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Description 

FIELD  OF  THE  INVENTION 

The  present  invention  relates  generally  to  a 
direction  finding  apparatus,  and  more  particularly  to 
a  direction  finding  apparatus  to  be  mounted  on  a 
vehicle  in  which  an  error  of  direction  finding  due  to 
a  variation  of  magnetization  of  the  vehicle  is  cor- 
rected  during  running  of  the  vehicle. 

DESCRIPTION  OF  THE  RELATED  ART 

FIG.6  is  the  block  diagram  of  a  navigation 
system  of  a  vehicle  which  is  disclosed  in  the  Japa- 
nese  published  unexamined  patent  application  Sho 
63-204112.  Referring  to  FIG.6,  a  terrestrial  mag- 
netism  is  detected  by  a  terrestrial  magnetism  sen- 
sor  1,  and  a  direction  signal  representing  the 
course  of  a  vehicle  is  output.  The  direction  signal  is 
output  by  two  outputs  of  voltages  which  represent 
the  respective  components  of  X-Y  coordinates 
comprising  an  ordinate  corresponding  to  a  front- 
back  direction  of  the  vehicle  and  an  abscissa  cor- 
responding  to  a  left-right  direction  which  is  per- 
pendicular  to  the  front-back  direction. 

FIG.7  is  a  perspective  view  of  an  example  of  a 
terrestrial  magnetism  sensor  1  which  is  comprised 
of  two  coils  1A  and  1B  which  are  orthogonally 
aligned  to  each  other.  The  terrestrial  magnetism 
sensor  1  is  mounted  on  the  vehicle  so  that  the  axis 
of  one  of  two  coils  is  parallel  to  the  front-back 
direction,  and  an  axis  C1  passing  two  intersections 
of  the  coils  1A  and  1B  is  made  to  be  perpendicular 
to  the  ground  as  presently  known  in  the  art.  The 
terrestrial  magnetism  sensor  1  detects  the  intensity 
of  the  horizontal  component  of  the  terrestrial  mag- 
netism.  Assuming  that  the  vehicle  is  not  mag- 
netized,  two  output  voltages  x  and  y  are  shown  on 
the  X-Y  coordinates  as  shown  in  FIG.8.  Referring  to 
FIG.8,  an  arrow  R1  represents  the  direction  of  the 
terrestrial  magnetism  and  points  the  "magnetism 
north",  and  the  length  of  the  arrow  R1  represents 
the  intensity.  An  angle  01  represents  the  course  of 
the  vehicle.  In  this  status,  the  vehicle  is  turned  at 
least  one  turn  on  the  ground.  Consequently,  the 
arrow  R1  is  rotated  on  the  X-Y  coordinates  at  the 
revolution  axis  of  the  original  point  "0",  and  the  tip 
of  the  arrow  R1  draws  a  circle  E8.  The  circle  E8  is 
named  as  an  "output  circle"  by  the  inventor  since 
it  is  drawn  on  the  basis  of  the  output  of  the 
terrestrial  magnetism  sensor  1.  The  "output  circle" 
is  called  a  "turning  circle"  in  the  prior  art. 

In  an  actual  vehicle,  the  body  and  engine  made 
mainly  of  steel  is  magnetized  in  a  certain  degree, 
and  the  magnetism  affects  the  detected  value  of 
the  terrestrial  magnetism  sensor  1.  The  effect  is 
represented  by  shift  of  the  output  circle  on  the  X-Y 

coordinates  as  shown  in  FIG.9.  Referring  to  FIG.9, 
the  center  C3  of  an  output  circle  E9  is  shifted  to 
the  coordinates  (X3,  y3).  The  shift  of  the  center  of 
the  output  circle  represents  that  the  vehicle  has  the 

5  magnetism  which  has  a  value  X3  in  X  component 
and  a  value  y3  in  Y  component,  and  the  direction 
thereof  is  pointed  by  an  arrow  D3. 

Where  the  vehicle  passes  a  place  on  which  a 
high  intensity  magnetic  field  is  generated  by  a 

io  large  current  in  rails  of  electric  car  or  high  voltage 
electric  transmission  lines  such  as  at  a  "railroad 
crossing",  the  status  of  the  magnetization  of  the 
vehicle  is  varied.  The  once-induced  variation  of  the 
status  of  the  magnetization  does  not  return  to  the 

75  original  status  even  after  passing  the  place,  but 
several  days  are  required  for  restoration  to  the 
original  status  as  be  familiar  to  one  skilled  in  the 
art.  The  above-mentioned  magnetic  field  due  to  the 
electric  lines  is  called  as  "foreign  magnetic  field" 

20  by  the  inventor. 
Referring  to  FIG.  6,  a  speed  sensor  2  detects  a 

revolution  of  a  wheel  of  the  vehicle,  and  thereby 
data  of  a  vehicle  speed  and  a  distance  of  running 
of  the  vehicle  are  output.  Map  data  representing  a 

25  road  network  and  the  status  of  a  road  is  memorized 
in  a  memory  3.  The  direction  signal  of  the  terres- 
trial  magnetism  sensor  1,  the  data  of  the  vehicle 
speed  and  travel  distance  and  the  map  data  of  the 
memory  3  are  applied  to  a  data  processor  4  and 

30  are  calculated,  and  the  position  of  the  vehicle  is 
determined  by  dead-reckoning  and  is  displayed  on 
a  display  6. 

According  to  the  prior  art,  the  position  and  the 
direction  of  the  road  having  the  foreign  magnetic 

35  field  are  memorized  in  the  memory  3  with  the  map 
data  of  the  road  network  in  advance.  When  the 
vehicle  has  passed  the  place  having  the  foreign 
magnetic  field,  the  position  of  the  center  of  the 
output  circle  is  corrected  on  the  basis  of  both  the 

40  detected  data  of  the  terrestrial  magnetism  sensor  1 
and  the  data  memorized  in  the  memory  3  designat- 
ing  the  direction  of  the  road.  Then  the  course  of 
the  vehicle  is  determined  on  the  basis  of  the  cor- 
rected  output  circle. 

45  In  the  direction  finding  apparatus  in  the  prior 
art  as  mentioned  above,  the  data  of  the  road  and 
the  direction  thereof  which  affect  the  magnetization 
of  the  vehicle  have  been  required  to  be  memorized 
in  the  memory  3  in  advance.  Since  such  operation 

50  requires  a  large  scale  of  beforehand  investigation, 
there  is  a  difficulty  in  collecting  the  data  of  all 
roads  for  the  road  map. 

Moreover,  in  order  to  determine  the  new  center 
of  the  output  circle  after  variation  of  the  magnetiz- 

55  ation  of  the  vehicle,  the  output  data  of  the  terres- 
trial  magnetism  sensor  and  the  radius  of  the  output 
circle  have  been  utilited.  The  output  circle  which  is 
used  in  operation  of  the  navigation  system  of  the 
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prior  art  is  formed  at  start  of  the  vehicle  on  the 
basis  of  the  terrestrial  magnetism  at  the  starting 
position.  Since  the  intensity  of  the  terrestrial  mag- 
netism  varies  depending  on  the  position,  the  radius 
of  the  output  circle  is  also  varied  depending  on  the 
position.  Consequently,  if  the  output  circle  at  the 
starting  position  is  used  for  determining  the  direc- 
tion  at  the  place  which  is  apart  from  the  starting 
position,  occurrence  of  an  error  cannot  be  elimi- 
nated. 

In  JP-A-63204112  (&  Patent  Abstracts  of  Ja- 
pan,  vol.  12,  no.  492  (p-804)(3339)  Dec.  22,  1988), 
a  navigation  system  is  described  comprising  an 
earth  magnetism  sensor,  a  car  speed  sensor,  a 
memory  medium,  a  main  body  and  a  judge  means. 
When  a  quantity  of  magnetism  changes  at  a  posi- 
tion  such  as  a  railroad  crossing,  a  high-level  road 
or  a  transmission  line,  the  before-and-behind  direc- 
tion  of  said  position  are  stored  in  the  recording 
medium  along  with  a  map  and  a  peripheral  state. 
The  present  position  and  running  course  of  a  ve- 
hicle  are  calculated  and  the  error  of  the  earth 
magnetism  sensor  from  the  data  of  the  position 
where  the  quantity  of  magnetization  has  changed 
are  estimated.  The  data  from  the  earth  magnetism 
sensor  and  the  data  of  said  position  are  compared 
to  correct  the  error  of  the  earth  magnetism  sensor. 

OBJECT  AND  SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide 
a  direction  finding  apparatus  of  which  an  error  in 
direction  finding  caused  by  magnetization  of  a  ve- 
hicle  is  corrected. 

The  direction  finding  apparatus  in  accordance 
with  the  present  invention  is  characterized  by  the 
features  of  claim  1  . 

While  the  novel  features  of  the  invention  are 
set  forth  particularly  in  the  claims,  the  invention, 
both  as  to  organization  and  content,  will  be  better 
understood  and  appreciated,  along  with  other  ob- 
jects  and  features  thereof,  from  the  following  de- 
tailed  description  taken  in  conjunction  with  the 
drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.1  is  a  block  diagram  of  an  embodiment  of  a 
direction  finding  apparatus  in  accordance  with 
the  present  invention; 
FIG.2  is  a  graph  of  an  output  circle  in  the 
embodiment; 
FIG.3  is  a  graph  of  an  output  circle  on  which  a 
loop  due  to  a  foreign  magnetic  field  is  superim- 
posed; 
FIG.4  is  a  graph  of  the  output  circle  for  elucidat- 
ing  shift  of  the  center  thereof; 

FIG.5  is  a  flow  chart  of  operation  of  the  embodi- 
ment; 
FIG.6  is  the  block  diagram  of  the  navigation 
system  of  a  vehicle  in  the  prior  art; 

5  FIG.7  is  the  perspective  view  of  the  terrestrial 
magnetism  sensor; 
FIG.8  is  the  graph  of  the  output  circle; 
FIG.9  is  the  output  circle  having  the  shifted 
center  thereof  in  the  prior  art. 

io  It  will  be  recognized  that  some  or  all  of  the 
Figures  are  schematic  representations  for  purposes 
of  illustration  and  do  not  necessarily  depict  the 
actual  relative  sizes  or  locations  of  the  elements 
shown. 

15 
DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

FIG.1  is  a  block  diagram  of  an  embodiment  of 
20  a  direction  finding  apparatus  in  accordance  with  the 

present  invention.  Referring  to  FIG.1,  a  terrestrial 
magnetism  sensor  1  which  is  identical  with  that 
shown  in  FIG.7  comprises  two  coils  1A  and  1B 
which  are  orthogonally  positioned  to  each  other. 

25  The  terrestrial  magnetism  sensor  1  is  mounted  on 
a  vehicle  so  that  a  first  coil  of  the  sensor  is 
provided  on  a  first  vertical  plane  which  is  parallel 
with  a  front-back  axis  of  the  vehicle,  said  vertical 
plane  being  vertical  to  a  horizontal  axis  of  the 

30  vehicle,  and  a  second  coil  of  the  sensor  is  provided 
on  a  second  vertical  plane  which  is  perpendicular 
to  said  front-back  axis,  said  second  vertical  plane 
being  vertical  to  said  horizontal  axis,  and  said  first 
vertical  plane  and  said  second  vertical  plane  inter- 

35  sect  each  other  at  the  vertical  axis  C1  of  the 
vehicle.  That  is,  the  mutual  intersections  of  two 
coils  1A  and  1B  is  perpendicular  to  the  ground 
when  the  vehicle  runs  normally  on  a  horizontal 
road,  and  horizontal  axis  of  the  first  coil  is  parallel 

40  to  the  front-back  direction  of  the  vehicle.  The  direc- 
tion  signal  which  is  output  from  the  terrestrial  mag- 
netism  sensor  1  is  applied  to  an  A/D  converter  11 
(FIG.  1)  and  is  converted  to  a  digital  signal.  The 
digital  signal  is  applied  to  an  output  circle  calcula- 

45  tion  circuit  12  and  a  foreign  magnetic  field  sensing 
circuit  15.  Then,  the  vehicle  is  turned  on  the 
ground  at  least  one  turn  by  suitable  way,  e.g  by 
being  driven  on  a  small  circle,  and  hence  an  "out- 
put  circle"  is  generated  on  an  X-Y  coordinates  in  a 

50  manner  which  is  familiar  to  one  skilled  in  the  art. 
The  generated  output  circle  is  memorized  in  a 
memory  which  is  comprised  in  the  output  circle 
calculation  circuit  12. 

An  angular  velocity  sensor  13  as  course  finding 
55  means  detects  an  angular  velocity  when  the  vehicle 

is  changing  the  course.  The  output  of  the  angular 
velocity  sensor  13  is  applied  to  a  direction  assum- 
ing  circuit  14.  In  the  direction  assuming  circuit  14, 

3 
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the  direction  of  the  vehicle  at  the  present  position 
is  assumed  with  reference  to  the  direction  at  a  past 
position  which  is  computed  from  the  output  circle 
calculation  circuit  12,  and  a  new  distance  data  is 
output.  The  output  of  the  distance  assuming  circuit 
14  is  applied  to  an  output  circle  center  calculation 
circuit  16.  The  output  of  the  A/D  converter  11  is 
also  applied  to  a  foreign  magnetic  field  sensing 
circuit  15. 

Operation  of  the  embodiment  is  elucidated 
hereafter  with  reference  to  FIGs.  2,  3,  4  and  5. 

FIG.2  is  a  graph  of  an  output  circle  which  is 
measured  by  passing  a  vehicle  provided  with  the 
terrestrial  magnetism  sensor  1  on  a  railroad  cross- 
ing  having  a  foreign  magnetic  field,  which  is  caus- 
ed  by  a  large  current  flowing  through  the  railroad 
and  electric  transmission  lines  in  proximity  to  the 
railroad  crossing.  Referring  to  FIG.2,  an  output  cir- 
cle  E2  shows  an  output  circle  of  the  state  before 
passing  the  railroad  crossing,  and  the  center  C  is 
shifted  from  the  point  of  origin  0  to  a  position  (X2, 
y2)  of  the  tip  of  an  arrow  2D  by  magnetization  of 
the  vehicle.  The  direction  of  the  foreign  magnetic 
field  is  shown  by  an  arrow  2F.  When  the  vehicle 
passes  in  the  foreign  magnetic  field,  status  of  the 
magnetization  of  the  vehicle,  namely  the  direction 
and  intensity  of  the  magnetization  are  affected  by 
the  foreign  magnetic  field  and  are  varied  thereby. 
The  variation  of  the  magnetization  of  the  vehicle 
does  not  return  to  the  original  status  very  quickly 
after  passing  in  the  foreign  magnetic  field,  but 
remains  for  several  days  by  gradually  varying  to 
the  original  status. 

When  the  magnetization  of  the  vehicle  is  varied 
by  the  foreign  magnetic  field  as  mentioned  above, 
the  center  coordinates  (X2,  y2)  of  the  output  circle 
E2  is  shifted  on  the  X-Y  coordinates.  It  was  clarified 
by  an  actual  measurement  by  the  inventor  that  the 
moving  direction  of  the  center  of  the  output  circle 
E2  was  inverse  to  that  of  the  foreign  magnetic  field 
with  respect  to  the  center  coordinates,  and  a 
moved  center  exists  on  a  prolonged  line  of  the 
arrow  2F  as  marked  by  crosses  P.  In  the  embodi- 
ment,  the  result  which  is  obtained  by  the  above- 
mentioned  measurement  is  utilized. 

FIG.3  is  a  graph  of  an  output  circle  which  is 
partly  distorted  by  the  foreign  magnetic  field.  When 
the  vehicle  is  magnetized  in  a  direction  by  passing 
in  the  foreign  magnetic  field,  it  is  considered  that  a 
part  of  the  output  circle  E3  protrudes  to  the  direc- 
tion  of  the  magnetization  as  shown  by  a  protrusion 
Ep3.  The  distortion  results  in  a  protruding  outward 
from  the  output  circle  E3  (shown  in  FIG.  3)  or  in 
depression  inward  thereof  (not  shown)  in  compli- 
ance  with  the  direction  of  the  foreign  magnetic 
field.  The  value  and  direction  of  such  distortion  of 
the  output  circle  is  computed  by  comparing  the 
direction  signal  of  the  output  circle  prior  to  entering 

the  foreign  magnetic  field  with  the  direction  signal 
of  the  terrestrial  magnetism  sensor  1  after  passing 
the  foreign  magnetic  field. 

Hereafter,  the  operation  of  the  embodiment  is 
5  elucidated  with  reference  to  the  flow  chart  shown  in 

FIG.5.  The  direction  signal  of  the  terrestrial  mag- 
netism  sensor  1  is  sampled  with  a  predetermined 
periodic  time  (1.0  second,  for  example)  for  A/D 
converting  (Step  21).  The  sampled  and  digitalized 

io  direction  signal  together  with  the  data  of  the  output 
circle  memorized  in  the  output  circle  calculation 
circuit  12  are  applied  to  the  foreign  magnetic  field 
sensing  circuit  15.  In  the  foreign  magnetic  field 
sensing  circuit  15,  the  sampled  direction  signal  is 

is  compared  with  the  direction  signal  of  the  output 
circle  memorized  in  the  output  circle  calculation 
circuit  12.  When  the  difference  between  them  (vari- 
ation  of  detected  value  of  the  terrestrial  magnetism 
sensor  1)  is  larger  than  10%  of  the  intensity  of  the 

20  direction  signal  corresponding  to  the  radius  of  the 
output  circle,  for  example,  it  is  determined  that  the 
magnetization  of  the  vehicle  is  varied  by  the  for- 
eign  magnetic  field  (Step  22). 

Subsequently,  the  direction  of  the  foreign  mag- 
25  netic  field  is  sensed  as  described  hereafter  (Step 

22).  When  the  variation  of  the  direction  signal  per 
the  unit  time  of  the  sampling  periodic  time  be- 
comes  the  maximum  value  during  passing  the  rail- 
road  crossing,  an  X  direction  variation  (dx)  and  a  Y 

30  direction  variation  (dy)  of  the  outputs  from  the 
terrestrial  magnetism  sensor  1  is  detected.  Then, 
the  direction  0  of  the  foreign  magnetic  field  with 
respect  to  the  abscissa  X  is  given  by 

35  0  =  arctan  (dy/dx)  (1). 

FIG.4  is  a  graph  of  an  output  circle  E4  after 
passing  the  railroad  crossing.  Referring  to  FIG.4, 
the  direction  of  the  foreign  magnetic  field  is  shown 

40  by  an  arrow  F4,  and  the  angle  0ab  between  the 
arrow  F4  and  the  abscissa  X  is  given  by  the 
equation  (1).  The  course  of  the  vehicle  after  pass- 
ing  the  railroad  crossing  shown  by  an  arrow  R4  is 
computed  as  follows.  The  vehicle  is  first  driven  for 

45  a  predetermined  distance  (50  ~  100  m,  for  exam- 
ple)  after  passing  of  the  railroad  crossing,  and  the 
variation  of  the  course  of  the  vehicle  is  detected  by 
the  angular  velocity  sensor  13.  Then,  the  detected 
angular  velocity  value  is  applied  to  the  direction 

50  assuming  circuit  14,  and  a  corrected  course  R4  is 
determined  by  correcting  the  course  before  pass- 
ing  the  railroad  crossing  which  is  inputted  from  the 
output  circle  calculation  circuit  12  (Step  25).  The 
corrected  course  R4  is  applied  to  the  output  center 

55  calculation  circuit  16. 
Subsequently,  the  angle  0m  between  the  arrow 

R4  and  the  abscissa  X  is  given  by  the  following 
equation  (2): 

4 
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0m  =  arctan  ((My  -  Cny)/(Mx  -  Cnx))  (2). 

Therein,  the  coordinate  Cn  (Cnx,  Cny)  represents 
the  new  center  of  the  output  circle  E4  which  is 
moved  to  a  new  position  on  the  X-Y  coordinates, 
and  the  coordinate  M  (Mx,  My)  represents  a  posi- 
tion  on  the  output  circle  E4  which  is  obtained  on 
the  basis  of  the  direction  signal  of  the  terrestrial 
magnetism  sensor  1  after  passing  of  the  railroad 
crossing. 

According  to  the  actual  measurement  de- 
scribed  with  reference  to  FIG.2,  it  is  assumed  that 
the  center  (Cn)  of  the  output  circle  after  passing 
the  railroad  crossing  is  on  the  prolonged  line  of  the 
arrow  F4  which  shows  the  direction  of  foreign  mag- 
netic  field,  at  a  position  in  inverse  direction  to  the 
direction  of  the  foreign  magnetic  field  with  respect 
to  the  center  (Co).  Therefore,  the  new  center  co- 
ordinate  Cn  (Cnx,  Cny)  is  obtained  by  evaluating 
an  intersection  of  the  straight  line  of  the  arrow  F4 
and  the  straight  line  of  the  arrow  R4.  The  straight 
line  shown  by  the  arrow  F4  is  given  by 

y  =  x«tan(0ab)  +  Coy  -  Cox«tan(0ab)  (3). 

The  straight  line  shown  by  the  arrow  R4  is  given 
by 

y  =  x«tan(0)  +  My  -  Mx«tan(0)  (4). 

The  components  Cnx  and  Cny  of  the  intersection 
of  both  the  straight  lines  are  given  by  equations  (5) 
and  (6)  by  using  the  equations  (3)  and  (4)  as 
follows: 

Cnx  =  (My  -  Mx  •  tan(e)  -  Coy  +  Cox  •  tan(eab)) 
/(tan(eab)  -  tan(e))  (5),  and 

Cny  =  (tan(eab)  •  (My  -  Mx  •  tan(e))  -  tan(e)  •  - 
(Coy  -  Cox  •  tan(eab)))  /(tan(eab)  -  tan(e))  (6). 

Consequently,  the  center  coordinate  Cn  (Cnx, 
Cny)  of  the  output  circle  corresponding  to  the  vari- 
ation  of  the  magnetization  of  the  vehicle  after  pass- 
ing  the  railroad  crossing  is  obtained  by  the  above- 
mentioned  operation  (Step  26). 

Subsequently,  it  is  examined  that  the  differ- 
ence  between  the  new  center  coordinate  (Cn)  and 
the  former  center  coordinate  (Co)  is  larger  than  a 
predetermined  value  (20%  of  the  direction  signal 
corresponding  to  the  radius  of  the  output  circle,  for 
example)  (Step  27).  Then,  when  the  difference  is 
larger  than  the  predetermined  value,  the  center 
coordinate  (Co)  of  the  output  circle  memorized  in 
the  output  circle  calculation  circuit  12  is  replaced 
with  the  new  center  coordinate  (Cn)  (Step  28). 

In  the  embodiment,  the  assumed  course  of  the 
vehicle  after  passing  of  the  railroad  crossing  is 
computed  on  the  basis  of  the  detected  value  of  the 
angular  velocity  sensor  13.  The  assumed  course 

5  can  be  computed  on  the  basis  of  the  received 
signal  of  the  Global  Positioning  System  (wherein  a 
wireless  signal  is  transmitted  by  a  satellite,  and  a 
vehicle  can  detect  its  position  by  receiving  the 
wireless  signal)  or  a  sign  post  (wherein  a  wireless 

io  signal  is  transmitted  from  apparatuses  placed  at 
sides  of  the  road,  and  a  vehicle  can  detect  its 
direction  of  the  road  by  receiving  the  wireless 
signal). 

Although  the  invention  has  been  described  in 
is  its  preferred  form  with  a  certain  degree  of  particu- 

larity,  it  is  understood  that  the  present  disclosure  of 
the  preferred  form  has  been  changed  in  the  details 
of  construction  and  the  combination  and  arrange- 
ment  of  parts  may  be  resorted  to  without  departing 

20  from  the  scope  of  the  invention  as  claimed. 

Claims 

1.  A  direction  finding  apparatus  comprising: 
25  a  terrestrial  magnetism  sensor  (10)  having 

two  sensor  elements  (1A.1B)  arranged  ortho- 
gonally  to  each  other  and  vertically  for  detect- 
ing  a  terrestrial  magnetism,  mounted  on  a  ve- 
hicle, 

30  output  circle  calculation  means  (12)  for 
generating  data  of  an  output  circle  (E2.E3) 
computed  on  the  basis  of  the  outputs  of  said 
two  sensor  elements  of  said  terrestrial  mag- 
netism  sensor  (10)  on  an  X-Y  coordinate  at  a 

35  360°  turning  of  said  vehicle  on  the  ground, 
foreign  magnetic  field  sensing  means  (15) 

for  finding  direction  of  a  foreign  magnetic  field 
(2F)  which  is  caused  by  a  current  flowing 
through  electric  transmission  lines, 

40  course  finding  means  (13)  comprising  an 
angular  velocity  sensor  for  detecting  a  360° 
turn  of  said  vehicle  for  finding  course  of  said 
vehicle  after  passing  through  said  foreign  mag- 
netic  field,  by  computing  the  output  of  said 

45  angular  velocity  sensor  and  the  data  of  said 
former  output  circle  before  passing  through 
said  foreign  magnetic  field  (2F), 

direction  assuming  means  (14)  for  deter- 
mining  an  assumed  direction  on  the  basis  of 

50  one  member  selected  from  the  group  consist- 
ing  of  the  detected  data  of  said  course  finding 
means  and  the  data  of  said  former  output 
circle  before  passing  through  said  foreign 
magnetic  field,  the  direction  of  a  road  in  map 

55  data,  the  data  of  Global  Positioning  System 
and  the  direction  of  a  road  in  the  data  which  is 
transmitted  by  a  sign  post, 

output  circle  center  calculation  means  (16) 

5 
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for  evaluating  a  distance  deviation  of  a  new 
center  of  said  output  circle  after  passing 
through  said  foreign  magnetic  field  (2F)  from 
the  former  center  before  passing  through  said 
foreign  magnetic  field  on  the  basis  of  said 
direction  of  said  foreign  magnetic  field  and  the 
direction  detected  by  said  direction  assuming 
means,  and 

output  circle  center  renewal  means  (17)  for 
changing  the  position  of  said  former  center  to 
the  new  center  computed  by  said  output  circle 
center  calculation  means. 

2.  A  direction  finding  apparatus  in  accordance 
with  claim  1  ,  wherein  said  output  circle  center 
calculation  means  (16)  computes  an  intersec- 
tion  (Cn)  of  a  line  (F4)  representing  the  direc- 
tion  of  said  foreign  magnetic  field  and  a  line 
representing  said  assumed  direction  by  said 
direction  assuming  means. 

Patentanspruche 

1.  Vorrichtung  zur  Bestimmung  einer  Richtung, 
die  folgende  Elemente  aufweist: 

einen  Erdmagnetfeldsensor  (10)  mit  zwei 
Sensorelementen  (1A,  1B),  die  orthogonal  zu- 
einander  und  vertikal  angeordnet  an  einem 
Fahrzeug  angeordnet  sind,  urn  ein  Erdmagnet- 
feld  wahrzunehmen  bzw.  zu  bestimmen, 

eine  Ausgangskreisberechnungseinrich- 
tung  (12)  zum  Erzeugen  von  Daten  eines  Aus- 
gangskreises  (E2,  E3),  der  auf  der  Basis  der 
Ausgabewerte  der  zwei  Sensorelemente  des 
Erdmagnetfeldsensors  (10)  in  einem  X-Y  Koor- 
dinatensystem  bei  einer  360°-Drehung  des 
Fahrzeuges  auf  dem  Untergrund  berechnet 
wird, 

eine  Einrichtung  (15)  zum  Wahrnehmen 
bzw.  Bestimmen  eines  auBeren  Magnetfeldes 
zum  Bestimmen  einer  Richtung  eines  auBeren 
Magnetfeldes  (2F),  welche  durch  einen  Strom 
bewirkt  wird,  der  durch  elektrische  Ubertra- 
gungsleitungen  flieBt, 

eine  Fahrtrichtungsbestimmungseinrich- 
tung  (13),  die  einen  Winkelgeschwindigkeits- 
sensor  zum  Bestimmen  einer  360°-Drehung 
des  Fahrzeugs  aufweist,  urn  eine  Fahrtrichtung 
des  Fahrzeugs  nach  dem  Durchqueren  des 
auBeren  Magnetfeldes  zu  bestimmen,  indem 
die  Ausgangswerte  des  Winkelgeschwindig- 
keitssensors  und  die  Daten  des  vorherigen 
Ausgangskreises  vor  dem  Durchqueren  des 
auBeren  Magnetfeldes  (2F)  berechnet  werden, 

eine  Einrichtung  (14)  zum  Annehmen  bzw. 
Einschatzen  einer  Richtung  zum  Bestimmen 
einer  angenommenen  Richtung  auf  Basis  eines 
aus  derjenigen  Gruppe  entnommenen  Mit- 

glieds,  die  die  wahrgenommenen  bzw.  festge- 
stellten  Daten  der  fahrtrichtungsbestimmenden 
Einrichtung  und  die  Daten  des  vorherigen  Aus- 
gangskreises  vor  dem  Durchqueren  des  auBe- 

5  ren  Magnetfeldes,  die  Richtung  einer  StraBe 
gemaB  Daten  einer  Karte,  die  Daten  eines  glo- 
balen  Positions-  bzw.  Positionierungssystems 
und  die  Richtung  einer  StraBe  gemaB  den  Da- 
ten,  welche  uber  ein  Zeichenubermittlungssy- 

io  stem  ubermittelt  werden,  umfaBt, 
eine  Einrichtung  (16)  zum  Berechnen  ei- 

nes  Ausgangskreismittelpunktes  zum  Einschat- 
zen  einer  Abstandsabweichung  eines  neuen 
Mittelpunktes  des  Ausgangskreises  nach  dem 

is  Durchqueren  des  auBeren  magnetischen  Fel- 
des  (2F)  von  dem  vorherigen  Mittelpunkt  vor 
dem  Durchqueren  des  auBeren  magnetischen 
Feldes  auf  der  Basis  der  Richtung  des  auBeren 
magnetischen  Feldes  und  der  Richtung,  die 

20  durch  die  Einrichtung  zum  Einschatzen  einer 
Richtung  wahrgenommen  bzw.  festgestellt 
wird,  und 

eine  Einrichtung  (17)  zum  Erneuern  bzw. 
Neufestsetzen  eines  Ausgangskreismittelpunk- 

25  tes  zum  Andern  der  Position  des  vorherigen 
Mittelpunktes  zu  dem  neuen  Mittelpunkt,  der 
durch  die  Einrichtung  zum  Berechnen  des 
Ausgangskreismittelpunktes  berechnet  worden 
ist. 

30 
2.  Eine  Vorrichtung  zum  Bestimmen  einer  Rich- 

tung  nach  Anspruch  1,  wobei  die  Einrichtung 
(16)  zum  Berechnen  des  Ausgangskreismittel- 
punktes  einen  Schnittpunkt  (Cn)  einer  Linie 

35  (F4),  die  die  Richtung  des  auBeren  Magnetfel- 
des  wiedergibt,  und  einer  Linie,  die  die  ange- 
nommene  Richtung  wiedergibt  bzw.  darstellt, 
mittels  der  Einrichtung  zum  Einschatzen  einer 
Richtung  berechnet. 

40 
Revendicatlons 

1.  Dispositif  de  determination  d'azimut  compre- 
nant  : 

45  un  capteur  de  magnetisme  terrestre  (10) 
comportant  deux  elements  de  capteur  (1A,  1B) 
disposes  orthogonalement  I'un  par  rapport  a 
I'autre  et  verticalement  pour  detecter  un  ma- 
gnetisme  terrestre,  monte  sur  un  vehicule, 

50  un  moyen  de  calcul  de  cercle  de  sortie 
(12)  pour  produire  des  donnees  d'un  cercle  de 
sortie  (E2,  E3)  calcule  sur  la  base  des  sorties 
des  deux  elements  de  capteur  dudit  capteur 
de  magnetisme  terrestre  (10)  sur  des  coordon- 

55  nees  X-Y  apres  avoir  tourne  de  360°  ledit 
vehicule  sur  le  sol, 

un  moyen  de  detection  de  champ  magne- 
tique  etranger  (15)  pour  determiner  I'azimut 

6 
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d'un  champ  magnetique  etranger  (2F)  qui  est 
provoque  par  un  courant  circulant  dans  des 
lignes  de  transmission  electrique, 

un  moyen  de  detection  de  cap  (13)  com- 
prenant  un  capteur  de  vitesse  angulaire  pour  5 
detecter  une  rotation  de  360°  dudit  vehicule 
pour  determiner  le  cap  du  vehicule  apres  etre 
passe  a  travers  ledit  champ  magnetique  etran- 
ger,  en  calculant  la  sortie  dudit  detecteur  de 
vitesse  angulaire  et  les  donnees  dudit  cercle  10 
de  sortie  precedent  avant  de  passer  a  travers 
le  champ  magnetique  etranger  (2F), 

un  moyen  d'estimation  d'azimut  (14)  pour 
determiner  un  azimut  suppose  sur  la  base  d'un 
element  selectionne  parmi  le  groupe  qui  est  is 
constitue  de  donnees  detectees  dudit  moyen 
de  determination  de  cap  et  des  donnees  dudit 
cercle  de  sortie  precedent  avant  de  passer  a 
travers  ledit  champ  magnetique  etranger,  I'azi- 
mut  d'une  route  dans  des  informations  carto-  20 
graphiques,  les  donnees  du  Systeme  de  Posi- 
tionnement  Global  ("GPS")  et  I'azimut  d'une 
route  dans  les  donnees  qui  sont  transmis  par 
un  poteau  indicateur, 

un  moyen  de  calcul  de  centre  de  cercle  25 
de  sortie  (16)  pour  evaluer  un  ecart  de  distan- 
ce  d'un  nouveau  centre  dudit  cercle  de  sortie 
apres  etre  passe  a  travers  ledit  champ  magne- 
tique  etranger  (2F)  a  partir  du  centre  prece- 
dent  avant  de  passer  a  travers  ledit  champ  30 
magnetique  etranger  sur  la  base  de  ladite  di- 
rection  dudit  champ  magnetique  etranger  et  de 
la  direction  detectee  par  ledit  moyen  d'estima- 
tion  d'azimut,  et 

un  moyen  de  renouvellement  du  centre  de  35 
cercle  de  sortie  (17)  pour  modifier  la  position 
dudit  centre  precedent  en  nouveau  centre  cal- 
cule  par  ledit  moyen  de  calcul  du  centre  de 
cercle  de  sortie. 

40 
2.  Dispositif  de  determination  d'azimut  selon  la 

revendication  1,  dans  lequel  ledit  moyen  de 
calcul  de  centre  de  cercle  de  sortie  (16)  cal- 
cule  une  intersection  (Cn)  d'une  ligne  (F4)  re- 
presentant  I'azimut  du  champ  magnetique  45 
etranger  et  une  ligne  representant  ladite  direc- 
tion  supposee  par  ledit  moyen  d'estimation 
d'azimut. 

7 
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