- 
ed  vehicle  location  a  present  vehicle  location  on  a 
candidate  travel  road  having  a  road  pattern  with  the 
largest  similarity  value,  and  determining  means  for 
determining  as  to  whether  or  not  one  of  the  candidate 
travel  roads  selected  by  the  candidate  travel  road  se- 
lecting  means  overlaps  with  the  optimum  travel  route 
computed  by  the  optimum  travel  route  computing 
means,  wherein  the  optimum  travel  route  computing 
means  recomputes  the  optimum  travel  route  be- 
tween  the  present  vehicle  location  and  the  destina- 
tion  of  the  vehicle  only  when  it  comes  to  be  deter- 
mined  by  the  determining  means  that  no  candidate 
travel  road  overlaps  with  the  optimum  travel  route. 

According  to  a  further  aspect  of  the  present  in- 
vention  there  is  provided  a  navigation  apparatus  for 
a  vehicle,  comprising  road  map  data  storing  means  for 
storing  road  map  data  including  road  data  and  road 
name  data,  the  road  data  being  indicative  of  a  plural- 
ity  of  travel  roads  and  the  road  name  data  being  indi- 
cative  of  road  names  of  the  travel  roads,  location  data 
producing  means  for  producing  location  data  indica- 
tive  of  the  locations  of  the  vehicle,  a  locator  unit  com- 
prising  vehicle  location  estimating  means  for  esti- 
mating  vehicle  locations  at  regular  intervals  on  the 
basis  of  the  location  data  produced  by  the  location 
data  producing  means,  and  present  travel  road  se- 
lecting  means  for  selecting  a  present  travel  road  on 
which  the  vehicle  is  currently  traveling  on  the  basis 
of  the  estimated  vehicle  locations  estimated  by  the 
vehicle  location  estimating  means,  a  control  unit 
comprising  road  name  reading  means  for  reading  out 
a  present  travel  road  name  corresponding  to  the  pres- 
ent  travel  road  from  the  road  map  data  stored  in  the 
road  map  data  storing  means,  and  road  informing 
means  for  informing  the  vehicle  driver  of  the  present 
travel  road  name  read  out  by  the  road  name  reading 
means. 

Additionally,  the  control  unit  of  the  navigation  ap- 
paratus  according  to  the  further  aspect  of  the  present 
invention  may  further  comprise  cross-road  searching 
means  for  searching  from  the  road  map  data  storing 

means  cross-roads  angularly  extending  at  and  from 
intersections  located  close  to  and  in  front  of  the  pres- 
ent  vehicle  location,  cross-road  name  reading  means 
for  reading  out  one  of  the  cross-roads  from  the  road 

5  map  data  storing  means,  and  distance  calculating 
means  for  calculating  the  distance  of  the  present  trav- 
el  road  between  the  present  vehicle  location  and  the 
intersection  having  the  cross-roads  extending  there- 
from,  the  road  informing  means  informing  the  vehicle 

10  driver  of  the  cross-road  and  the  calculated  road  dis- 
tance  of  the  present  travel  road  in  addition  to  the  pres- 
ent  travel  road  name. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
15 

The  features  and  advantages  of  the  vehicle  nav- 
igation  apparatus  in  accordance  with  the  present  in- 
vention  will  be  more  clearly  understood  from  the  fol- 
lowing  description  take  in  conjunction  with  the  ac- 

20  companying  drawings  in  which: 
Fig.  1  shows  a  block  diagram  representative  of 
the  construction  of  a  vehicle  navigation  appara- 
tus  according  to  the  present  invention; 
Fig.  2  shows  a  block  diagram  for  schematically 

25  explaining  functions  of  a  locator  partially  forming 
the  vehicle  navigation  apparatus  shown  in  Fig.  1 
and  calculating  a  present  vehicle  location; 
Fig.  3  shows  a  flowchart  representative  of  the 
procedure  of  determination  as  to  whether  regis- 

30  tered  links  forming  candidate  travel  roads  partial- 
ly  overlaps  with  links  forming  an  optimum  travel 
route  between  the  departure  point  and  the  des- 
tination  of  the  vehicle; 
Fig.  4  shows  a  plan  view  of  a  display  unit  having 

35  a  screen  for  displaying  the  road  map  and  a  win- 
dow  partly  occupying  the  screen  to  depict  the  in- 
formation  about  the  present  travel  road,  the 
cross-road  names,  and  the  travel  distances  be- 
tween  the  present  vehicle  location  and  the  inter- 

40  sections  having  the  cross-roads  angularly  ex- 
tending  therefrom; 
Fig.  5  shows  a  block  diagram  representative  of 
the  construction  of  a  vehicle  navigation  appara- 
tus  according  to  the  present  invention; 

45  Fig.  6(a)  shows  a  travel  road  B  representative  of 
a  minor  road  such  as  an  alley  excluded  from  link 
the  data  of  the  road  map  data  and  a  present  travel 
road  A  having  the  vehicle  currently  travel  there- 
on; 

so  Fig.  6(b)  shows  a  travel  road  B  not  read  out  by  the 
road  map  data  stored  in  the  recording  medium 
and  a  cross-road  A  having  its  own  name; 
Fig.  7  shows  a  flowchart  indicative  of  the  opera- 
tion  of  the  vehicle  navigation  apparatus  accord- 

55  ing  to  the  present  invention;  and 
Fig.  8  shows  a  plan  view  of  a  conventional  display 
unit  having  a  map  representing  screen  having  a 
map  information  displaying  section  indicative  of 

4 
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a  present  vehicle  location,  a  branched  point,  and 
road  identifying  numbers,  and  a  road  information 
displaying  section  indicative  of  information  about 
the  name  of  the  branched  points  and  the  cross- 
roads  with  the  road  identifying  numbers. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Referring  to  the  drawings,  first  particularly  to  Fig. 
1  thereof,  a  vehicle  navigation  apparatus  embodying 
the  present  invention  is  shown  as  comprising  a  gyro 
la  such  as  a  vibration  gyro  or  an  optical  fiber  gyro  for 
detecting  the  turning  angular  velocities  of  the  vehicle 
at  regular  intervals,  and  a  terrestrial  magnetism  sen- 
sor  2b  for  detecting  another  vehicle  travel  direction 
according  to  the  terrestrial  magnetism  (the  magnetic 
field  of  the  earth)  at  regular  intervals.  Based  on  the 
output  of  the  gyro  la  or  terrestrial  magnetism  sensor 
2b,  variations  of  the  vehicle  travel  direction  are  cal- 
culated  and  integrated  in  order  to  obtain  vehicle  loca- 
tions.  Therefore,  at  least  one  of  the  gyro  la  and  the 
terrestrial  magnetism  sensor  2b  forms  vehicle  direc- 
tion  variation  sensor  for  detecting  the  variations  of 
the  travel  direction  of  the  vehicle  at  regular  intervals. 
However,  the  vehicle  travel  direction  obtained  from 
the  gyro  la  is  not  an  absolute  direction  so  that  the  ve- 
hicle  travel  direction  comes  to  drift,  while  the  travel 
direction  obtained  from  the  terrestrial  magnetism 
sensor  2b  tends  to  include  a  gross  error  when  the  ve- 
hicle  passes  a  railroad  crossing,  an  iron  or  steel 
bridge,  a  large  vehicle  such  as  a  truck  or  bus  or  the 
like.  Consequently,  from  the  gyro  la  and  the  terres- 
trial  magnetism  sensor  2b  is  selected  one  direction 
sensing  device  depending  upon  a  preferable  sensing 
condition. 

The  vehicle  navigation  apparatus  further  com- 
prises  a  vehicle  speed  sensor  2a  for  detecting  the 
travel  speed  of  the  vehicle,  and  a  shift  sensor  2c  for 
detecting  shift  positions  assumed  by  a  shift  control 
lever  of  the  vehicle  to  represent  such  conditions  as  to 
have  the  vehicle  moving  forward  or  backward.  The 
vehicle  speed  sensor  2a  is  constituted  by,  for  exam- 
ple,  a  wheel  speed  sensor  for  detecting  the  wheel 
speed  of  the  vehicle.  In  this  case,  the  wheel  speed  de- 
tected  by  the  wheel  speed  sensor  is  required  to  be 
converted  to  the  vehicle  speed.  The  travel  distance  of 
the  vehicle  results  from  the  vehicle  speed  data  and 
the  forward  or  backward  movement  data  and  as  a 
consequence  the  vehicle  speed  sensor  2a  and  the 
shift  sensor  2c  collectively  form  a  travel  distance  sen- 
sor  for  detecting  the  travel  distance  of  the  vehicle  at 
regular  intervals.  All  of  the  output  data  derived  from 
the  gyro  1a,  vehicle  speed  sensor  2a,  the  terrestrial 
magnetism  sensor  2b  and  the  shift  sensor  2c  are 
available  for  an  estimation  of  vehicle  location.  For  in- 
stance,  the  vehicle  location  can  be  estimated  in  a 
manner  integrating  the  travel  distances  detected  by 

the  speed  sensor  2a  and  the  shift  sensor  2c  at  the 
regular  intervals  and  integrating  the  turning  angular 
velocities  detected  by  the  gyro  1a  at  the  regular  inter- 
vals.  On  the  other  hand,  the  reference  character  2d 

5  denotes  a  global  positioning  system  (hereinafter  sim- 
ply  referred  to  as  "GPS")  designed  to  receive  radio 
waves  from  a  plurality  of  artificial  satellites  revolving 
around  the  earth  to  produce  the  location  data  based 
on  the  received  radio  waves.  Therefore,  the  GPS  or 

10  a  sensing  unit  constituted  by  the  gyro  la,  vehicle 
speed  sensor  2a,  the  terrestrial  magnetism  sensor  2b 
and  the  shift  sensor  2  forms  location  data  producing 
means  for  producing  location  data  indicative  of  the  lo- 
cations  of  the  vehicle. 

15  The  vehicle  navigation  apparatus  further  com- 
prises  a  CD-ROM  (Compact  Disk  -  Read  Only  Mem- 
ory)  unit  3  and  a  CD-ROM  3a  operably  and  detach- 
ably  received  in  the  CD-ROM  unit  3.  The  CD-ROM  3a 
is  a  sort  of  a  read-only  nonvolatile  recording  medium 

20  having  large  capacity  but,  if  desired,  may  be  replaced 
with  an  IC  (Integrated  Circuit)  memory  card,  a  mini 
disk,  a  magnetic  tape  and  so  on.  The  CD-ROM  3a  de- 
fines  now  map  storing  means  for  storing  a  road  map 
made  up  of  a  plurality  of  travel  roads  each  having  the 

25  vehicle  travel  thereon.  More  specifically,  the  CD- 
ROM  3a  stores  a  road  map  data  representative  of  a 
graphically  displayed  road  map  specially  made  so  as 
to  have  a  reduction  scale  of  1  to  2,500  and  divided  into 
a  plurality  of  mesh  sections.  The  road  map  data  com- 

30  prises  two  different  type  data  constituted  by  trunk 
travel  road  data  indicative  of  trunk  travel  roads  such 
as  superhighways,  automobile  roads,  highways, 
state  highways,  provincial  highways,  country  trunk 
highways,  and  all  travel  road  data  indicative  of  all 

35  travel  roads  on  the  road  map  inclusive  not  only  of  the 
aforementioned  trunk  travel  road  but  also  of  all  minor 
roads  such  as  town  roads  and  village  roads.  Each  of 
the  travel  roads  defined  by  the  road  map  data  memo- 
rized  in  the  CD-ROM  3a  is  indicated  by  nodes  and 

40  links.  Each  of  the  nodes  is  representative  of  a  coor- 
dinate  specifying  the  turning  point  (junction)  or  cor- 
ner  of  the  travel  road,  the  node  defined  by  the  turning 
point  being  permitted  to  be  called  a  turning-point 
node,  while  the  node  defined  by  the  corner  being  per- 

45  mitted  to  be  called  an  interpolation  node.  In  addition, 
the  node  is  defined  by  node  data  indicative  of  the 
node  number,  the  address  of  the  node  in  a  mesh  sec- 
tion  adjoining  the  mesh  section  originally  including 
the  node  in  the  case  that  the  node  is  shown  in  the  ad- 

50  joining  mesh  sections,  and  an  address  of  a  link  ex- 
tending  from  the  node.  Each  of  the  links  is,  on  the 
other  hand,  indicative  of  road  segment  between  the 
adjoining  nodes,  and  defined  by  link  data  indicative  of 
the  link  number  of  the  link,  addresses  of  starting  and 

55  ending  nodes  at  the  both  ends  of  the  link,  the  distance 
of  the  road  segment  defined  by  the  link,  the  direction 
in  which  the  vehicle  travels  on  the  road  segment  de- 
fined  by  the  link,  the  vehicle  travel  time  during  the 

5 
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travel  on  the  road  segment  in  the  direction,  the  sort 
of  a  travel  road  partially  defined  by  the  link,  the  width 
of  a  travel  road  partially  defined  by  the  link,  and  in- 
formation  of  traffic  restrictions  including  the  one- 
way,  right-or  left-turn  restriction  in  a  road  partially  de- 
fined  by  the  link.  The  traffic  restriction  information 
covers  all  the  trunk  roads  and  partially  covers  miner 
roads. 

The  vehicle  navigation  apparatus  further  com- 
prises  an  input  switching  unit  4  operated  by  the  vehi- 
cle  driver,  a  display  unit  5a  such  as  an  CRT  (Cathode 
Ray  Tube)  display  or  a  liquid  crystal  display  for  dis- 
playing  information  to  guide  the  vehicle  driver  to  a 
destination,  a  loudspeaker  unit  5b  for  generating 
voice  for  the  information,  and  an  AV  (Audio  and  Vis- 
ual)  unit  5  for  controlling  the  display  unit  5a  and  the 
loudspeaker  unit  5b.  The  input  switching  unit  4  is  con- 
stituted  by  a  plurality  of  switches  having  the  vehicle 
driver  input  his  various  instructions  thereto.  In  re- 
sponse  to  the  instructions  by  the  vehicle  driver,  for  in- 
stance,  the  operation  of  the  vehicle  navigation  appa- 
ratus  is  started  and  stopped,  and  a  cursor  indicated 
on  a  screen  of  the  display  unit  5a  is  moved.  The  dis- 
play  unit  5a  is  designed  to  display  the  road  map  in  part 
and  to  enable  the  road  map  to  be  scrolled  in  accor- 
dance  with  the  instruction  inputted  by  the  vehicle 
driver  through  the  input  switching  unit  4,  so  that  the 
vehicle  driver  obtains  a  desirable  area  of  the  road  map 
on  the  screen  of  the  display  unit  5a.  In  addition  to  the 
road  map,  the  display  unit  5a  is  adapted  to  display  an 
initial  setting  menu  from  the  AV  unit  5  before  the  ve- 
hicle  starts  to  travel.  If  the  departure  point  and  des- 
tination  on  the  displayed  road  map  is  touched  by  the 
vehicle  driver  under  the  condition  that  the  initial  menu 
is  displayed  on  the  screen  of  the  display  unit  5a,  the 
departure  point  and  destination  of  the  vehicle  are  in- 
putted  to  the  AV  unit  5  through  the  display  unit  5a. 
Therefore,  the  AV  unit  5  and  the  display  unit  5a  col- 
lectively  defines  setting  means  for  setting  the  depar- 
ture  point  and  destination  of  the  vehicle.  Incidentally, 
the  departure  point  can  be  regarded  as  a  present  ve- 
hicle  location  detected  by  the  vehicle  navigation  ap- 
paratus.  For  this  reason,  the  departure  point  of  the 
vehicle  is  recognized  in  general  by  the  AV  unit  5  with- 
out  the  departure  point  input  operation  of  the  vehicle 
driver. 

The  vehicle  navigation  apparatus  further  com- 
prises  a  locator  1b  having  a  function  for  estimating 
vehicle  locations  at  regular  intervals  on  the  basis  of 
the  location  data  produced  by  the  location  data  pro- 
ducing  means.  The  vehicle  location  is  estimated  by 
the  locator  1b  in  a  manner  integrating  the  travel  dis- 
tances  detected  by  the  vehicle  speed  sensor  2a  and 
the  shift  sensor2c  and  integrating  the  turning  angular 
velocities  detected  by  the  gyro  la.  The  locator  1  b  fur- 
ther  has  functions  for  calculating  a  vehicle  existing 
area  covering  the  estimated  vehicle  location  and  hav- 
ing  distribution  of  vehicle  existing  probabilities  that 

the  vehicle  exists  on  locations  included  in  the  vehicle 
existing  area  and  inclusive  of  the  estimated  vehicle 
location,  and  for  selecting  preliminary  travel  roads 
from  travel  roads  each  partially  surrounded  by  and  in 

5  the  vehicle  existing  area.  The  distribution  of  vehicle 
existing  probabilities  is  largest  at  the  estimated  vehi- 
cle  location  and  gradually  decreased  in  a  direction 
away  from  the  estimated  vehicle  location. 

The  locator  1  b  further  has  functions  for  acquiring 
10  a  travel  locus  defined  by  the  estimated  vehicle  loca- 

tions,  and  for  calculating  similarity  values  each  indi- 
cating  degree  of  similarity  between  the  pattern  of  the 
acquired  travel  locus  and  the  pattern  of  each  of  the 
selected  preliminary  travel  roads.  The  locator  1  b  fur- 

is  ther  has  functions  for  selecting,  from  the  preliminary 
travel  roads,  candidate  travel  roads  each  having  a 
road  pattern  having  a  similarity  value  exceeding  a 
predetermined  similarity  value,  the  candidate  travel 
roads  including  a  present  travel  road  on  which  the  ve- 

20  hide  is  currently  traveling,  and  for  specifying  on  the 
basis  of  the  estimated  vehicle  location  the  present 
vehicle  location  on  a  candidate  travel  road  having  a 
road  pattern  with  the  largest  similarity  value.  The  lo- 
cator  1  b  further  has  a  function  for  modifying  the  pre- 

25  determined  similarity  level  in  such  a  manner  that  the 
predetermined  similarity  level  is  raised  when  it  comes 
to  be  determined  that  one  of  the  candidate  travel 
roads  overlaps  with  the  optimum  travel  route,  and 
that  the  predetermined  similarity  level  is  lowered 

30  when  it  comes  to  be  determined  that  no  candidate 
travel  road  overlaps  with  the  optimum  travel  route. 
The  determination  of  the  overlapping  of  the  candi- 
date  travel  road  with  the  optimum  travel  route  is 
made  by  a  control  unit  1c  described  hereinlater. 

35  The  control  unit  1c  partially  forms  the  vehicle 
navigation  apparatus  and  is  constituted  by  a  micro 
computer,  a  figure  processor  and  an  image  process- 
ing  memory.  Additionally,  the  control  unit  1c  designed 
to  control  the  locator  1b,  the  CD-ROM  unit  3  and  the 

40  input  switching  unit  4  and  the  AV  unit  5,  and  have  a 
function  for  computing  an  optimum  travel  route  be- 
tween  the  departure  point  and  destination  of  the  ve- 
hicle  set  by  the  display  unit  5a  and  the  AV  unit  5.  The 
control  unit  1c  further  has  functions  for  determining 

45  as  to  whether  or  not  one  of  the  candidate  travel  roads 
selected  by  the  locator  1  b  overlaps  with  the  computed 
optimum  travel  route,  and  for  recomputing  the  opti- 
mum  travel  route  between  the  present  vehicle  loca- 
tion  and  destination  of  the  vehicle  only  when  it  comes 

so  to  be  determined  that  no  candidate  road  overlaps 
with  the  optimum  travel  route. 

The  optimum  travel  route  between  the  departure 
point  and  destination  of  the  vehicle  is  computed,  for 
instance,  by  way  of  a  so-called  "Dijkstra  method"  dis- 

ss  closed  in  Japanese  Patent  Laid-open  Publication  No. 
1-138409.  In  the  Dijkstra  method  herein  disclosed,  a 
node  or  link  closest  to  the  destination  of  the  vehicle 
forms  a  start  point,  while  a  node  or  link  closest  to  the 
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departure  point  of  the  vehicle  forms  an  end  point.  As- 
suming  that  a  plurality  of  links  successively  connect- 
ed  to  one  another  and  leading  from  the  start  point  to 
the  end  point  forms  a  tree,  link  costs  of  all  the  links 
constituting  the  tree  is  calculated  and  then  link  costs 
of  links  forming  a  travel  route  from  the  start  point  to 
the  end  point  are  successively  added  to  calculate 
route  cost  of  the  travel  route.  Similarly,  route  costs  of 
other  travel  routes  from  the  start  point  to  the  end  point 
is  calculated.  A  travel  route  having  the  smallest  route 
cost  is  selected  from  all  of  the  travel  routes  leading 
from  the  start  point  and  the  end  point  and  forms  the 
optimum  travel  route  between  the  departure  point 
and  destination  of  the  vehicle.  In  advance  of  evaluat- 
ing  the  link  cost,  a  travel  distance,  travel  time,  wheth- 
er  superhighways  are  used  or  not,  number  of  turns, 
probability  of  travel  on  trunk  roads,  avoidance  of 
zones  where  traffic  accidents  occur  frequently,  driv- 
er's  interest  and  so  on  are  taken  into  consideration. 
The  control  unit  1c  is  further  adapted  to  read  out  road 
map  data  indicative  of  a  desirable  road  map  area  from 
the  CD-ROM  3a  through  the  CD-ROM  unit  3  and  cal- 
culate  guidance  display  data  indicative  of  guidances 
displayed  on  the  screen  of  the  display  unit  5a. 

In  response  to  instructions  from  the  control  unit 
1  c  through  the  AV  unit  5,  the  display  unit  5a  is  adapted 
to  display  on  its  screen  the  information  that  the  vehi- 
cle  comes  to  travel  on  the  optimum  travel  route  when 
it  comes  to  be  determined  by  the  control  unit  1c  that 
one  of  the  candidate  travel  roads  overlaps  with  the 
optimum  travel  route,  and  that  the  vehicle  comes  to 
stray  from  the  optimum  travel  route  when  it  comes  to 
be  determined  by  the  control  unit  1c  that  no  candidate 
travel  road  overlaps  with  the  optimum  travel  route. 
Similarly,  the  loudspeaker  unit  5b  is  adapted  to  voice 
the  information  that  the  vehicle  comes  to  travel  on  the 
optimum  travel  route  and  that  the  vehicle  comes  to 
stray  from  the  optimum  travel  route  in  response  to  the 
instructions  from  the  control  unit  1c  through  the  AV 
unit  5.  At  least  one  of  the  display  unit  5a  and  the  loud- 
speaker  unit  5b  forms  therefore  informing  means  for 
informing  to  the  vehicle  driver  that  the  vehicle  comes 
to  travel  on  the  optimum  travel  route  when  it  comes 
to  be  determined  that  one  of  the  candidate  travel 
roads  overlaps  with  the  optimum  travel  route,  and  in- 
forming  to  the  vehicle  driver  that  the  vehicle  comes  to 
stray  from  the  optimum  travel  route  when  it  comes  to 
be  determined  that  no  candidate  travel  road  overlaps 
with  the  optimum  travel  route. 

Now,  the  operations  of  the  locator  1b  will  be  de- 
scribed  hereinlater  in  detail  with  reference  to  Fig.  2 
which  shows  a  block  diagram  indicative  of  functions 
of  the  locator  1b  in  order  to  make  easy  the  under- 
standing  of  the  operation  thereof. 

The  direction  data  outputted  from  the  gyro  1a 
and  the  terrestrial  magnetism  sensor  2b  are  fed  to  an 
input  processing  unit  22  to  estimate  an  travel  direc- 
tion  of  the  vehicle  by  way  of  appropriate  correction 

and  filtering  processes.  At  the  same  time,  the  dis- 
tance  data  outputted  from  the  speed  sensor  2a  and 
the  shift  sensor  2c  are  fed  to  the  input  processing  unit 
22  to  obtain  a  travel  distance  of  the  vehicle.  Based  on 

5  the  estimated  travel  direction  and  the  travel  distance, 
a  vehicle  location  at  the  present  time  is  estimated  by 
a  present  vehicle  location  estimating  unit  23.  In  addi- 
tion,  the  estimated  vehicle  location  is  updated  by  the 
present  vehicle  location  estimating  unit  23  on  the  ba- 

10  sis  of  vehicle  location  data  indicative  of  an  up-to-date 
present  vehicle  location  corrected  by  a  location  re- 
setting  unit  25.  Then,  a  present  vehicle  travel  road  on 
which  the  vehicle  is  currently  traveling  is  acquired  by 
the  travel  road  estimating  unit  24,  the  present  vehicle 

15  travel  having  the  largest  similarity  value.  At  the  same 
time,  a  present  vehicle  location  is  specified  on  the 
present  vehicle  travel  road  by  the  travel  road  estimat- 
ing  unit24,  the  present  vehicle  location  on  the  present 
travel  road  being  closest  to  the  estimate  vehicle  loca- 

20  tion.  The  location  resetting  unit  25  feeds  location 
data  indicative  of  the  specified  present  vehicle  loca- 
tion  to  the  present  vehicle  location  estimating  unit  23. 
If  a  difference  between  the  vehicle  position  estimat- 
ed  by  the  present  vehicle  location  estimating  unit  23 

25  and  the  presentvehicle  location  specified  by  the  trav- 
el  road  estimating  unit  24  is  comparatively  small,  the 
repeated  calculations  of  the  presentvehicle  road  and 
the  present  vehicle  location  result  in  a  road  coinci- 
dence  condition  indicating  that  the  vehicle  location 

30  estimated  and  updated  by  the  present  vehicle  loca- 
tion  estimating  unit  23  is  coincident  with  the  present 
vehicle  location  specified  by  the  travel  road  estimat- 
ing  unit  24.  In  other  wards,  the  road  coincidence  con- 
dition  means  that  the  vehicle  location  estimated  by 

35  the  present  vehicle  location  estimating  unit  23  is  an 
actual  presentvehicle  location  If,  on  the  contrary,  the 
difference  between  the  vehicle  position  estimated  by 
the  present  vehicle  location  estimating  unit  23  and 
the  present  vehicle  location  specified  by  the  travel 

40  road  estimating  unit  24  is  comparatively  large,  the  re- 
peated  calculations  of  the  present  vehicle  road  and 
the  present  vehicle  location  result  in  a  road  inconsis- 
tency  condition  indicating  that  the  vehicle  location  es- 
timated  and  updated  by  the  presentvehicle  location 

45  estimating  unit  23  is  inconsistent  with  the  presentve- 
hicle  location  specified  by  the  travel  road  estimating 
unit  24.  In  other  wards,  the  road  inconsistency  condi- 
tion  means  that  travel  road  the  present  travel  road  es- 
timated  by  the  travel  road  estimating  unit  24  is  not  an 

so  actual  present  travel  road.  In  this  case,  the  location 
resetting  unit  25  cannot  correct  the  estimated  vehicle 
location  so  that  the  estimated  vehicle  location  is  out- 
putted  from  a  presentvehicle  location  outputting  unit 
26  as  it  is,  thereby  resulting  in  the  fact  that  the  out- 

55  putted  vehicle  location  obtained  only  through  a  so- 
called  "dead-reckoning"  is  used  for  guiding  the  vehi- 
cle  driver  to  the  destination.  The  road  coincidence 
condition  and  the  road  inconsistent  condition  are  de- 
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tected  by  a  control  judgment  unit  21  .  Incidentally,  the 
links  of  the  selected  travel  road  within  the  vehicle  ex- 
isting  area  will  be  called  "registered  links"  in  the  fol- 
lowing  description.  The  registered  links,  the  link  num- 
bers  of  the  registered  links  and  the  similarity  values 
of  the  registered  links  are  memorized  by  the  control 
judgment  unit  21. 

Based  on  the  linkdata  of  the  registered  links  from 
the  control  judgment  unit  21,  the  control  unit  1c  de- 
termines  as  to  whether  or  not  the  registered  links  par- 
tially  overlap  links  of  the  optimum  travel  route,  i.e., 
whether  or  not  one  of  the  candidate  travel  roads  over- 
laps  with  the  optimum  travel  route  by  performing  a 
routine  shown  in  Fig.  3.  First,  determination  is  made 
as  to  whether  or  not  the  optimum  travel  route  is  com- 
puted  at  step  S1.  If  it  is  judged  at  the  step  1  that  op- 
timum  travel  route  has  been  computed,  control  leads 
to  step  S2  so  as  to  judge  whether  or  not  a  link  number 
data  indicative  of  link  numbers  of  the  registered  links 
are  supplied  from  the  locator  1b.  If,  at  the  step  S2,  it 
is  judged  that  the  link  numbers  of  the  registered  links 
has  been  received  from  the  locator  1b,  the  link  num- 
bers  of  the  registered  links  are  compared  with  the  link 
numbers  of  the  links  forming  the  optimum  travel  route 
at  step  S3.  As  hereinbefore  described,  the  similarity 
values  of  the  registered  links  is  larger  than  the  afore- 
mentioned  predetermined  similarity  value.  If,  for  this 
reason,  the  predetermined  similarity  value  is  ex- 
tremely  small,  the  significance  of  the  comparison  of 
the  link  numbers  is  reduced.  If,  on  the  contrary,  the 
predetermined  value  is  extremely  large,  the  number 
of  the  registered  links  expected  to  be  compared  is  de- 
creased.  In  the  unusual  case,  registered  links  forming 
only  one  candidate  travel  road  is  compared  with  the 
links  forming  the  optimum  travel  route.  As  a  conse- 
quence,  timing  of  a  determination  that  the  vehicle 
strays  from  the  optimum  travel  route  is  extremely 
early,  thereby  making  it  impossible  to  resolve  the  dis- 
advantage  of  the  aforementioned  conventional  vehi- 
cle  navigation  apparatus.  If,  at  step  S4,  it  is  judged 
that  there  are  registered  links  having  link  numbers 
which  are  in  part  equal  to  the  link  numbers  of  the  links 
of  the  optimum  travel  route,  judgment  is  made  as  to 
whether  a  travel  route  flag  indicates  "0"  or  "1  "  at  step 
S5.  The  travel  route  flag  means  that  the  vehicle  is 
traveling  on  the  optimum  travel  route  when  the  travel 
route  flag  indicates  "1",  while  the  travel  route  flag 
means  that  the  vehicle  strays  from  the  optimum  trav- 
el  route  when  the  travel  route  flag  indicates  "0".  If  it 
is  judged  at  the  step  S5  that  the  travel  route  flag  in- 
dicates  "0",  the  control  unit  1c  at  Step  S6  produces 
guide  display  data  indicative  of  information  that  the 
vehicle  comes  to  travel  on  the  optimum  travel  route 
in  order  to  transmit  the  information  to  the  vehicle  driv- 
er  since  the  vehicle  has  strayed  from  the  optimum 
travel  road  hitherto.  If  at  the  step  S5  it  is  judged  that 
the  travel  route  flag  indicates  "1",  the  control  unit  1c 
produces  no  guide  display  data  since  the  vehicle  has 

traveled  on  the  optimum  travel  route  hitherto,  and 
then  the  control  leads  to  step  S7  so  as  to  set  the  travel 
route  flag  to  "1".  If,  in  the  meantime,  it  is  at  the  step 
S4  judged  that  there  is  no  registered  link  having  link 

5  number  partially  equal  to  the  link  numbers  of  the  links 
of  the  optimum  travel  route,  determination  is  made  as 
to  whether  or  not  the  travel  route  flag  indicates  "0"  at 
step  S8.  If  it  is  determined  that  the  travel  route  flag 
indicates  "1",  the  control  unit  1c  at  Step  S9  produces 

10  guide  display  data  indicative  of  information  that  the 
vehicle  comes  to  stray  from  the  optimum  travel  route 
in  order  to  transmit  the  information  to  the  vehicle  driv- 
er  since  the  vehicle  has  traveled  on  the  optimum  trav- 
el  road  hitherto,  and  then  the  travel  route  flag  is  set 

15  to  "0"  at  step  S10.  If  at  the  step  it  is  determined  that 
the  travel  route  flag  indicates  "0",  the  control  returns 
the  step  S1. 

As  will  be  understood  from  the  aforesaid  descrip- 
tion,  the  control  unit  1c  determines  as  whether  or  not 

20  one  of  the  candidate  travel  roads  having  similarity 
values  each  exceeding  the  predetermined  similarity 
value  overlaps  with  the  optimum  travel  route.  When 
one  of  the  candidate  travel  roads  comes  to  overlap 
with  the  optimum  travel  route,  the  information  that 

25  the  vehicle  comes  to  travel  on  the  optimum  travel 
route  is  transmitted  to  the  vehicle  driver  through  the 
display  unit  5a  or  the  loudspeaker  unit  5b.  When,  on 
the  contrary,  no  candidate  travel  road  comes  to  par- 
tially  overlap  with  the  optimum  travel  route,  the  infor- 

30  mation  that  the  vehicle  comes  to  stray  from  the  opti- 
mum  travel  route  is  transmitted  to  vehicle  driver 
through  the  display  unit  5a  or  the  loudspeaker  unit  5b. 
The  plural  candidate  travel  roads  are  compared  with 
the  optimum  travel  road  in  a  usual  way.  In  this  case, 

35  the  determination  of  the  overlapping  of  the  candidate 
travel  road  with  the  optimum  travel  route  is  more  flex- 
ible  than  that  in  a  case  which  only  one  candidate  trav- 
el  road  is  compared  with  the  optimum  travel  road. 
More  specifically,  assuming  that  the  vehicle  is  travel- 

40  ing  on  one  of  two  travel  roads  adjoining  and  extending 
in  parallel  relationship  to  each  other,  degree  of  simi- 
larity  between  one  of  the  travel  roads  and  the  travel 
locus  resulting  from  the  estimated  vehicle  locations 
is  approximate  to  that  between  the  other  of  the  travel 

45  roads  and  the  travel  locus.  If  only  one  candidate  trav- 
el  road  is  required  to  be  selected,  a  candidate  travel 
road  on  which  the  vehicle  is  not  currently  traveling  is 
apt  to  be  selected.  In  this  instance,  the  selected  can- 
didate  travel  road  does  not  overlap  with  the  optimum 

so  travel  route.  However,  it  is  certain  that  the  vehicle  is 
traveling  on  the  optimum  travel  route  toward  the  des- 
tination  in  any  case  and  as  a  consequence  it  is  unnec- 
essary  for  the  vehicle  driver  to  obtain  information  that 
the  vehicle  strays  from  the  optimum  travel  route.  In 

55  the  vehicle  navigation  apparatus  of  the  present  em- 
bodiment,  both  the  candidate  travel  roads  adjoining 
and  extending  in  parallel  relationship  to  each  other 
are  selected  so  that  no  information  is  transmitted  to 
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the  vehicle  driver  so  far  as  no  candidate  travel  road 
comes  to  overlap  with  the  optimum  travel  road  as  will 
be  understood  from  the  aforesaid  explanation.  Con- 
sequently,  the  vehicle  driver  can  be  prevented  from 
being  perplexed  by  the  wrong  information. 

It  is  thus  informed  to  the  vehicle  driverthat  the  ve- 
hicle  comes  to  stray  from  the  optimum  travel  route 
when  no  candidate  travel  road  comes  to  overlap  with 
the  optimum  travel  road.  If  however  desired,  the  op- 
timum  travel  route  may  be  recomputed  by  the  control 
unit  1c  in  addition  to  or  in  place  of  the  information 
transmitting  operation  only  when  it  comes  to  be  de- 
termined  that  no  candidate  travel  road  comes  to  over- 
lap  with  the  optimum  travel  road.  In  this  case,  the  op- 
timum  travel  route  can  be  prevented  from  being  fre- 
quently  recomputed  by  the  control  unit  1c,  thereby 
enabling  the  control  unit  1c  to  effectively  carry  out 
other  calculations. 

Additionally,  the  predetermined  similarity  level 
which  is  a  criterion  for  the  selection  of  the  candidate 
travel  road  may  be  modified  by  the  control  unit  1c  in 
such  a  mannerthat  the  predetermined  similarity  level 
is  raised  when  it  comes  to  be  determined  that  one  of 
the  candidate  travel  roads  partially  overlaps  with  the 
optimum  travel  route,  and  that  the  predetermined 
similarity  level  is  lowered  when  it  comes  to  be  deter- 
mined  that  no  candidate  travel  road  partially  overlaps 
with  the  optimum  travel  road.  In  this  event,  once  it  is 
determined  that  the  vehicle  comes  to  travel  on  the  op- 
timum  travel  route,  wrong  determination  is  frequently 
not  made  as  to  whether  the  vehicle  strays  from  the 
optimum  travel  route.  As  a  result,  the  vehicle  driver 
rarely  obtains  wrong  information  based  on  the  wrong 
determination,  thereby  making  it  possible  to  prevent 
the  vehicle  driver  from  being  perplexed  by  the  wrong 
information  for  a  long  time. 

Another  embodiment  of  the  present  invention  will 
subsequently  be  described  with  reference  to  Fig.  5. 
Fig.  5  is  a  block  diagram  showing  the  construction  of 
a  vehicle  navigation  apparatus  according  to  the  pres- 
ent  invention.  As  shown  in  Fig.  5,  the  vehicle  naviga- 
tion  apparatus  comprises  a  display  unit  40  which  is 
designed  in  a  usual  manner  to  display  information  in- 
dicative  of  the  present  travel  road,  one  of  the  scrolled 
road  maps  appearing  in  the  vicinity  of  the  present  ve- 
hicle  location  and  the  present  travel  road,  the  road 
name  of  the  present  travel  road,  the  cross-road 
names  of  the  cross-roads  appearing  close  to  and  in 
front  of  the  present  vehicle  location  of  the  traveling 
vehicle,  the  travel  distances  measured  along  the 
present  travel  road  between  the  presentvehicle  loca- 
tion  and  the  intersections  formed  by  the  present  trav- 
el  road  and  the  cross-roads.  The  information  may  be 
displayed  in  a  window  sectioned  separately  or  inde- 
pendently  from  the  section  representing  the  scrolled 
road  map  concurrently  displayed  on  a  single  display 
unit  40,  or  otherwise  may  be  displayed  in  a  single  dis- 
play  unit  40  in  superimposed  relationship  with  the 

scrolled  road  map.  According  to  the  present  inven- 
tion,  there  may  be  provided  independently  of  the  dis- 
play  unit  40  for  displaying  the  road  map  an  additional 
display  unit  for  use  only  in  displaying  the  above  infor- 

5  mation.  The  information  is  given  to  the  vehicle  driver 
by  voicing  means  such  as  a  loudspeaker  unit  which  is 
provided  together  with  and  independently  of  the  dis- 
play  unit  40  for  displaying  the  road  map.  The  display 
unit  functions  to  inform  the  vehicle  driver  of  the  above 

10  information  supplied  from  a  control  unit  which  will 
come  to  be  apparent  as  the  description  proceeds. 

The  vehicle  navigation  apparatus  further  com- 
prises  a  distance  sensor  41  for  detecting  the  travel 
distances  of  the  vehicle  at  regular  intervals,  and  a  di- 

15  rection  variation  sensor  42  for  detecting  the  varia- 
tions  of  the  travel  direction  of  the  vehicle  at  regular  in- 
tervals.  The  distance  sensor41  is  employed  by  a  con- 
ventional  speed  sensor  for  detecting  travel  speeds  of 
the  vehicle  to  be  integrated  for  computing  the  travel 

20  distances  of  the  vehicle,  while  the  direction  variation 
sensor  42  is  also  utilized  by  a  prior-art  gyro  such  as 
a  vibration  gyro  and  an  optical  fiber  gyro  those  of 
which  is  adapted  to  detect  the  turning  angular  veloc- 
ities  of  the  vehicle.  The  vehicle  location  is  estimated 

25  by  location  estimating  means  in  a  manner  integrating 
the  travel  distances  detected  by  the  distance  sensor 
41  and  integrating  the  variations  of  the  travel  direc- 
tion  detected  by  the  direction  variation  sensor  42.  The 
above  distance  sensor  41  and  the  direction  variation 

30  sensor  42  form  as  a  whole  location  data  producing 
means  for  producing  location  data  indicative  of  the  lo- 
cations  of  the  vehicle.  In  addition  to  the  distance  sen- 
sor  41  and  the  direction  variation  sensor  42,  the  lo- 
cation  data  producing  means  may  comprise  radio 

35  wave  receiving  means  for  receiving  radio  waves  from 
a  plurality  of  artificial  satellites  revolving  around  the 
earth  to  produce  the  location  data  based  on  the  re- 
ceived  radio  waves  according  to  the  present  inven- 
tion.  A  typical  example  of  the  radio  wave  receiving 

40  means  is  in  general  known  as  a  "GPS"  (Global  Posi- 
tioning  System). 

The  vehicle  navigation  apparatus  further  com- 
prises  a  locator  unit  43  which  is  constructed  to  com- 
pute  and  estimate  vehicle  locations  at  regular  inter- 

45  vals  in  a  so-called  dead-reckoning  method  based  on 
the  detected  location  data  produced  by  the  distance 
sensor  41  and  the  direction  variation  sensor  42  and 
then  to  compute  the  present  travel  road  and  the  pres- 
ent  vehicle  location  in  a  road  map  matching  method 

so  based  on  the  computed  estimated  vehicle  locations 
and  the  travel  locus  defined  by  the  estimated  vehicle 
locations.  More  specifically,  the  locator  unit  43  is  op- 
erated  under  the  programs  representative  of  the 
dead-reckoning  method  through  which  the  present 

55  travel  road  and  the  present  vehicle  location  are  de- 
tected  in  estimated  manners,  and  of  the  road  map 
matching  method  through  which  the  estimated  vehi- 
cle  locations  detected  as  above  cause  a  travel  locus 
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to  be  calculated  for  determining  a  presentvehicle  lo- 
cation  and  a  present  travel  road  on  which  the  vehicle 
is  currently  traveling.  The  locator  unit  43  therefore 
constitutes  vehicle  location  estimating  means  for  es- 
timating  vehicle  locations  at  regular  intervals  on  the 
basis  of  the  location  data  produced  by  the  location 
data  producing  means,  and  present  travel  road  se- 
lecting  means  for  selecting  a  present  travel  road  on 
which  the  vehicle  is  currently  traveling  on  the  basis 
of  the  estimated  vehicle  locations  estimated  by  the 
vehicle  location  estimating  means. 

The  vehicle  navigation  apparatus  further  com- 
prises  road  map  data  storing  means  electrically  con- 
nected  to  the  locator  unit  43  and  constituted  in  part 
by  a  recording  medium  44  such  as  for  example  a  CD- 
ROM  (Compact  Disk  -  Read  Only  Memory)  for  storing 
road  map  data  including  road  data  and  road  name 
data.  The  road  data  is  indicative  of  a  plurality  of  travel 
roads,  while  the  road  name  data  is  indicative  of  road 
names  of  the  travel  roads.  According  to  the  present  in- 
vention,  the  road  map  data  may  further  include  link 
data  indicative  of  a  plurality  of  links  forming  each  of 
the  travel  roads,  and  link  number  data  indicative  of 
link  numbers  allocated  the  links,  respectively.  The 
road  map  data  storing  means  may  comprise  two  re- 
cording  mediums  consisting  of  a  first  recording  me- 
dium  for  storing  the  road  data  and  the  link  data  and  a 
second  recording  medium  for  storing  the  road  name 
data  and  the  link  number  data  in  such  a  manner  that 
each  of  the  road  names  is  combined  with  each  of  the 
link  numbers.  The  travel  roads  defined  by  the  road 
map  data  memorized  in  the  recording  medium  44  are 
indicated  by  nodes  and  links.  Each  of  the  nodes  is 
representative  of  a  coordinate  specifying  the  turning 
point  (junction)  or  corner  of  the  travel  road,  while 
each  of  the  links  is  representative  of  connecting  the 
nodes  adjacent  to  each  other.  The  node  data  is  indi- 
cative  of  node  numbers  and  the  addresses  of  the 
nodes  connected  to  the  links,  while  the  link  data  is  in- 
dicative  of  link  numbers,  the  road  names  correspond- 
ing  to  the  respective  link  numbers,  addresses  of 
starting  and  ending  nodes  at  the  both  ends  of  the  link, 
the  distances  of  the  travel  road  defined  by  the  link,  the 
direction  in  which  the  vehicle  travels  on  the  travel 
road  defined  by  the  link,  and  so  forth.  The  road  names 
of  the  link  data  include  trunk  travel  roads  such  as  na- 
tional  roads  and  provincial  roads,  but  exclude  minor 
travel  roads  such  as  alleys  in  the  residential  area. 

The  vehicle  navigation  apparatus  further  com- 
prises  a  control  unit  46  which  is  constructed  to  re- 
ceived  a  signal  produced  by  the  locator  unit  43  for  the 
present  vehicle  location  of  the  vehicle  and  to  provide 
the  display  unit  40  with  a  signal  for  the  present  vehicle 
location  of  the  vehicle  and  the  road  map  read  outfrom 
the  recording  medium  44.  The  control  unit  46  further 
serves  to  read  out  from  the  recording  medium  44  a 
present  travel  road  name  corresponding  to  the  pres- 
ent  travel  road  and  a  plurality  of  cross-roads  appear- 

ing  close  to  and  in  front  of  the  presentvehicle  location 
on  the  present  travel  road  to  extend  in  angular  rela- 
tionship  with  the  present  travel  road  and  to  provide 
the  display  unit  40  with  signals  for  the  names  of  the 

5  present  travel  road  and  the  cross-roads  read  out  from 
the  recording  medium  44  on  basis  of  the  present  trav- 
el  road  and  the  presentvehicle  location  computed  in 
the  map  matching  method  above  mentioned  and  for 
the  travel  distances  measured  along  the  present  trav- 

10  el  road  between  the  present  vehicle  location  and  the 
intersections  formed  by  the  present  travel  road  and 
the  cross-roads  so  that  the  display  unit  40  can  display 
the  information  about  the  road  names  of  the  present 
travel  road  and  the  cross-roads  and  the  travel  dis- 

15  tances  between  the  present  vehicle  location  and  the 
forthcoming  intersections  in  addition  to  the  road  map 
neighboring  the  presentvehicle  location  and  the  pres- 
ent  travel  road.  The  above  information  other  than  the 
road  map  is  displayed  through  a  window  Wformed  on 

20  the  screen  of  the  display  unit  40  as  shown  in  Fig.  4. 
Though  the  window  W  is  shown  in  Fig.  4  as  occupying 
part  of  the  screen  of  the  display  unit  40  and  thus  in- 
dependently  of  the  road  map,  the  above  information 
may  be  displayed  on  the  display  unit  40  in  superim- 

25  posed  relationship  with  the  road  map. 
The  control  unit  46  therefore  constitutes  road 

name  reading  means  for  reading  out  a  present  travel 
road  name  corresponding  to  the  present  travel  road 
from  the  road  map  data  stored  in  the  road  map  data 

30  storing  means.  The  display  unit  40  constitutes  road 
informing  means  for  informing  the  vehicle  driver  of 
the  present  travel  road  name  read  out  by  the  road 
name  reading  means. 

The  locator  unit  43  is  electrically  connected  to  es- 
35  timated  location  data  storing  means  47  for  storing  lo- 

cation  data  indicative  of  estimated  vehicle  locations 
computed  by  the  locator  unit  43  in  the  dead  reckoning 
method.  The  control  unit  46  further  comprises  travel 
locus  acquiring  means  for  acquiring  a  travel  locus  de- 

40  fined  by  the  vehicle  locations  estimated  by  the  esti- 
mating  means  assembled  in  the  locator  unit  43  and 
stored  in  the  estimated  location  data  storing  means 
47.  The  control  unit  46  further  comprises  similarity 
calculating  means  for  calculating  degrees  of  similar- 

45  ity  between  the  pattern  of  the  travel  locus  acquired 
by  the  travel  locus  acquiring  means  and  the  patterns 
selected  from  the  travel  roads  stored  in  the  road  map 
data  so  as  to  determine  a  present  travel  road  on  the 
basis  of  the  degrees  of  similarity  calculated  by  the 

so  similarity  calculating  means,  the  present  travel  road 
having  a  vehicle  location  closest  to  the  estimated  ve- 
hicle  locations.  The  determination  of  the  present  trav- 
el  road  is  effected  with  the  degrees  of  similarity  ex- 
ceeding  a  desirable  level. 

55  The  control  unit  46  comprises  cross-road  search- 
ing  means  for  searching  from  the  road  map  data  stor- 
ing  means  cross-roads  angularly  extending  at  and 
from  intersections  located  close  to  and  in  front  of  the 
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present  vehicle  location,  cross-road  name  reading 
means  for  reading  out  the  cross-road  names  from  the 
road  map  data  storing  means,  and  travel  distance  cal- 
culating  means  for  calculating  the  travel  distances  of 
the  present  travel  road  between  the  present  vehicle  5 
location  and  the  forthcoming  intersections  having  the 
cross-roads  extending  therefrom.  The  links  corre- 
sponding  to  the  cross-roads  are  searched  by  the 
cross-road  searching  means  in  such  a  manner  that 
the  link  corresponding  to  the  present  travel  road  hav-  10 
ing  the  vehicle  currently  travel  thereon  and  the  links 
having  their  addresses  representative  of  the  intersec- 
tions  located  close  to  and  in  front  of  the  present  ve- 
hicle  location  are  searched  based  on  the  link  data  of 
the  road  map  data  stored  in  the  recording  medium  44.  15 
The  road  names  of  the  cross-roads  corresponding  to 
the  searched  links  are  read  out  from  the  recording 
medium  44  by  the  cross-road  name  reading  means. 
The  travel  distances  of  the  present  travel  road  be- 
tween  the  present  vehicle  location  and  the  intersec-  20 
tions  located  close  to  and  in  front  of  the  present  ve- 
hicle  location  on  the  present  travel  road  are  then  cal- 
culated  by  the  travel  distance  calculating  means  in 
such  a  mannerthatthe  travel  distances  of  the  present 
links  defined  by  the  present  travel  road  are  measured  25 
between  the  point  on  the  present  link  and  the  ad- 
dresses  of  the  forthcoming  links  defined  by  the  inter- 
sections  having  the  cross-roads  extending  therefrom. 

The  vehicle  navigation  apparatus  further  com- 
prises  priority  order  memorizing  means  48  for  mem-  30 
orizing  the  priority  order  of  the  travel  roads  to  enable 
the  cross-road  searching  means  to  search  the  cross- 
roads  on  the  basis  of  the  priority  order  of  the  travel 
roads.  The  road  names  of  the  cross-roads  read  out 
from  the  recording  medium  44  by  the  cross-road  35 
name  reading  means  and  the  travel  distances  of  the 
present  travel  road  between  the  presentvehicle  loca- 
tion  and  the  intersections  located  close  to  and  in  front 
of  the  present  vehicle  location  on  the  present  travel 
road  are  displayed  on  the  display  unit  40  on  basis  of  40 
the  priority  order  of  the  travel  roads  memorized  by  the 
priority  order  memorizing  means  48.  As  shown  in  Fig. 
4,  the  cross-road  name  and  travel  distance  appearing 
in  the  upper  column  of  the  window  W  of  the  display 
unit  40  are  thus  of  high  priority  as  compared  with  the  45 
cross-road  name  and  travel  distance  appearing  in  the 
lower  column  of  the  window  W  of  the  display  unit  40. 
The  information  of  the  cross-road  names  and  the 
travel  distances  may  be  displayed  in  the  window  W 
sectioned  separately  or  independently  from  the  sec-  50 
tion  representing  the  road  map  of  the  display  unit  40, 
or  otherwise  may  be  displayed  in  the  display  unit  40 
in  superimposed  relationship  with  the  road  map.  Ac- 
cording  to  the  present  invention,  there  may  be  provid- 
ed  independently  of  the  display  unit  40  for  displaying  55 
the  road  map  an  additional  display  unit  for  use  only  in 
displaying  the  above  information.  The  information  is 
given  to  the  vehicle  driver  by  voicing  means  such  as 

a  loudspeaker. 
Assuming  that  the  name  of  the  travel  road  B  rep- 

resentative  of  the  minor  road  such  as  the  alley  is  ex- 
cluded  from  the  link  data  of  the  road  map  data  stored 
in  the  recording  medium  44  while  the  vehicle  50  is 
traveling  on  the  present  travel  road  Aas  shown  in  Fig. 
6(a),  the  name  of  the  travel  road  B  are  not  read  out 
by  the  recording  medium  44,  resulting  from  the  travel 
road  B  having  no  name.  If,  on  the  other  hand,  the 
present  travel  road  B  having  the  vehicle  50  currently 
travel  thereon  does  not  have  its  own  name  but  the 
cross-road  A  has  its  own  name  as  shown  in  Fig.  6(b), 
the  name  of  the  cross-road  A  is  read  out  by  the  record- 
ing  medium  44.  It  is  thus  to  be  understood  that  the 
names  of  the  travel  road  and  the  cross-road  are  read 
out  from  the  recording  medium  44  only  when  those 
names  are  stored  in  the  road  map  data  of  the  record- 
ing  medium  44. 

The  number  of  the  cross-road  names  and  the 
travel  distances  between  the  presentvehicle  location 
and  the  forthcoming  intersections  are  preferably  two 
in  the  embodiment  of  the  present  invention,  however, 
may  be  selected  freely  according  to  the  present  in- 
vention. 

The  reference  numeral  49  designates  switch 
means  which  permits  the  vehicle  driver  to  initiate  and 
terminate  the  operation  of  the  control  unit  46. 

The  operation  of  the  another  embodiment  of  the 
vehicle  navigation  apparatus  according  to  the  pres- 
ent  invention  will  now  be  described  with  reference  to 
the  flowchart  illustrated  in  Fig.  7  and  the  exemplified 
screen  of  the  display  unit  also  shown  in  Fig.  4  as  in- 
dicating  the  present  travel  road  name,  the  cross-road 
names,  and  the  travel  distances  of  the  present  travel 
road  between  the  presentvehicle  location  and  the  in- 
tersections  close  to  and  in  front  of  the  presentvehicle 
location  on  the  present  travel  road.  In  Fig.  7,  the  es- 
timated  vehicle  location  is  initially  computed  by  the 
vehicle  location  estimating  means  of  the  locator  unit 
43  at  the  step  S1  .  The  present  travel  road  is  then  de- 
tected  by  the  locator  unit  43  operated  under  the  map 
matching  method  at  the  step  S2.  Decision  is  then 
made  at  step  S3  as  to  whether  the  detected  present 
travel  road  is  provided  with  its  name  or  not.  The  road 
name  of  the  present  travel  road  is  read  out  from  the 
recording  medium  44  at  the  step  S4  if  the  detected 
travel  road  is  provided  with  the  name,  while  being  not 
read  outfrom  the  recording  medium  44  if  the  detected 
travel  road  is  not  provided  with  any  name.  At  the  step 
S5,  judgment  is  made  as  to  whether  there  are  any 
cross-roads  with  their  names  located  close  to  and  in 
front  of  the  present  vehicle  location  on  the  present 
travel  road.  This  procedure  is  made  after  the  proce- 
dure  at  the  step  S3  irrespective  of  the  fact  that  the 
road  names  are  allocated  to  the  present  travel  road. 
If  the  cross-roads  are  judged  to  have  respective  road 
names  at  the  step  S5,  the  road  names  of  the  cross- 
roads  are  read  out  from  the  recording  medium  44  at 
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the  step  S6  to  compute  the  travel  distances  from  the 
present  vehicle  location  to  the  intersections  having 
the  cross-roads  extending  therefrom  at  the  step  S7. 
While  the  cross-roads  are  always  judged  to  have  the 
respective  road  names  at  the  step  S5,  the  travel  dis- 
tances  from  the  present  vehicle  location  to  the  inter- 
sections  having  the  cross-roads  extending  therefrom 
are  repeatedly  calculated  after  the  road  names  of  the 
cross-road  are  read  out  from  the  recording  medium 
44  as  will  be  seen  from  the  steps  5  to  7.  When  it  is 
determined  at  the  step  S5  that  there  exists  neither 
any  name  of  the  cross-road  nor  any  cross-road  within 
a  predetermined  area  close  to  and  in  front  of  the  pres- 
ent  vehicle  location,  judgment  is  made  at  the  step  S8 
as  to  whether  the  number  of  the  cross-road  having  its 
road  name  read  out  from  the  recording  medium  44  is 
plural  or  not.  If  there  exist  a  plurality  of  cross-roads 
positioned  within  the  predetermined  area  close  to  and 
in  front  of  the  presentvehicle  location,  the  order  of  the 
cross-roads  is  determined  based  on  their  priority  to 
arrange  the  cross-roads  in  their  priority  order  at  the 
step  S9  with  the  result  that  the  information  about  the 
present  travel  road  name,  the  cross-road  names  and 
the  travel  distances  between  the  present  vehicle  lo- 
cation  and  the  intersections  having  the  cross-roads 
extending  therefrom  are  displayed  at  the  step  9  in  su- 
perimposed  relationship  with  the  road  map  on  and  by 
the  display  unit  as  shown  in  Fig.  4.  It  is  assumed  that 
the  vehicle  50  is  running  on  the  travel  road  51  such 
as  for  example  National  Road  No.  1  extending  along 
a  parallel  road  54  such  as  for  example  Meishin  High- 
way  in  Fig.  4.  When  the  cross-roads  52  and  53  repre- 
sented  respectively  by  National  Road  No.  170  and 
the  Inner  Circle  Line  are  searched  by  the  road  search- 
ing  means  under  the  above  conditions  and  the  cross- 
road  52  is  assumed  to  be  higher  in  priority  order  than 
the  cross-road  53,  there  are  displayed  on  the  screen 
C  of  the  display  unit  a  road  map  showing  the  present 
travel  road  51  and  the  cross-roads  52,  53  and  a  win- 
dow  W  indicating  the  names  of  the  present  travel  road 
51  and  the  cross-roads  52,  53  as  well  as  the  travel 
distances  between  the  presentvehicle  location  of  the 
vehicle  50  and  the  cross-roads  52,  53  with  the  cross- 
road  name  52  and  the  travel  distance  D1  being  at  the 
upper  column  and  the  cross-road  name  53  and  the 
travel  distance  D2  being  at  the  lower  column. 

When,  on  the  other  hand,  there  is  any  travel  road 
without  its  name  located  close  to  and  in  front  of  the 
present  vehicle  location  of  the  vehicle  50,  or  when 
there  is  only  one  cross-road  within  the  predetermined 
area  close  to  and  in  front  of  the  present  vehicle  loca- 
tion  of  the  vehicle,  the  priority  order  of  the  cross- 
roads  is  of  course  not  considered.  More  specifically, 
only  the  name  of  the  present  travel  road  is  displayed 
on  the  screen  of  the  display  unit  40  if  there  is  no  cross- 
road  within  the  predetermined  area  close  to  and  in 
front  of  the  present  vehicle  location,  while  the  name 
of  the  vehicle  currently  traveling  travel  road,  the 

names  of  the  cross-roads  and  the  travel  distances  be- 
tween  the  present  vehicle  location  and  the  intersec- 
tions  having  the  cross-roads  extending  therefrom  are 
displayed  on  the  screen  of  the  display  unit.  Further, 

5  the  vehicle  currently  traveling  travel  road  is  by  no 
means  displayed  on  the  screen  of  the  display  unit  40 
without  any  travel  road  appearing  on  the  road  map  at 
the  step  S3. 

As  will  be  understood  from  the  foregoing  descrip- 
10  tion,  the  present  travel  road  can  reliably  be  computed 

even  in  the  intricate  and  complicated  area  according 
to  the  present  invention  as  compared  with  the  con- 
ventional  navigation  apparatus  by  the  reason  that  the 
travel  locus  is  computed  in  accordance  with  the  esti- 

15  mated  vehicle  locations  to  calculate  the  present  travel 
road.  The  present  travel  road  name  reliably  computed 
are  displayed  on  the  display  unit  to  inform  the  vehicle 
driver  independently  of  the  road  map  or  in  superim- 
posed  relationship  with  the  road  map,  thus  making  it 

20  unnecessary  for  the  vehicle  driver  to  determine  the 
present  vehicle  location  and  to  search  the  present 
travel  road  from  the  road  map  displayed  on  the  dis- 
play  unit  as  in  the  conventional  navigation  apparatus. 
This  results  in  the  fact  that  the  present  travel  road  can 

25  be  readily  recognized,  thereby  reducing  the  time  to 
be  consumed  for  acknowledgement  of  the  present 
travel  road  irrespective  not  only  of  the  scale  reduction 
of  the  road  map  displayed  on  the  display  unit  but  also 
of  the  complicated  and  intricate  travel  roads  extend- 

30  ing  in  parallel  relationship  with  each  other.  The  ready 
recognition  of  the  present  travel  road  as  above  en- 
sures  assistance  to  the  vehicle  driver  for  safety  driv- 
ing. 

In  addition,  the  cross-road  names  and  the  dis- 
35  tances  to  the  cross-roads  from  the  present  vehicle  lo- 

cation  are  readily  recognized  by  the  display  unit, 
thereby  remarkably  reducing  the  time  to  be  con- 
sumed  for  acquiring  the  information  of  the  cross- 
roads  and  thus  bringing  about  assistance  to  the  vehi- 

40  cle  driver  for  safety  driving.  The  information  about  the 
cross-roads  can  be  given  to  the  vehicle  driver  on  the 
basis  of  their  priority  order  by  the  road  informing 
means  since  the  priority  order  of  the  travel  roads  are 
memorized  in  the  priority  order  memorizing  means. 

45  It  will  be  understood  by  those  skilled  in  the  art 
that  the  foregoing  description  is  in  terms  of  preferred 
embodiments  of  the  present  invention  wherein  vari- 
ous  changes  and  modification  may  be  made  without 
departing  from  the  spirit  and  scope  of  the  invention, 

so  as  set  forth  in  the  appended  claims. 

Claims 

55  1  .  A  navigation  apparatus  for  a  vehicle,  comprising: 
road  map  storing  means  for  storing  a  road 

map  made  up  of  a  plurality  of  travel  roads  each 
having  said  vehicle  travel  thereon; 
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setting  means  for  setting  the  departure 
point  and  destination  of  said  vehicle; 

optimum  travel  route  computing  means 
for  computing  an  optimum  travel  route  between 
the  departure  point  and  destination  of  said  vehi-  5 
cle  set  by  said  setting  means; 

location  data  producing  means  for  produc- 
ing  location  data  indicative  of  the  locations  of 
said  vehicle; 

vehicle  location  estimating  means  for  es-  10 
timating  vehicle  locations  at  regular  intervals  on 
the  basis  of  said  location  data  produced  by  said 
location  data  producing  means; 

travel  locus  acquiring  means  for  acquiring 
a  travel  locus  defined  by  the  estimated  vehicle  lo-  15 
cations; 

similarity  value  calculating  means  for  cal- 
culating  similarity  values  each  indicating  degree 
of  similarity  between  the  pattern  of  said  travel  lo- 
cus  acquired  by  said  travel  locus  acquiring  20 
means  and  the  pattern  of  each  of  said  travel 
roads  included  in  said  road  map; 

candidate  travel  road  selecting  means  for 
selecting,  from  said  road  map,  candidate  travel 
roads  each  having  a  road  pattern  having  a  si  mi-  25 
larity  value  exceeding  a  predetermined  similarity 
level,  said  candidate  travel  roads  including  a 
present  travel  road  on  which  said  vehicle  is  cur- 
rently  traveling; 

determining  means  for  determining  as  to  30 
whether  or  not  one  of  the  candidate  travel  roads 
selected  by  said  candidate  travel  road  selecting 
means  overlaps  with  said  optimum  travel  route 
computed  by  said  optimum  travel  route  comput- 
ing  means;  and  35 

informing  means  for  informing  to  the  vehi- 
cle  driver  that  said  vehicle  comes  to  travel  on  said 
optimum  travel  route  when  it  comes  to  be  deter- 
mined  by  said  determining  means  that  one  of  the 
candidate  travel  roads  overlaps  with  said  opti-  40 
mum  travel  route,  and  informing  to  the  vehicle 
driver  that  said  vehicle  comes  to  stray  from  the 
optimum  travel  route  when  it  comes  to  be  deter- 
mined  by  said  determining  means  that  no  candi- 
date  travel  road  overlaps  with  said  optimum  trav-  45 
el  route. 

2.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  1,  further  comprising  road  specifying 
means  for  specifying  on  the  basis  of  said  esti-  50 
mated  vehicle  location  a  present  vehicle  location 
on  a  candidate  travel  road  having  a  road  pattern 
with  the  largest  similarity  value. 

3.  A  navigation  apparatus  for  a  vehicle,  comprising:  55 
road  map  storing  means  for  storing  a  road 

map  made  up  of  a  plurality  of  travel  roads  each 
having  said  vehicle  travel  thereon; 

setting  means  for  setting  the  departure 
point  and  destination  of  said  vehicle; 

optimum  travel  route  computing  means 
for  computing  an  optimum  travel  route  between 
the  departure  point  and  destination  of  said  vehi- 
cle  set  by  said  setting  means; 

location  data  producing  means  for  produc- 
ing  location  data  indicative  of  the  locations  of 
said  vehicle; 

vehicle  location  estimating  means  for  es- 
timating  vehicle  locations  at  regular  intervals  on 
the  basis  of  said  location  data  produced  by  said 
location  data  producing  means; 

travel  locus  acquiring  means  for  acquiring 
a  travel  locus  defined  by  the  estimated  vehicle  lo- 
cations; 

similarity  value  calculating  means  for  cal- 
culating  similarity  values  each  indicating  degree 
of  similarity  between  the  pattern  of  said  travel  lo- 
cus  acquired  by  said  travel  locus  acquiring 
means  and  the  pattern  of  each  of  said  travel 
roads  included  in  said  road  map; 

candidate  travel  road  selecting  means  for 
selecting,  from  said  road  map,  candidate  travel 
roads  each  having  a  road  pattern  having  a  simi- 
larity  value  exceeding  a  predetermined  similarity 
level,  said  candidate  travel  roads  including  a 
present  travel  road  on  which  said  vehicle  is  cur- 
rently  traveling; 

road  specifying  means  for  specifying  on 
the  basis  of  said  estimated  vehicle  location  a 
present  vehicle  location  on  a  candidate  travel 
road  having  a  road  pattern  with  the  largest  simi- 
larity  value;  and 

determining  means  for  determining  as  to 
whether  or  not  one  of  the  candidate  travel  roads 
selected  by  said  candidate  travel  road  selecting 
means  overlaps  with  said  optimum  travel  route 
computed  by  said  optimum  travel  route  comput- 
ing  means; 

wherein  said  optimum  travel  route  com- 
puting  means  recomputes  the  optimum  travel 
route  between  the  present  vehicle  location  and 
the  destination  of  said  vehicle  only  when  it  comes 
to  be  determined  by  said  determining  means  that 
no  candidate  travel  road  overlaps  with  said  opti- 
mum  travel  route. 

4.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  1  or  3,  in  which  said  setting  means  com- 
prises  an  input  unit  having  the  vehicle  driver  input 
thereto  for  selecting  the  destination  of  said  vehi- 
cle. 

5.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  1  or  3,  further  comprising  similarity  level 
modifying  means  for  modifying  said  predeter- 
mined  similarity  level  in  such  a  manner  that  said 
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predetermined  similarity  level  is  raised  when  it 
comes  to  be  determined  by  said  determining 
means  that  one  of  the  candidate  travel  roads 
overlaps  with  said  optimum  travel  route,  and  that 
said  predetermined  similarity  level  is  lowered 
when  it  comes  to  be  determined  by  said  deter- 
mining  means  that  no  candidate  travel  road  over- 
laps  with  said  optimum  travel  route. 

6.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  1  or  3,  in  which  said  location  data  produc- 
ing  means  comprises: 

a  distance  sensor  for  detecting  the  travel 
distances  of  said  vehicle  at  regular  intervals;  and 

a  travel  direction  variation  sensor  for  de- 
tecting  the  variations  of  the  travel  direction  of 
said  vehicle  at  regular  intervals; 

the  vehicle  location  being  estimated  by 
said  location  estimating  means  in  a  manner  inte- 
grating  the  travel  distances  detected  by  said  dis- 
tance  sensor  and  integrating  the  variations  of  the 
travel  direction  detected  by  said  travel  direction 
variation  sensor. 

7.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  1  or  3,  in  which  said  location  data  produc- 
ing  means  comprises  a  global  positioning  system 
for  receiving  radio  waves  from  a  plurality  of  arti- 
ficial  satellites  revolving  around  the  earth  to  pro- 
duce  said  location  data  based  on  the  received  ra- 
dio  waves. 

8.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  1  or  3,  in  which  said  informing  means 
comprises  a  display  unit  for  displaying  on  its 
screen  the  information  that  said  vehicle  comes  to 
travel  on  said  optimum  travel  route  and  that  said 
vehicle  comes  to  stray  from  the  optimum  travel 
route. 

9.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  1  or  3,  in  which  said  informing  means 
comprises  a  loudspeaker  unit  for  voicing  the  in- 
formation  that  said  vehicle  comes  to  travel  on 
said  optimum  travel  route  and  that  said  vehicle 
comes  to  stray  from  the  optimum  travel  route. 

10.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  1  or  3,  further  comprising: 

vehicle  existing  area  calculating  means 
for  calculating  a  vehicle  existing  area  covering 
said  estimated  vehicle  location  and  having  dis- 
tribution  of  vehicle  existing  probabilities  that  said 
vehicle  exists  on  locations  included  in  said  vehi- 
cle  existing  area  and  inclusive  of  said  estimated 
vehicle  location,  said  distribution  of  vehicle  exist- 
ing  probabilities  being  largest  at  the  estimated 
vehicle  location  and  gradually  decreased  in  a  di- 

10 

rection  away  from  the  estimated  vehicle  location; 
and 

preliminary  travel  road  selecting  means 
for  selecting  preliminary  travel  roads  from  travel 
roads  each  partially  surrounded  by  and  in  said 
vehicle  existing  area  calculated  by  said  vehicle 
existing  area  calculating  means; 

wherein  said  candidate  travel  roads  are 
selected  by  said  candidate  travel  road  means 
from  said  preliminary  travel  roads  selected  by 
said  preliminary  travel  road  selecting  means. 

11.  A  navigation  apparatus  for  a  vehicle,  comprising: 
road  map  data  storing  means  for  storing 

15  road  map  data  including  road  data  and  road  name 
data,  said  road  data  being  indicative  of  a  plurality 
of  travel  roads  and  said  road  name  data  being  in- 
dicative  of  road  names  of  said  travel  roads; 

location  data  producing  means  for  produc- 
20  ing  location  data  indicative  of  the  locations  of 

said  vehicle; 
a  locator  unit  comprising  vehicle  location 

estimating  means  for  estimating  vehicle  loca- 
tions  at  regular  intervals  on  the  basis  of  said  lo- 

25  cation  data  produced  by  said  location  data  pro- 
ducing  means,  and  present  travel  road  selecting 
means  for  selecting  a  present  travel  road  on 
which  said  vehicle  is  currently  traveling  on  the 
basis  of  said  estimated  vehicle  locations  estimat- 

30  ed  by  said  vehicle  location  estimating  means; 
a  control  unit  comprising  road  name  read- 

ing  means  for  reading  out  a  present  travel  road 
name  corresponding  to  said  present  travel  road 
from  said  road  map  data  stored  in  said  road  map 

35  data  storing  means;  and 
road  informing  means  for  informing  the  ve- 

hicle  driver  of  said  present  travel  road  name  read 
out  by  said  road  name  reading  means. 

40  12.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  11,  in  which  said  present  travel  road  se- 
lecting  means  of  said  locator  unit  is  designed  to 
select  a  present  travel  road  having  a  vehicle  lo- 
cation  closest  to  said  estimated  vehicle  location. 

45 
13.  A  navigation  apparatus  for  a  vehicle  as  set  forth 

in  claim  11,  in  which  said  control  unit  further  com- 
prises: 

travel  locus  acquiring  means  for  acquiring 
so  a  travel  locus  defined  by  the  vehicle  locations  es- 

timated  by  said  estimating  means,  and 
similarity  calculating  means  for  calculat- 

ing  degrees  of  similarity  between  the  pattern  of 
said  travel  locus  acquired  by  said  travel  locus  ac- 

55  quiring  means  and  the  patterns  selected  from 
said  travel  roads  stored  in  said  road  map  data  of 
said  road  map  data  storing  means, 

said  present  travel  road  selecting  means 

14 
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being  designed  to  select  a  travel  road  having  a 
vehicle  location  closest  to  said  estimated  vehicle 
location. 

in  claim  11,  in  which  said  road  informing  means 
is  constituted  by  a  display  unit  for  displaying  one 
of  said  road  maps  indicative  of  information  in- 
cluding  said  present  travel  road,  said  display  unit 
being  constructed  to  represent  said  present  trav- 
el  road  name  in  superimposed  relationship  with 
said  road  map. 

19.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  11,  in  which  said  road  informing  means 
is  constituted  by  voicing  means  for  transmitting 
to  the  vehicle  driver  information  including  said 

5  present  travel  road  name. 

20.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  11,  in  which  said  control  unit  further  com- 
prises: 

10  cross-road  searching  means  forsearching 
from  said  road  map  data  storing  means  cross- 
roads  angularly  extending  at  and  from  intersec- 
tions  located  close  to  and  in  front  of  said  present 
vehicle  location, 

15  cross-road  name  reading  means  for  read- 
ing  out  one  of  said  cross-roads  from  said  road 
map  data  storing  means,  and 

distance  calculating  means  for  calculating 
the  distance  of  said  present  travel  road  between 

20  said  present  vehicle  location  and  said  intersec- 
tion  having  said  cross-roads  extending  there- 
from, 

said  road  informing  means  informing  the 
vehicle  driver  of  said  cross-road  and  said  calcu- 

25  lated  road  distance  of  said  present  travel  road  in 
addition  to  said  present  travel  road  name. 

21.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  11,  in  which  said  control  unit  further  com- 

30  prises: 
cross-road  searching  means  forsearching 

from  said  road  map  data  storing  means  cross- 
roads  angularly  extending  at  and  from  intersec- 
tions  located  close  to  and  in  front  of  said  vehicle 

35  location, 
cross-road  name  reading  means  for  read- 

ing  out  a  predetermined  number  of  said  cross- 
roads  from  said  road  map  data  storing  means, 
and 

40  distance  calculating  means  for  calculating 
the  distances  of  said  present  travel  road  between 
said  present  vehicle  location  and  said  intersec- 
tions  having  said  cross-roads  extending  there- 
from, 

45  said  navigation  apparatus  further  com- 
prising  additional  road  informing  means  for  in- 
forming  the  vehicle  driver  of  said  cross-roads  and 
said  calculated  road  distances  of  said  present 
travel  road  in  addition  to  said  present  travel  road 

so  name. 

22.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  21,  in  which  said  additional  road  inform- 
ing  means  is  constituted  by  said  display  unit  for 

55  displaying  one  of  said  road  maps  indicative  of  in- 
formation  including  said  present  travel  road,  said 
display  unit  being  constructed  to  display  said 
present  travel  road  name,  said  cross-road  name 

14.  A  navigation  apparatus  for  a  vehicle  as  set  forth  5 
in  claim  11,  in  which  said  road  map  data  further 
includes  link  data  indicative  of  a  plurality  of  links 
forming  each  of  said  travel  roads,  and  link  num- 
ber  data  indicative  of  link  numbers  allocated  to 
said  links,  respectively,  and  said  road  map  data  10 
storing  means  comprising: 

a  first  recording  medium  for  storing  said 
road  data  and  link  data,  and 

a  second  recording  medium  for  storing 
said  road  name  data  and  said  link  number  data  in  15 
such  a  manner  that  each  of  said  road  names  is 
combined  with  each  of  said  link  numbers. 

15.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  11,  in  which  said  location  data  producing  20 
means  comprises: 

a  distance  sensor  for  detecting  the  travel 
distances  of  said  vehicle  at  regular  intervals;  and 

a  travel  direction  variation  sensor  for  de- 
tecting  the  variations  of  the  travel  direction  of  25 
said  vehicle  at  regular  intervals; 

the  vehicle  location  being  estimated  by 
said  location  estimating  means  in  a  manner  inte- 
grating  the  travel  distances  detected  by  said  dis- 
tance  sensor  and  integrating  the  variations  of  the  30 
travel  direction  detected  by  said  travel  direction 
variation  sensor. 

16.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  11,  in  which  said  location  data  producing  35 
means  comprises  a  global  positioning  system  for 
receiving  radio  waves  from  a  plurality  of  artificial 
satellites  revolving  around  the  earth  to  produce 
said  location  data  based  on  the  received  radio 
waves.  40 

17.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  11,  in  which  said  road  informing  means 
is  constituted  by  a  display  unit  for  displaying  one 
of  said  road  maps  indicative  of  information  in-  45 
eluding  said  present  travel  road,  said  display  unit 
being  constructed  to  display  said  present  travel 
road  name  independently  of  said  road  map. 

1  8.  A  navigation  apparatus  for  a  vehicle  as  set  forth  50 
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and  said  calculated  road  distances  independent- 
ly  of  said  road  map. 

23.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  21,  in  which  one  of  said  road  maps  indi-  5 
cative  of  information  including  said  present  travel 
road  and  said  present  travel  road  name,  said  dis- 
play  unit  being  constructed  to  display  said  pres- 
ent  travel  road  name,  said  cross  road  name  and 
said  calculated  road  distances  in  superimposed  w 
relationship  with  said  road  map. 

24.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  21,  further  comprising  priority  order 
memorizing  means  for  memorizing  the  priority  or-  15 
der  of  said  vehicle  roads  to  enable  said  cross- 
road  searching  means  to  search  said  cross-roads 
on  the  basis  of  said  priority  order  of  said  travel 
roads,  and  in  which  said  road  informing  means  in- 
forms  the  vehicle  driver,  on  the  basis  of  said  pri-  20 
ority  order  of  said  travel  roads,  of  said  cross-road 
names  read  out  from  said  priority  order  memor- 
izing  means  by  said  cross-road  name  reading 
means  when  said  cross-roads  are  searched  by 
said  cross-road  name  searching  means.  25 

25.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  21,  further  comprising  priority  order 
memorizing  means  for  memorizing  the  priority  or- 
der  of  said  vehicle  roads  to  enable  said  cross-  30 
road  searching  means  to  search  said  cross-roads 
on  the  basis  of  said  priority  order  of  said  travel 
roads,  and  in  which  said  additional  road  inform- 
ing  means  informs  the  vehicle  driver,  on  the  basis 
of  said  priority  order  of  said  travel  roads,  of  said  35 
cross-road  names  read  out  from  said  priority  or- 
der  memorizing  means  by  said  cross-road  name 
reading  means  when  said  cross-roads  are 
searched  by  said  cross-road  name  searching 
means.  40 

26.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  21,  in  which  said  additional  road  inform- 
ing  means  is  constituted  by  an  additional  display 
unit  for  displaying  said  present  travel  road  name,  45 
said  cross-road  names  and  said  calculated  road 
distances  independently  of  said  road  map. 

27.  A  navigation  apparatus  for  a  vehicle  as  set  forth 
in  claim  21,  in  which  said  additional  road  inform-  50 
ing  means  is  constituted  by  voicing  means  for 
transmitting  to  the  vehicle  driver  information  in- 
cluding  said  present  travel  road  name,  said 
cross-road  name,  and  said  calculated  road  dis- 
tances.  55 
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