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©  An  image  following  apparatus  for  a  vehicle  ca- 
pable  of  following  a  moving  object  such  as  a  preced- 
ing  vehicle  with  high  reliability  without  being  influ- 
enced  by  external  disturbances.  An  image  of  the 
preceding  vehicle(8)is  successively  sensed  by  a  vid- 
eo  camera(1)at  predetermined  intervals  and  stored  in 
a  first  and  a  second  memory  (3,  4).  A  mirror  image 
signal,  which  is  symmetric  to  a  basic  image  signal  of 
the  vehicle  (8)  for  which  a  window  is  set,  is  stored  in 
a  mirror-image  memory(5).  A  CPU(6A)  makes  a 
comparison  between  the  basic  image  signal  and  a 
new  image  signal  in  a  new  window  and  updates  the 
window  at  a  location  in  which  the  image  signal  in  the 
window  has  the  best  match  with  the  basic  image 
signal.  A  new  image  signal  in  the  updated  window  is 
compared  with  a  mirror  image  signal  in  the  mirror- 
image  memory  so  that  the  position  of  the  updated 
window  is  adjusted  to  a  location  in  which  the  new 
image  signal  is  the  most  symmetric  to  the  mirror 
image  signal. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  an  image  fol- 
lowing  apparatus  which  is  able  to  follow  a  moving 
object  such  as  a  vehicle  in  an  automatic  fashion. 

A  typical  example  of  an  image  following  ap- 
paratus  utilizing  an  image  signal  generated  by  an 
image  sensor  is  disclosed  in  Japanese  Patent  Pub- 
lication  No.  61-57756.  Such  an  image  following 
apparatus  is  shown  in  Fig.  3.  In  this  figure,  a  video 
camera  1  images  an  object  7  lying  ahead  thereof  at 
predetermined  time  intervals  and  accordingly  gen- 
erates  an  image  signal  a(i,  jj  of  analog  form  which  is 
then  converted  from  analog  into  digital  form  by  an 
analog-to-digital  (A/D)  converter  2  and  stored  in  a 
memory  3  or  4.  A  central  processing  unit  (CPU)  6 
performs  image  processing  on  a  first  or  previously 
sensed  image  signal  a(i,  jj  stored  in  the  memory  3 
and  a  second  or  currently  sensed  image  signal  b(i,  jj 
stored  in  the  memory  4  so  as  to  examine  a  rela- 
tionship  therebetween.  As  a  result,  the  CPU  6 
forms  a  window  on  a  display  screen  for  displaying 
an  image  of  the  object  7  as  currently  sensed  which 
has  the  best  match  with  an  image  of  the  object  7 
as  previously  sensed. 

More  specifically,  the  CPU  6  calculates  such  a 
relationship  between  a  previous  image  signal  a(i,  j) 
{1̂   i   ̂ n1  and  1   ̂ j   ̂ m}  of  a  reference  image  10, 
which  is  stored  in  the  memory  3  and  corresponds 
to  a  window  11  as  shown  in  Fig.  4A,  and  a  new 
image  signal  b(i,  j>  {1   ̂ i   ̂ Ni  and  1   ̂ j   ̂ M}  of  a 
comparison  image  12,  which  is  stored  in  the  mem- 
ory  4  and  corresponds  to  a  window-neighboring 
area  13  as  shown  in  Fig.  4B,  in  the  following 
manner.  First,  a  picture  element  or  pixel  signal  a(1, 
1)  corresponding  to  the  left-end  top  corner  of  a 
window-neighboring  area  13,  which  encloses  the 
window  1  1  and  is  larger  than  it,  and  another  picture 
element  signal  b(1,  1(  corresponding  to  the  left-end 
top  corner  of  the  window  1  1  are  read  out  from  the 
memories  3,  4,  and  the  absolute  value  c(1,  1(  of  a 
difference  therebetween  is  calculated  as  follows: 

co,  1)  =  la(i.  1)  "  i)| 

Such  a  calculation  is  sequentially  carried  out  for  all 
the  remaining  picture  elements  within  the  window 
11  and  the  corresponding  picture  elements  in  the 
window-neighboring  area  13,  and  all  the  absolute 
values  thus  obtained  are  summed  up  as  follows: 

S(1,  1)  =  E  C(i,  j) 

Subsequently,  the  range  in  the  window-neigh- 
boring  area  13  for  searching  the  window  11  is 
shifted  to  the  right  from  the  left  top  corner  of  the 
window-neighboring  area  13  by  one  picture  ele- 
ment,  and  an  absolute  value  of  a  difference  be- 

tween  a  picture  element  signal  b(1,  2)  corresponding 
to  the  left-end  top  corner  of  the  thus  shifted  win- 
dow  searching  range  and  the  picture  element  sig- 
nal  a(1,  i)  corresponding  to  the  left  top  corner  of  the 

5  window  1  1  is  calculated  as  follows: 

C(2,  1)  =  |a<i,  1)  ■  b(i,  2)| 

Then,  the  absolute  values  thus  obtained  for  all  the 
io  picture  elements  within  the  window  1  1  are  summed 

up  as  follows: 

S(1,2)  =  EC(iij) 

75  Similarly,  the  above  calculations  are  carried  out 
for  all  the  remaining  image  signals  within  the 
window-neighboring  area  13  while  sequentially 
shifting  the  left-end  top  picture  element  signal  s(1,  ■,) 
{i  varies  from  1  to  (M  -  m  +  1)}  of  the  window 

20  searching  range  in  the  window-neighboring  area  13 
to  the  right  one  picture  element  by  one  picture 
element.  Subsequently,  the  window  searching 
range  is  downwardly  shifted  from  the  left  top  cor- 
ner  of  the  window-neighboring  area  13  by  one 

25  picture  element,  and  the  absolute  value  c(1,  1(  of  a 
difference  between  a  picture  element  signal  b(2,  i> 
corresponding  to  the  left  top  corner  of  the  thus 
shifted  window  searching  range  and  the  picture 
element  a(1,  1(  corresponding  to  the  left  top  corner 

30  of  the  window  1  1  is  calculated  as  follows: 

C(1,  1)  =  la(1.  1)  "  k(2,  1)| 

Then,  the  absolute  values  C(i,  j)  thus  obtained  for  all 
35  the  picture  elements  in  the  window  1  1  are  summed 

up  in  the  same  manner  as  described  above  to 
provide  a  total  sum  s(2,  ,)  {i  varies  from  1  to  (N  -  n 
+  1)}- 

Finally,  a  minimum  total  sum,  which  gives  a 
40  minimum  value  among  all  the  total  sums  Sy,  ■,)  thus 

obtained  for  all  the  window  searching  ranges  in  the 
window-neighboring  area  13,  is  determined,  and  a 
window  searching  range  providing  the  minimum 
total  sum  is  set  as  a  new  window  which  gives  the 

45  best  match  with  the  window  11.  The  original  win- 
dow  1  1  is  thus  updated  by  the  new  window  and  it 
is  stored  in  a  memory,  thus  making  it  possible  to 
follow  the  image  of  a  moving  object  in  the  form  of 
a  preceding  vehicle  in  an  automatic  fashion. 

50  The  above-described  conventional  image  fol- 
lowing  apparatus,  however,  has  the  following 
drawback:  if  another  object  other  than  the  target 
moving  object,  which  has  a  relatively  high  contrast 
ratio  (i.e.,  a  high  light  reflection  capability),  comes 

55  into  the  window  11,  the  position  of  a  new  window 
as  freshly  set  in  the  above  manner  will  often  be 
gradually  deviated  from  the  best  position  in  which 
the  target  object  is  located  substantially  in  the 
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center  of  the  window  11,  so  the  apparatus  may 
lose  sight  of  the  image  of  the  target  object  at  last. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  the  present  invention  is  intended 
to  overcome  the  above-described  problem  encoun- 
tered  with  the  conventional  image  following  appara- 
tus,  and  has  for  its  object  the  provision  of  a  novel 
and  improved  image  following  apparatus  which  is 
always  able  to  follow  a  target  moving  object  in  an 
extremely  accurate  manner  without  any  influence 
from  external  disturbances. 

In  order  to  achieve  the  above  object,  according 
to  the  present  invention,  there  is  provided  an  image 
following  apparatus  which  comprises:  an  image 
sensor  for  sensing  an  object  and  generating  a 
corresponding  image  signal;  memory  means  for 
storing  image  signals  successively  generated  by 
the  image  sensor  at  predetermined  intervals;  win- 
dow  updating  means  for  making  a  comparison  be- 
tween  the  successive  image  signals  in  the  memory 
means  and  forming  and  updating  a  window  on  a 
display  screen;  mirror-image  memory  means  for 
storing  a  mirror-image  signal  which  is  symmetrical 
to  an  image  signal  in  the  updated  window  formed 
by  the  window  updating  means  with  respect  to  a 
vertical  axis  of  symmetry;  and  window  adjusting 
means  for  making  a  comparison  between  a  new 
image  signal  corresponding  to  the  updated  window 
and  a  mirror-image  signal  stored  in  the  mirror- 
image  memory  while  successively  shifting  these 
image  signals  relative  to  each  other  by  at  least  one 
bit  at  a  time,  the  adjusting  means  being  operable  to 
adjust  the  position  of  the  updated  window  to  a 
location  in  which  the  image  signal  in  the  updated 
window  is  the  most  symmetrical  to  the  mirror- 
image  signal  with  respect  to  the  vertical  axis  of 
symmetry. 

The  above  and  other  objects,  features  and  ad- 
vantages  of  the  invention  will  become  more  readily 
apparent  from  the  following  detailed  description  of 
a  preferred  embodiment  of  the  invention  taken  in 
conjunction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  block  diagram  schematically  showing 
the  general  construction  of  an  image  following 
apparatus  for  a  vehicle  in  accordance  with  the 
present  invention; 
Fig.  2A  is  a  schematic  view  showing  an  original 
memory  area  storing  a  reference  image  and  a 
mirror-image  memory  area  storing  a  mirror  im- 
age  of  the  reference  image; 
Fig.  2B  is  a  schematic  view  showing  a  compari- 
son  between  a  current  image  signal  and  the 
reference  or  mirror  image  signal; 

Fig.  2C  is  a  graphical  representation  showing  a 
total  sum  of  differences  between  the  current 
image  signal  and  the  reference  or  mirror  image 
signal  with  respect  to  the  amount  of  horizontal 

5  displacement; 
Fig.  3  is  a  schematic  view  showing  the  general 
construction  of  a  conventional  image  following 
apparatus  for  a  vehicle; 
Fig.  4A  is  a  view  showing  an  original  window  in 

io  a  reference  image  set  by  the  apparatus  of  Fig. 
3; 
Fig.  4B  is  a  view  showing  a  window-neighboring 
area  in  a  comparison  image  defined  by  the 
apparatus  of  Fig.  3;  and 

is  Fig.  4C  is  a  view  showing  a  new  window  set  by 
the  apparatus  of  Fig.  3  under  the  influence  of  an 
external  disturbance. 

In  the  drawings,  the  same  or  corresponding 
parts  are  identified  by  the  same  symbols. 

20 
DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

A  preferred  embodiment  of  the  present  inven- 
25  tion  will  now  be  described  in  detail  with  reference 

to  the  accompanying  drawings. 
Referring  to  the  drawings  and  first  to  Fig.  1,  an 

image  following  apparatus  for  a  vehicle  constructed 
in  accordance  with  the  present  invention  is  sche- 

30  matically  illustrated  in  block  form.  The  apparatus 
can  be  mounted  on  a  vehicle  for  allowing  it  to 
follow  a  preceding  vehicle.  The  apparatus  illus- 
trated  in  Fig.  1  includes  an  image  sensor  1  in  the 
form  of  a  video  camera  for  optically  imaging  a 

35  moving  object  8  in  the  form  of  a  preceding  vehicle 
and  generating  a  corresponding  image  signal  of 
analog  form,  an  A/D  converter  2  for  converting  the 
analog  output  signal  from  the  video  camera  1  into 
digital  form,  a  first  and  a  second  memory  3,  4 

40  storing  the  digitized  output  signal  from  the  A/D 
converter  2,  a  mirror-image  memory  storing  a  mir- 
ror  image  of  the  digitized  output  signal  from  the 
A/D  converter  5,  and  a  central  processing  unit 
(CPU)  6A  for  processing  the  image  data  stored  in 

45  the  memories  3,  4  and  5  and  allowing  a  subject 
vehicle,  on  which  the  apparatus  of  the  invention  is 
mounted,  to  follow  the  target  preceding  vehicle  8. 

More  specifically,  when  the  video  camera  1 
first  catches  the  preceding  vehicle  8  at  time  to,  it 

50  generates  an  image  signal  a(i,  j>  (1   ̂ i   ̂ xO,  and  1  ^ 
j   ̂ yO)  representative  of  an  image  of  the  preceding 
vehicle  8,  which  is  then  converted  from  analog  into 
digital  form  by  the  A/D  converter  2  and  stored  in 
one  of  the  first  and  second  memories  3,  4.  A  mirror 

55  image  a(i,  y0  .  j  +  i>  of  the  image  signal  a(i,  j)  is  stored 
in  the  mirror-image  memory  5.  A  new  image  signal 
for  the  preceding  vehicle  8,  which  is  produced  by 
the  video  camera  1  after  the  lapse  of  a  predeter- 
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mined  time  form  time  to,  is  A/D  converted  by  the 
A/D  converter  2  and  then  stored  in  the  other  of  the 
first  and  second  memories  3,  4.  A  mirror  image  b(i, 
y0  .  j  +  1)  of  the  preceding  vehicle  8  at  that  time  is 
also  stored  in  the  mirror-image  memory  5. 

As  previously  explained  with  respect  to  the 
known  vehicle  following  apparatus  illustrated  in  Fig. 
3  and  Figs.  4A  through  4C,  the  CPU  6A  performs 
image  processing  for  examining  a  relationship  such 
as  similarity  between  the  image  signal  a(i,  j)  stored, 
for  example,  in  the  first  memory  3  and  the  image 
signal  b(i,  j)  stored,  for  example,  in  the  second 
memory  4,  and  then  forming  and  updating  a  win- 
dow  on  a  display  screen  at  a  location  in  which  the 
image  signals  a(i,  j)  and  b(i,  j)  have  the  most  similar- 
ity  or  best  match.  Moreover,  in  the  image  following 
apparatus  of  the  invention,  the  CPU  6A  has  a 
further  function  of  making  a  comparison  between 
the  new  mirror  image  signal  b(i,  y0  .  j  +  i>  stored  in 
the  mirror-image  memory  5  and  an  image  signal 
b(P,  q)  in  the  updated  window  stored  in  the  second 
memory  4,  and  finding  a  position  of  the  window  b(x, 
y)  which  provides  the  best  match  between  these 
image  signals,  i.e.,  a  position  in  which  the  image 
signals  are  the  most  symmetric  with  respect  to  the 
vertical  center  line  of  the  window.  As  a  result,  even 
if  some  bright  object  other  than  the  preceding 
vehicle  8  is  coming  into  the  window,  the  CPU  6A 
acts  to  prevent  the  position  of  the  window  thus 
determined  from  being  deviated  due  to  the  influ- 
ence  of  the  bright  object,  thus  enabling  the  subject 
vehicle  to  follow  the  preceding  vehicle  8,  which  is 
symmetrical  with  respect  to  the  vertical  center  line 
thereof,  in  a  precise  manner. 

Next,  the  window  position  adjusting  function  of 
the  image  following  apparatus  of  the  invention  will 
be  described  in  detail  with  particular  reference  to 
Figs.  2A  through  2C.  First  in  Fig.  2A,  a  window  15 
freshly  set  in  a  new  image  signal  14  by  the  window 
updating  function  of  the  CPU  6A  is  represented  by 
an  image  signal  b(p,  q);  a  mirror  image  signal  16 
formed  in  symmetry  with  respect  to  a  vertical  side 
line  (i.e.,  y-axis)  of  the  window  14  by  the  CPU  6A 
represents  data  stored  in  the  mirror-image  memory 
5;  and  a  mirror  window  17  formed  in  the  mirror 
image  signal  16  in  symmetry  with  the  window  15 
with  respect  to  the  vertical  side  line  or  y-axis  of  the 
window  14  is  stored  as  data  b(p,  y0  .  q  +  1)  in  the 
mirror-image  memory  5.  As  shown  in  Fig.  2B,  a 
relationship  such  as  similarity  between  the  image 
signal  b(p,  q)  in  the  window  15  and  the  image  signal 
b(ii   ̂ of  corresponding  data  16  in  the  mirror-image 
memory  5  is  examined  or  calculated  while  succes- 
sively  displacing  data  18  of  a  window-neighboring 
area  in  the  mirror-image  memory  5,  which  lie  in  the 
vicinity  of  the  mirror  window  17  in  a  horizontal 
band  area  horizontally  corresponding  to  the  mirror 
window  17,  in  a  stepwise  manner,  e.g.,  by  one  bit 

or  a  plurality  of  bits  at  a  time  in  a  horizontal  (i.e.,  x- 
axis)  direction.  As  a  result,  a  relationship  or  de- 
viation  between  the  image  signal  in  the  original 
window  15  and  the  image  signal  in  the  mirror 

5  window  17  with  respect  to  the  amount  of  displace- 
ment  of  the  latter  image  signal  is  established,  as 
illustrated  in  Fig.  2C.  Specifically,  by  horizontally 
displacing  data  b(i,  j>  of  the  window-neighboring  or 
horizontal  band  area  18  in  the  vicinity  of  the  mirror 

io  window  17  by  t  bits  at  a  time,  an  absolute  value  c(1, 
1)  of  a  difference  between  a  pixel  signal  b(1,  1(  at  the 
left-end  top  corner  of  the  original  window  15  and  a 
corresponding  pixel  data  b(i,  j)  is  calculated  as 
follows: 

15 
Co,  1)  =  |b(1,  1)  -  b(i,  j)| 

Then,  a  similar  calculation  is  performed  for  every 
pixel  in  the  window  15,  and  absolute  values  c(i,  j> 

20  thus  obtained  for  all  the  pixels  in  the  window  15  are 
summed  up  to  provide  a  total  sum  s(0)  as  follows: 

S(0)  =  Ec(U) 

25  Subsequently,  by  displacing  the  window  17  by  t 
bits  in  the  horizontal  direction,  an  absolute  value 
c(i,  1)  of  a  difference  between  a  pixel  b(1,  1(  at  the 
left-end  top  corner  of  the  window  15  and  a  cor- 
responding  pixel  b(i,  j  .  t)  in  the  thus  displaced 

30  window  17.  Then,  a  total  sum  s(t)  of  the  differences 
c(i,   ̂ for  all  the  pixels  in  the  window  15  is  calculated 
as  follows: 

S(t)  =  EC(iij) 
35 

The  result  of  such  calculations  is  shown  in  Fig.  2C. 
If  the  image  in  the  window  15  is  symmetric  with 
respect  to  the  vertical  center  line  thereof,  the  win- 
dow  17  is  completely  superposed  on  or  has  the 

40  best  match  with  the  window  15  at  a  location  in 
which  the  window  17  is  displaced  by  a  distance 
twice  the  distance  /  between  the  vertical  center  line 
of  the  window  17  and  the  vertical  line  of  symmetry 
or  y-axis.  Thus,  an  image  comparison  value  or  total 

45  sum  S(X)  becomes  minimum  when  x  is  equal  to  21. 
If,  however,  the  image  signal  in  the  window  17  is 
not  symmetric  with  respect  to  the  vertical  center 
line  thereof  as  shown  in  Fig.  2C,  the  total  sum  sM 
becomes  minimum  at  a  location  of  the  window  17 

50  in  which  the  image  therein  is  the  most  symmetric 
with  respect  to  the  vertical  center  line  of  the  win- 
dow  17,  that  is  when  x  is  equal  to  r.  Accordingly,  a 
specific  value  xo  for  x  which  gives  a  minimum  of 
S(X)  is  first  calculated,  and  then  it  is  multiplied  by 

55  1/2  so  that  a  new  window  having  therein  the  most 
symmetric  image  with  respect  to  the  vertical  center 
line  thereof  is  set  with  its  vertical  center  line  being 
placed  at  a  location  of  xo/2. 

4 
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As  apparent  from  the  foregoing,  according  to 
the  present  invention,  even  if  a  new  window  is 
formed  at  a  location  displaced  from  the  best  posi- 
tion  by  any  external  disturbances  such  as  an  object 
having  a  strong  contrast  ratio,  the  position  of  the 
new  window  is  adjusted  to  the  correct  or  best 
position  in  which  the  image  in  the  window  is  the 
most  symmetric  with  respect  to  the  vertical  center 
line  of  the  window.  As  a  result,  the  reliability  and 
accuracy  in  following  a  moving  object  are  im- 
proved,  preventing  the  object-following  function  of 
the  apparatus  from  becoming  impossible  due  to  an 
accumulation  of  errors  produced  during  successive 
window  forming  operations. 

Although  in  the  above  embodiment,  a  single 
image  sensor  in  the  form  of  a  video  camera  is 
used,  a  pair  of  image  sensors  can  be  employed  for 
measuring  a  distance  to  a  moving  object  such  as  a 
preceding  vehicle  through  the  well-known  principle 
of  triangulation,  and  image  following  according  to 
the  present  invention  can  be  made  by  one  of  the 
image  sensors.  Thus,  the  present  invention  is  ap- 
plicable  to  an  image-processing  type  vehicle  dis- 
tance  measuring  or  warning  apparatus,  and  an 
automatic  vehicle  following  apparatus  as  well. 

Moreover,  although  in  the  above  embodiment, 
a  pair  of  first  and  second  memories  are  employed, 
one  of  them  can  be  omitted.  In  this  case,  an  image 
comparison  for  updating  a  window  can  be  made 
between  the  data  in  the  one  memory  and  those  in 
the  mirror-image  memory. 

Claims 

1.  An  image  following  apparatus  comprising: 
an  image  sensor  for  sensing  an  object  and 

generating  a  corresponding  image  signal; 
memory  means  for  storing  image  signals 

successively  generated  by  said  image  sensor 
at  predetermined  intervals; 

window  updating  means  for  making  a  com- 
parison  between  the  successive  image  signals 
in  said  memory  means  and  forming  and  updat- 
ing  a  window  on  a  display  screen; 

mirror-image  memory  means  for  storing  a 
mirror-image  signal  which  is  symmetrical  to  an 
image  signal  in  the  updated  window  formed  by 
said  window  updating  means  with  respect  to  a 
vertical  axis  of  symmetry;  and 

window  adjusting  means  for  making  a 
comparison  between  a  new  image  signal  cor- 
responding  to  the  updated  window  and  a 
mirror-image  signal  stored  in  said  mirror-image 
memory  while  successively  shifting  these  im- 
age  signals  relative  to  each  other  by  at  least 
one  bit  at  a  time,  said  adjusting  means  being 
operable  to  adjust  the  position  of  the  updated 
window  to  a  location  in  which  the  image  signal 

in  the  updated  window  is  the  most  symmetrical 
to  the  mirror-image  signal  with  respect  to  the 
vertical  axis  of  symmetry. 
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