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©  An  apparatus  (1)  of  warning  a  possible  rear-end 
collision  of  a  vehicle  having  the  apparatus  against  a 
preceding  vehicle,  including  a  computer  (2),  a  dis- 
tance  sensor  (3)  measuring  a  vehicle-to-vehicle  dis- 
tance  to  the  preceding  vehicle,  a  velocity  sensor  (4) 
measuring  the  velocity  of  the  present  vehicle.  The 
computer  (2)  computes  a  relative  velocity  of  the 
present  and  preceding  vehicles  from  a  differential  of 
the  vehicle-to-vehicle  distance  and  then  an  antici- 
pated  rear-end  collision  time  (Ta)  by  a  division  of  the 
vehicle-to-vehicle  distance  by  the  relative  velocity. 
The  computer  corrects  the  anticipated  rear-end  colli- 
sion  time  (Ta)  in  response  to  an  acceleration  on  the 
relative  velocity.  The  computer  produces  a  warning 
signal  (Ws)  on  an  alarm  (5)  in  response  to  the 
corrected  anticipated  rear-end  collision  time.  A  meth- 
od  of  warning  a  possible  rear-end  collision  is  also 
disclosed. 

F I G . 2  

r i  
JL.. .  

1 1 -  

3 ~ f 6  
3 ^ 7  > 4  

Rank  Xerox  (UK)  Business  Services 
(3.  10/3.6/3.3.  1) 



1 EP  0  550  852  A1 2 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  an  apparatus 
and  a  method  of  warning  a  rear-end  collision  of  an 
automotive  vehicle  measuring  a  distance  between 
the  present  vehicle  and  a  preceding  vehicle,  com- 
puting  the  then  state  (e.g.  a  velocity)  of  the  present 
vehicle  and  warning  when  anticipating  a  possible 
rear-end  collision  of  the  present  vehicle  against  the 
preceding  vehicle. 

2.  Background  Art 

A  block  diagram  of  an  electronic  circuit  of  a 
prior  art  rear-end  collision  warning  apparatus  is 
identical  to  FIG.1  showing  a  block  diagram  of  an 
electronic  circuit  of  a  rear-end  collision  warning 
apparatus  according  to  a  first  embodiment  of  the 
present  invention.  The  prior  art  rear-end  collision 
warning  apparatus  comprises  a  distance  sensor  92, 
a  central  processing  unit  (CPU)  comprising,  e.g.,  a 
microprocessor,  a  vehicle  velocity  sensor  93,  and  a 
display  or  alarm  94.  The  CPU  receives  distance 
signal  X  of  a  vehicle-to-vehicle  distance  between 
the  present  vehicle  and  the  preceding  vehicle  from 
the  distance  sensor  92  and  velocity  signal  Vm  of 
the  present  vehicle  from  the  vehicle  velocity  sensor 
93  and  produces  warning  signal  Ws  on  the  alarm 
94.  The  alarm  94  warns  a  possible  rear-end  colli- 
sion  to  a  driver  of  the  present  vehicle,  e.g.,  with 
voice. 

The  CPU  compares  velocity  signals  Vm  with 
distance  signals  X  and  produces  warning  signals 
Ws  when  velocity  signal  Vm  indicates  100  km/h  and 
distance  signal  X  indicates  100  m  or  lower,  when 
velocity  signal  Vm  indicates  80  km/h  and  distance 
signal  X  indicates  80  m  or  lower  and  when  the 
velocity  signal  Vm  indicates  60  km/h  and  distance 
signal  X  indicates  60  m  or  lower. 

The  prior  art  rear-end  collision  warning  appara- 
tus  measures  only  the  vehicle-to-vehicle  distance 
for  the  preceding  vehicle  but  no  state  of  the  pre- 
ceding  vehicle.  Therefore,  the  prior  art  rear-end 
collision  warning  apparatus  must  determine  a  cri- 
terion  for  producing  warning  signals  Ws  in  view  of 
the  estimated  worst  case,  e.g.,  a  case  where  the 
preceding  vehicle  is  in  a  standing  position.  It  fol- 
lows  then  that  the  prior  art  rear-end  collision  warn- 
ing  apparatus  must  produce  warning  signal  Ws  in 
response  to  a  predetermined  vehicle-to-vehicle  dis- 
tance,  e.g.,  even  if  the  preceding  vehicle  runs 
faster  than  the  present  vehicle  to  increase  the 
vehicle-to-vehicle  distance  with  time  and  no  rear- 
end  collision  of  the  present  vehicle  is  normally 
expected  to  take  place.  This  causes  a  driver  of  the 
present  vehicle  to  have  a  clear  feeling  of  physical 

disorder.  On  the  other  hand,  when  a  case,  e.g.,  a 
case  where  the  preceding  vehicle  moves  back- 
wards,  worse  than  the  estimated  worst  case  takes 
place,  the  prior  art  rear-end  collision  warning  ap- 

5  paratus  produces  warning  signal  Ws  too  late,  which 
is  insufficient  in  the  performance. 

SUMMARY  OF  THE  INVENTION 

io  An  object  of  the  present  invention  is  to  provide 
an  apparatus  and  a  method  of  warning  a  rear-end 
collision  of  an  automotive  vehicle  always  in  time.  In 
order  to  achieve  the  object,  an  apparatus  of  warn- 
ing  a  possible  rear-end  collision  of  a  vehicle  having 

75  the  apparatus  of  warning  the  possible  rear-end 
collision  against  a  preceding  vehicle  according  to  a 
first  embodiment  of  the  present  invention  com- 
prises  a  computer,  a  distance  sensor  measuring  a 
vehicle-to-vehicle  distance  between  the  present  ve- 

20  hide  and  the  preceding  vehicle  and  sending  a 
distance  signal  to  the  computer,  a  velocity  sensor 
sensing  a  velocity  of  the  present  vehicle  and  send- 
ing  a  velocity  signal  to  the  computer,  an  alarm 
receiving  a  warning  signal  from  the  computer,  the 

25  computer  computing  an  anticipated  rear-end  colli- 
sion  time  by  the  equation: 

r  X - T k x V m  

2 

,  where  Ta  sings  anticipated  rear-end  collision  time 
in  seconds,  X  signs  vehicle-to-vehicle  distance  be- 

35  tween  the  present  vehicle  and  the  preceding  ve- 
hicle  in  meters,  Tk  signs  buffer  time  in  seconds,  Vm 
signs  velocity  of  the  present  vehicle  in  m/s,  Vr 
signs  relative  velocity  in  m/s,  and  G  signs  accelera- 
tion  on  relative  velocity  Vr,  the  computer  sending 

40  the  warning  signal  to  the  alarm,  and  the  alarm 
warning  in  response  to  the  computed  anticipated 
rear-end  collision  time. 

An  apparatus  of  warning  a  possible  rear-end 
collision  of  a  vehicle  having  the  apparatus  of  warn- 

45  ing  the  possible  rear-end  collision  against  a  pre- 
ceding  vehicle  according  to  a  second  embodiment 
of  the  present  invention  comprises  a  computer,  a 
distance  sensor  measuring  a  vehicle-to-vehicle  dis- 
tance  between  the  present  vehicle  and  the  preced- 

50  ing  vehicle  and  sending  a  distance  signal  to  the 
computer,  a  velocity  sensor  sensing  a  velocity  of 
the  present  vehicle  and  sending  a  velocity  signal  to 
the  computer,  a  braking  sensor  sensing  a  state  of  a 
brake  of  the  present  vehicle  and  sending  a  braking 

55  signal  to  the  computer,  an  acceleration  sensor 
sensing  a  degree  of  opening  of  an  accelerator  of 
the  present  vehicle  and  sending  an  acceleration 
signal  to  the  computer,  an  alarm  receiving  a  warn- 
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ing  signal  from  the  computer,  the  computer  com- 
puting  an  anticipated  rear-end  collision  time  by  the 
equation: 

Tj_  
X-TkxVm 

a x T a x G ^ ^  
2 

,  where  Ta  is  anticipated  rear-end  collision  time  in 
seconds,  X  is  vehicle-to-vehicle  distance  between 
the  present  vehicle  and  the  preceding  vehicle  in 
meters,  Tk  is  buffer  time  in  seconds,  Vm  is  velocity 
of  the  present  vehicle  in  m/s,  a  is  a  state  parameter 
of  the  present  vehicle,  Vr  is  relative  velocity  in  m/s, 
and  G  is  acceleration  on  relative  velocity  Vr,  the 
computer  sending  the  warning  signal  to  the  alarm, 
the  computer  changing  the  value  of  the  parameter 
a  in  response  to  the  braking  signal  and  the  accel- 
eration  signal,  and  the  alarm  warning  in  response 
to  the  computed  anticipated  rear-end  collision  time. 

A  method  of  warning  a  possible  rear-end  colli- 
sion  comprising  the  steps  of  detecting  a  vehicle-to- 
vehicle  distance  between  a  vehicle  and  a  preced- 
ing  vehicle,  detecting  a  velocity  of  the  present 
vehicle,  computing  an  anticipated  rear-end  collision 
time  by  the  equation: 

_  _  X-TkxVm 
rn  ~F* T a x G + V r  

2 

,  where  Ta  is  anticipated  rear-end  collision  time  in 
seconds,  X  is  vehicle-to-vehicle  distance  between 
the  present  vehicle  and  the  preceding  vehicle  in 
meters,  Tk  is  buffer  time  in  seconds,  Vm  is  velocity 
of  the  present  vehicle  in  m/s,  Vr  is  relative  velocity 
in  m/s  and,  G  signs  acceleration  on  relative  velocity 
Vr,  and  warning  in  response  to  the  computed  antici- 
pated  rear-end  collision  time. 

A  method  of  warning  a  possible  rear-end  colli- 
sion  comprises  the  steps  of  detecting  a  vehicle-to- 
vehicle  distance  between  a  vehicle  and  a  preced- 
ing  vehicle,  detecting  a  velocity  of  the  present 
vehicle,  detecting  a  state  of  a  brake  of  the  present 
vehicle,  detecting  a  degree  of  opening  of  an  accel- 
erator  of  the  present  invention,  computing  an  antici- 
pated  rear-end  collision  time  by  the  equation: 

X - T k x V m  
gxTaxG  x y  

2 

,  where  Ta  is  anticipated  rear-end  collision  time  in 
seconds,  X  is  vehicle-to-vehicle  distance  between 
the  present  vehicle  and  the  preceding  vehicle  in 
meters,  Tk  is  buffer  time  in  seconds,  Vm  is  velocity 

5  of  the  present  vehicle  in  m/s,  a  is  a  state  parameter 
of  the  present  vehicle,  Vr  is  relative  velocity  in  m/s 
and,  G  signs  acceleration  on  relative  velocity  Vr, 
the  parameter  a  depending  on  the  state  of  the 
brake  and  the  degree  of  opening  of  the  accelerator, 

io  and  warning  in  response  to  the  computed  antici- 
pated  rear-end  collision  time. 

In  the  present  invention,  the  apparatus  does 
not  warn  a  rear-end  collision  when  the  preceding 
vehicle  faster  runs  than  the  present  vehicle  even  if 

is  the  vehicle-to-vehicle  distance  between  the  present 
vehicle  and  the  preceding  vehicle  has  reached  a 
predetermined  value  at  which  the  apparatus  is  to 
warn  the  rear-end  collision.  On  the  other  hand,  the 
apparatus  can  warn  a  possible  rear-end  collision 

20  long  ago  before  the  vehicle-to-vehicle  distance  has 
reached  the  predetermined  value  at  which  the  ap- 
paratus  is  to  warn  the  rear-end  collision,  when  the 
preceding  vehicle  moves  backwards.  Thus,  the  ap- 
paratus  can  always  appropriately  warn  the  possible 

25  collision  in  response  to  the  actual  relationship  be- 
tween  the  present  vehicle  and  the  preceding  ve- 
hicle. 

In  addition,  the  apparatus  can  serially  produce 
warning  signals  from  a  case  of  safety  to  a  case  of 

30  danger  in  accordance  with  degrees  of  dangerous- 
ness  so  as  to  clearly  notice  the  degrees  of  dan- 
gerousness  to  the  driver  of  the  present  vehicle. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
35 

FIG.1  is  a  block  diagram  of  an  electronic  circuit 
of  a  rear-end  collision  warning  apparatus  ac- 
cording  to  a  first  embodiment  of  the  present 
invention;  and 

40  FIG.2  is  a  block  diagram  of  an  electronic  circuit 
of  a  rear-end  collision  warning  apparatus  ac- 
cording  to  a  second  embodiment  of  the  present 
invention. 

45  DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Preferred  embodiments  of  the  present  inven- 
tion  will  be  described  with  reference  to  the  draw- 

so  ings  hereinafter.  A  block  diagram  of  an  electronic 
circuit  of  a  rear-end  collision  warning  apparatus  90 
of  FIG.1  according  to  a  first  embodiment  of  the 
present  invention  is  identical  to  that  of  the  prior  art 
rear-end  collision  warning  apparats  as  described 

55  above.  The  rear-end  collision  warning  apparatus  90 
comprises  a  distance  sensor  92,  a  central  process- 
ing  unit  (CPU)  91  comprising,  e.g.,  a  microproces- 
sor,  a  vehicle  velocity  sensor  93,  and  a  display  or 

3 
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alarm  94. 
Unlike  the  CPU  of  the  prior  art  rear-end  colli- 

sion  warning  apparatus,  the  CPU  91  computes  rela- 
tive  velocity  Vr  of  the  preceding  and  present  ve- 
hicles,  acceleration  G  due  to  a  change  of  relative 
velocity  Vr,  and  then  anticipated  rear-end  collision 
time  Ta  (i.e.  a  period  of  time  from  the  present  time 
to  an  anticipated  rear-end  collision)  from  computed 
relative  velocity  Vr.  by  the  equation  (1): 

Ta=  X - T k x V m  
T a x G  +Vz 

,  where  Ta  is  anticipated  rear-end  collision  time  in 
seconds,  X  is  vehicle-to-vehicle  distance  between 
the  present  vehicle  and  the  preceding  vehicle  in 
meters,  Tk  is  buffer  time  in  seconds,  Vm  is  velocity 
of  the  present  vehicle  in  m/s,  Vr  is  relative  velocity 
in  m/s  and,  G  signs  acceleration  on  relative  velocity 
Vr.  The  CPU  91  then  produces  warning  signal  Ws 
from  computed  anticipated  rear-end  collision  time 
Ta. 

The  computation  of  anticipated  rear-end  colli- 
sion  time  Ta  by  the  CPU  91  will  be  described 
hereinafter. 

In  principle,  anticipated  rear-end  collision  time 
Ta  equals  X/Vr.  For  example,  when  vehicle-to-ve- 
hicle  distance  X  equals  100  m  and  relative  velocity 
Vr  equals  5  m/s  (i.e.  the  present  vehicle  ap- 
proaches  a  preceding  vehicle  at  a  velocity  of  5 
m/s),  anticipated  rear-end  collision  time  Ta  equals 
20  seconds  (  =  100  m/5  m/s).  The  CPU  91  com- 
putes  relative  velocity  Vr  from  distance  signals  X  of 
the  distance  sensor  92.  For  example,  when  the 
distance  sensor  92  measures  vehicle-to-vehicle 
distance  X  every  sampling  time  Ts  of  100  seconds, 
and  the  last  measured  vehicle-to-vehicle  distance 
Xi  equals  100.5  m,  and  the  present  measured 
vehicle-to-vehicle  distance  X2  equals  100  m,  rela- 
tive  velocity  Vr  equals  5  m/s  (  =  (100.5  m  -  100  m)- 
/0.1  s). 

In  the  first  embodiment  of  the  present  inven- 
tion,  the  computation  of  anticipated  rear-end  colli- 
sion  time  Ta  employs  the  factors  of  buffer  time  Tk 
and  acceleration  G  due  to  the  change  of  relative 
velocity  Vr  in  order  to  produce  fine  anticipated  rear- 
end  collision  time  Ta. 

Buffer  time  Tk  is  defined  as  a  period  of  time 
during  which  the  driver  of  the  present  vehicle  views 
a  danger  and  then  brakes.  If  velocity  Vm  of  the 
present  vehicle  is  100  km/h  (i.e.  approximately  30 
m/s)  and  buffer  time  Tk  equals  0.5  s,  the  present 
vehicle  will  run  15  m  unbraked  until  the  driver  of 
the  present  vehicle  starts  braking.  In  the  present 
invention,  buffer  time  Tk  is  given  as  a  constant  to 

the  present  vehicle  and  velocity  Vm  of  the  present 
vehicle  times  buffer  time  Tk  produces  an  unbraked 
run  distance  of  the  present  vehicle.  The  unbraked 
run  distance  is  detracted  from  vehicle-to-vehicle 

5  distance  X  (see  the  above  equation  (1))  to  produce 
an  actual  braked  vehicle-to-vehicle  distance. 

When  the  unbraked  run  distance  is  more  than 
vehicle-to-vehicle  distance  X,  i.e.,  the  value  (X  -  Ta 
x  Vm)  is  negative,  this  means  that  the  present 

io  vehicle  have  approached  the  preceding  vehicle  so 
that  the  driver  of  the  present  vehicle  has  no  actual 
buffer  time  Tk.  The  CPU  91  immediately  produces 
warning  signal  Ws  on  the  display  94. 

Acceleration  G  matches  a  variation  of  relative 
is  velocity  Vr  due  to,  e.g.,  the  braking  of  the  present 

vehicle.  The  employment  of  acceleration  G  in  the 
equation  (1)  always  gives  accurate  anticipated  rear- 
end  collision  time  Ta  immediately  after  relative  ve- 
locity  Vr  has  changed,  to  increase  the  accuracy  of 

20  the  rear-end  collision  warning  apparatus  90.  There- 
fore,  the  CPU  91  can  produce  real  warning  signals 
Ws,  cutting  a  momentary  fluctuation  in  relative  ve- 
locity  Vr. 

Acceleration  G  is  defined  as  a  differential  of 
25  relative  velocity  Vr  and  actually  produced  by  the 

equation  (2): 

30 G= V r l - V r 2  
T s  

—   (2)  

,  wherein  Vr1  is  the  present  computed  relative 
velocity,  Vr2  is  the  last  computed  relative  velocity 

35  and  Ts  is  a  sampling  period  of  time.  When  vehicle- 
to-vehicle  distance  X  decreases,  acceleration  G  is 
positive.  On  the  other  hand,  when  vehicle-to-vehicle 
distance  X  increases,  acceleration  G  is  negative. 

Acceleration  G  times  anticipated  rear-end  colli- 
40  sion  time  Ta  gives  a  variation  of  relative  velocity  Vr 

due  to  acceleration  G  for  anticipated  rear-end  colli- 
sion  time  Ta.  The  half  of  acceleration  G  times 
anticipated  rear-end  collision  time  Ta  gives  an  aver- 
age  velocity  of  the  present  vehicle  for  anticipated 

45  rear-end  collision  time  Ta.Therefore,  an  addition  of 
the  half  of  acceleration  G  times  anticipated  rear- 
end  collision  time  Ta  to  relative  velocity  Vr  (see  the 
above  equation  (1))  causes  anticipated  rear-end 
collision  time  Ta  to  involve  the  factor  of  the  change 

50  of  relative  velocity  Vr  immediately  after  relative 
velocity  Vr  has  changed.  Thus,  the  rear-end  colli- 
sion  warning  of  the  present  invention  increases  the 
accuracy  in  the  anticipation.  Anticipated  rear-end 
collision  time  Ta  is  constant  as  long  as  acceleration 

55  G  is  constant.  The  rear-end  collision  warning  ap- 
paratus  90  can  preclude  an  unstable  condition  that 
anticipated  rear-end  collision  time  Ta  changes  ev- 
ery  time  relative  velocity  Vr  has  changed. 

4 
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In  operation,  the  apparatus  according  to  the 
first  embodiment  of  the  present  invention  first  com- 
putes  anticipated  rear-end  collision  time  Ta  by  the 
equation  (3): 

T a = - f   — ( 3 )  
Vr  

and  corrects  anticipated  rear-end  collision  time  Ta 
byacceleration  G  on  relative  velocity  Vr  to  produce 
warning  signal  Ws  corresponding  to  an  actual  rela- 
tionship  between  the  present  vehicle  and  the  pre- 
ceding  vehicle. 

Thus,  anticipated  rear-end  collision  time  Ta 
constituting  warning  signal  Ws  from  the  CPU  91 
can  provide  a  series  of  a  20-second  before  warn- 
ing,  a  19-second  before  warning,  a  18-second  be- 
fore  warning  —  so  that  the  apparatus  can  serially 
warn  by  degrees  of  danger. 

As  shown  in  FIG.2,  a  rear-end  collision  warning 
apparatus  1  according  to  a  second  embodiment  of 
the  present  invention  comprises  a  central  process- 
ing  unit  (CPU)  2,  a  distance  sensor  3  measuring  a 
vehicle-to-vehicle  distance  between  the  present  ve- 
hicle  and  the  preceding  vehicle  and  sending 
vehicle-to-vehicle  distance  signal  X  to  the  CPU  2,  a 
vehicle  velocity  sensor  4  concurrently  sending  ve- 
locity  signal  Vm  of  the  present  vehicle  to  the  CPU 
2,  a  display  or  alarm  5  receiving  warning  signal  Ws 
from  the  CPU  2  and  warning  to  a  driver  of  the 
present  vehicle,  a  braking  sensor  6  sending  braking 
signal  Bs  of  a  brake  to  the  CPU  2,  and  an  accelera- 
tion  sensor  7  sending  acceleration  signal  As  of  an 
accelerator  to  the  CPU  2. 

The  rear-end  collision  warning  apparatus  1  em- 
ploys  a  braking  and  an  acceleration  of  the  driver  of 
the  present  vehicle  as  additional  factors  for  a  fine 
computation  of  anticipated  rear-end  collision  time 
Ta.These  additional  factors  serve  to  finely  correct 
anticipated  rear-end  collision  time  Ta  according  to 
the  first  embodiment  of  the  present  invention. 

The  CPU  2  computes  relative  velocity  Vr  of  the 
present  and  preceding  vehicles,  acceleration  G, 
and  then  anticipated  rear-end  collision  time  Ta  from 
computed  relative  velocity  Vr  by  the  equation  (4): 
,  where  a  is  a  state  parameter  of  the  present 
vehicle.  The 

Ta=- 
X-TkxVm 

a x T a x G  
(4 )  

+Vr  

ing  of  an  accelerator  of  the  present  vehicle.  When 
the  braking  sensor  6  produces  no  braking  signal 
and  the  acceleration  sensor  7  produces  no  accel- 
eration  signal,  the  value  of  a  equals  1.  The  CPU  2 

5  produces  warning  signal  Ws  from  computed  antici- 
pated  rear-end  collision  time  Ta. 

The  CPU  2  produces  a  first  acceleration  G  by 
the  equation  (1)  when  a  is  1.  It  is  easily  anticipated 
that  the  present  vehicle  will  be  accelerated  at  a 

io  second  acceleration  G  greater  than  the  first  accel- 
eration  G  when  acceleration  signal  As  indicates  a 
degree  of  opening  of  an  accelerator  larger  than  a 
predetermined  value.  Thus,  the  CPU  2  computes  (a 
x  G)  by  the  equation  (4)  to  produce  anticipated 

is  rear-end  time  Ta  shorter  than  that  produced  by  the 
equation  (1),  where  a  >  1.  On  the  other  hand,  when 
the  CPU  2  has  received  braking  signal  Bs,  the  CPU 
2  selects  the  parameter  a  to  be  a  corresponding 
value  and  computes  (a  x  G)  by  the  equation  (4)  to 

20  produce  anticipated  rear-end  time  Ta  longer  than 
that  produced  by  the  equation  (1),  where  a  <  1. 

The  present  invention  is  not  rigidly  restricted  to 
the  embodiments  described  above.  It  is  to  be  un- 
derstood  that  a  person  skilled  in  the  art  can  easily 

25  change  and  modify  the  present  invention  without 
departing  from  the  spirit  of  the  invention  defined  in 
the  appended  claims. 

30 

50 

55 

Claims 

1.  An  apparatus  (90)  of  warning  a  possible  rear- 
end  collision  of  a  vehicle  having  the  apparatus 
of  warning  the  possible  rear-end  collision 
against  a  preceding  vehicle,  comprising: 

35  a  computer  (91); 
a  distance  sensor  (92)  measuring  a 

vehicle-to-vehicle  distance  (X)  between  the 
present  vehicle  and  the  preceding  vehicle  and 
sending  a  distance  signal  to  said  computer; 

40  a  velocity  sensor  (93)  sensing  a  velocity  of 
the  present  vehicle  and  sending  a  velocity 
signal  to  said  computer; 

an  alarm  (94)  receiving  a  warning  signal 
(Ws)  from  said  computer; 

45  said  computer  computing  an  anticipated 
rear-end  collision  time  by  the  equation: 

value  of  the  parameter  a  depends  on  a  state  of  a 
brake  of  the  present  vehicle  and  a  degree  of  open- 

T a _ X - T k x V m  
T a x G + V r  

2 

,  where  Ta  is  anticipated  rear-end  collision  time 
in  seconds,  X  is  vehicle-to-vehicle  distance 
between  the  present  vehicle  and  the  preceding 
vehicle  in  meters,  Tk  is  buffer  time  in  seconds, 
Vm  is  velocity  of  the  present  vehicle  in  m/s,  Vr 

5 
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is  relative  velocity  in  m/s,  and  G  is  acceleration 
on  relative  velocity  Vr,said  computer  sending 
the  warning  signal  (Ws)  to  said  alarm  (94);  and 

said  alaram  (94)  warning  in  response  to 
the  computed  anticipated  rear-end  collision  5 
time. 

2.  An  apparatus  (1)  of  warning  a  possible  rear- 
end  collision  of  a  vehicle  having  the  apparatus 
of  warning  the  possible  rear-end  collision  10 
against  a  preceding  vehicle,  comprising: 

a  computer  (2); 
a  distance  sensor  (3)  measuring  a  vehicle- 

to-vehicle  distance  between  the  present  ve- 
hicle  and  the  preceding  vehicle  and  sending  a  is 
distance  signal  (X)  to  said  computer  (2); 

a  velocity  sensor  (4)  sensing  a  velocity  of 
the  present  vehicle  and  sending  a  velocity 
signal  (Vm)  to  said  computer  (2); 

a  braking  sensor  (6)  sensing  a  state  of  a  20 
brake  of  the  present  vehicle  and  sending  a 
braking  signal  (Bs)  to  said  computer  (2); 

an  acceleration  sensor  (7)  sensing  a  de- 
gree  of  opening  of  an  accelerator  of  the 
present  vehicle  and  sending  an  acceleration  25 
signal  (As)  to  said  computer  (2); 

an  alarm  (5)  receiving  a  warning  signal 
(Ws)  from  said  computer  (2); 

said  computer  (2)  computing  an  anticipat- 
ed  rear-end  collision  time  by  the  equation:  30 

T a - X - T k x V m  
a x T a x G + v r   35 

2 

,  where  Ta  is  anticipated  rear-end  collision  time 
in  seconds,  X  is  vehicle-to-vehicle  distance  40 
between  the  present  vehicle  and  the  preceding 
vehicle  in  meters,  Tk  is  buffer  time  in  seconds, 
Vm  is  velocity  of  the  present  vehicle  in  m/s,  a 
is  a  state  parameter  of  the  present  vehicle,  Vr 
is  relative  velocity  in  m/s,  and  G  is  acceleration  45 
on  relative  velocity  Vr,  said  computer  (2)  send- 
ing  the  warning  signal  (Ws)  to  said  alarm  (5), 
said  computer  changing  the  value  of  the  pa- 
rameter  a  in  response  to  the  braking  signal 
(Bs)  and  the  acceleration  signal;  and  so 

said  alarm  (5)  warning  in  response  to  the 
computed  anticipated  rear-end  collision  time. 

3.  A  method  of  warning  a  possible  rear-end  colli- 
sion  comprising  the  steps  of:  55 

detecting  a  vehicle-to-vehicle  distance  be- 
tween  a  vehicle  and  a  preceding  vehicle; 

detecting  a  velocity  (Vm)  of  the  present 

vehicle; 
computing  an  anticipated  rear-end  collision 

time  by  the  equation: 

T a - X - T k x V m  
T a x G + v r  

2 

,  where  Ta  is  anticipated  rear-end  collision  time 
in  seconds,  X  is  vehicle-to-vehicle  distance 
between  the  present  vehicle  and  the  preceding 
vehicle  in  meters,  Tk  is  buffer  time  in  seconds, 
Vm  is  velocity  of  the  present  vehicle  in  m/s,  Vr 
is  relative  velocity  in  m/s  and,  G  is  acceleration 
on  relative  velocity  Vr;and 

warning  in  response  to  the  computed  an- 
ticipated  rear-end  collision  time  (Ta). 

4.  A  method  of  warning  a  possible  rear-end  colli- 
sion  comprising  the  steps  of: 

detecting  a  vehicle-to-vehicle  distance  be- 
tween  a  vehicle  and  a  preceding  vehicle; 

detecting  a  velocity  of  the  present  vehicle 
(Vm); 

detecting  a  state  of  a  brake  of  the  present 
vehicle; 

detecting  a  degree  of  opening  of  an  accel- 
erator  of  the  present  invention; 

computing  an  anticipated  rear-end  collision 
time  by  the  equation: 

T a _ X - T k x V m  
a x T a x G + V r  

2 

,  where  Ta  is  anticipated  rear-end  collision  time 
in  seconds,  X  is  vehicle-to-vehicle  distance 
between  the  present  vehicle  and  the  preceding 
vehicle  in  meters,  Tk  is  buffer  time  in  seconds, 
Vm  is  velocity  of  the  present  vehicle  in  m/s,  a 
is  a  state  parameter  of  the  present  vehicle,  Vr 
is  relative  velocity  in  m/s  and,  G  is  acceleration 
on  relative  velocity  Vr,  the  value  of  said  param- 
eter  a  depending  on  the  state  of  the  brake  and 
the  degree  of  opening  of  the  accelerator;  and 

warning  in  response  to  the  computed  an- 
ticipated  rear-end  collision  time  (Ta). 
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