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PATENT SPECIFICATION

(11)

(21) Application No.28810/77 (22) Filed 8 Jul. 1977
(31) Convention Application No.51/089982 (32) Filed 28 Jul. 1976 in
(33) Japan(JP)
(44) Complete Specification Published 1 Apr. 1981
(51) INT.CL.>  GO1S 13/93 "
(52) Indexat Acceptance
- H4D 260 354 356
(54) AVEHICLE COLLISION PREVENTING APPARATUS
(71) We, NISSAN MOTOR COM-

. PANY, LIMITED, a Japanese Company, of

No.2. Takara-cho, Kanagawa-ku,
Yokohama-shi, Kanagawa-ken, Japan, and
MITSUBISHI DENKI KABUSHIKI
KAISHA, a Japanese Company, of 2-3
Marunouchi 2-chome, Chiyoda-ku, Tokyo,
Japan, do hereby declare the invention, for
which we pray that a patent may be granted
to us, and the method by which it is to be
performed, to be particularly described in
and by the following statement:-

The present invention relates to a vehicle
collision preventing apparatus using a radar.
A conventional radar anticollision apparatus
is illustrated schematically in Figure 1 of the
accompanying drawings.

Referring to Figure 1, the reference num-
eral 1 designates a radar for detecting the
distance between an obstacle and the vehicle
in which the apparatus is installed and the
relative velocity; 2 designates a_ danger
determining circuit which determines the
danger from the data of the radar 1. For
example circuit 2 compares V? (V: relative
ve]ocrty) and 2 aR (a: constant and R: rela-
tive distance). When V?>2aR, a danger
signal output is generated. The reference
numeral 3 designates a brake or an alarm
device actuated by the danger signal output
of the danger determining circuit 2.

In the conventional apparatus, the signal

reflected from the obstacle varies substan-

tially depending upon the relative position
between the obstacle and the radar 1. When
the reflection signal reduces below a certain
level the radar is not effective for the detec-
tion of an obstacle. The data from the radar.1
is not available whereby the danger could not
be determined and the danger signal output
is not given even though an obstacle is
dangerously close or fast approaching.

An object of the invention is to provide an
improved vehicle collision preventing
apparatus.

Accordrng to one aspect of the invention
there is provided a vehicle collision prevent-

ing apparatus comprising a radar system for '

detecting the distance to an obstacle and the
relative velocity, the radar system including a
danger determining circuit responsive to
radar data, and the apparatus further includ-
ing an estimate arithmetic circuit which acts
upon the radar data and which is effective to
give an estimate of the distance to the obsta-
cle and the relative velocity following disap-
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pearance of radar data to allow the danger to .

be determined.
According to another aspect of the inven-
tion there is provided a vehicle collision pre-

venting apparatus which comprises-a radar

for detecting data of a distance to an obstacle
and a relative velocity; a data detecting
device for detecting the data of the radar; a
memory device for memorizing the data of
the radar; a command device for controlling
the read-in of the data of the memory device
depending upon the output of the data
detecting device;

an obstacle disappearing time-generating
device for generating a signal depending
upon the time passed from disappearance of
the data of the radar;

an estimate arithmetic device for estrmat—
ing the place of the obstacle at the present
from the output of the obstacle disappearing
time-generating device and the output of the
memory device;

a switching device for selecting either the
data of the radar or the data of the estimate
arithmetic device depending upon the detec-
tion of the data of the radar; and a danger
determining’ circuit for determining the
danger from the output of the switching
device.

The invention will further be described
with reference to Figures 2 to 4 of the
accompanying drawings, of which:-

Figure 2 is a block diagram of one embod-
iment of the apparatus of the present inven-
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tion;

Figure 3 is a circuit diagram of one embod-
iment of the apparatus of the present inven-
tion; and

Figure 4 is a time chart of transmissions,
signal receipts and trigger signals.

A preferred embodiment of the vehicle
collision preventing apparatus of the present
invention will be described in detail by refer-
ring to Figure 2, wherein like reference num-
erals designate identical or corresponding
parts to those of Figure 1.

The reference numeral 4 designates a
memory circuit for memorizing the data of
the distance from the radar 1 to the obstacle
and the relative velocity; 5 designates an
estimate arithmetic circuit for estimating the
place of the obstacle by operating on the data
of the memory circuit 4 and a “disappearing’
time to be described. A switching circuit 6
gives outputs of either the data of the radar 1
or the data of the estimate arithmetic circuit
to the danger determining circuit (2). A
command circuit 7 instructs read-in, rewrite
or erase for the data of the memory circuit 4.
A data detecting circuit 8 detects the data
from the radar 1. An obstacle disappearing
time-generating circuit 9 generates a signal
proportional to the time elapsed from the
disappearance of the radar data. A driving
distance-determining circuit 10 operates on
the difference between the estimated dis-
tance and the obstacle-disappeared distance
to determine whether the difference is more
than a predetermined distance.

If the radar can operate normally radar
data concerning the distance from the radar
to the obstacle and the relative velocity are
given. The operation is the same as that of
the conventional apparatus.

The output of the radar 1 is fed through the
switching circuit 6 to the danger detcrmining
circuit 2 wherein the danger of the obstacle is
determined from the distance to the obstacle
and the relative velocity. When a dangerous
situation arises a danger signal is given to
actuate the brake or the alarm device 3.

If the radar signal weakens appreciably or
is lost, another mode of operation is automat-
ically brought into effect. Presence of the
data of the radar 1 is detected by the data
detecting circuit 8. When the data is not pre-
sent a signal indicating disappearance of the
data is fed to the command circuit 7. When a
signal indicating receipt of radar data is
received by the command circuit 7, a read-in
command is fed to the memory circuit. When
the data disappears, the read-in command is
not fed to the memory whereby the memory
memorizes the distance and the relative vel-
ocity just before the time of ““disappearance”
of the obstacle. The disappearance signal is
fed to the obstacle disappearing time-
generating circuit 9 wherein a time signal
proportional to the disappcaring time is gen-

erated and fed to the estimate arithmetic cir-
cuit 5. The signal is also fed to the switching
circuit 6 which switches the signal so as to
feed the output of the estimate arithmetic
circuit 5 to the danger determining circuit 2.

The data of the distance R before disap-
pearance of the obstacle and the relative vel-
ocity V are given from the memory circuit 4
to the estimate arithmetic circuit 5. The data
of the obstacle disappearing time At is given
from the obstacle disappearing time-
generating circuit 9 to the estimate arithme-
tic circuit 5 whereby the.estimated distance
to the obstacle Rs (Rs = R — V X At) is
calculated.

The data of the estimated distance Rs and
the relative velocity V are fed through the
switching circuit 6 to the danger determining
circuit 2 wherein the danger of the obstacle is
determined. When there is danger, the signal
for danger is fed to actuate the brake or the
alarm device 3.

The data of the estimated distance Rs is
given from the estimate arithmetic circuit 5
to the driving distance-determining circuit 10
and the data of the distance R before the time
of disappearance of the obstacle is given
from the memory circuit 4 to the driving
distance-determining circuit 10 wherein the
subtraction of the data is made. When the
difference is more than a predetermined
value, the signal is fed to the command circuit
7 to erase the data in the memory circuit 4.

As described above, even though the data
from the radar 1 has disappeared, the dis-
tance to the obstacle is estimated by operat-
ing on the data just before disappearance.
The relative velocity is also estimated from
the data just before disappearance. For a
short time after the disappearance of the obs-
tacle the function of the vehicle collision pre-
venting apparatus is effectively maintained.

If the obstacle completely disappears, the
danger determining function is released by
the driving distance-determining circuit 10
when the estimated driving distance after the
time of disappearance of the obstacle reaches
a predetermined distance.

In the described embodiment, the data of
the distance and the relative velocity just
before the time of disappearance of the obs-
tacle are used for estimating the distance and
the relative velocity of the obstacle. How-
ever, if there is acceleration of the obstacle
the estimates are not precisely accurate.

In order to reduce this error, more data of
distances and relative velocities in the past
are read into the memory circuit 4 and the
acceleration is calculated by using the data in
the estimate arithmetic circuit S whereby the
distance and the relative velocity at the pres-
ent can be estimated more accurately.

Referring to Figure 3 and Figure 4, the
operation of the vehicle collision preventing
apparatus will be further described.
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The digital data of the distance to the obs-
tacle R and the relative velocity V are given
from the radar 1 at the times T,. For exam-
ple, when the maximum measurable distance
1s 150 m, the digital data is given in 8 bitsas 1
m per bit. When the maximum measurable
relative velocity is 100 Km/h., the digital
data is given in 7 bits as 1Km/hr. per bit.
When no obstacle is detected, the data of the
distance R and' the relative velocity are
respectively zero.

The data given by the radar 1 isfed into the
data detecting circuit 8 to detect presence or
absence of the data. The data detecting cir-
cuit 8 is an OR circuit to which the data of the
distance R and the relative velocity are
applied. When both the distance R and the
relative velocity V are zero (no data), the
signal L is given. When R and/or V are not
zero (certain data is present), the signal H is
given. (H:Hlevel of IC and L: L level of IC).

The command circuit 7 comprises AND
circuits. When the data is given, T, trigger is
fed as a read-in command to the memory
circuit 4 by the signal H of the data detecting
circuit 8, whereby new data of the distance R
and the relative velocity V are read in. When
the data is not given, the signal L is applied
from the data detecting circuit 8 and the T»
trigger is not fed to the memory circuit 4,
whereby the data of the distance R and the
relative velocity V just before disappearance
of the obstacle remain in the memory circuit
4,
~ The signal L for no data is fed to the obsta-
cle disappearance time-generating circuit 9
which comprises a GATE circuit and a
COUNTER circuit. When the signal L is
received, the GATE circuit is opened to
count the T trigger in the COUNTER cir-
cuit. The output n of the COUNTER circuit
is proportional to the disappearing time At
as shown by the equation

At=nxTr

wherein n: counts of the COUNTER cir-
cuit; Tr: radar transmission repeating
period; t: disappearing time.

The signal L is fed to the switching circuit 6
which switches to feed the output of the esti-
mate arithmetic circuit 5 to the danger
determining circuit 2. Circuit 2 receives the
data of the distance R and the relative veloc-
ity V just before disappearance of the obsta-
cle (referred to as Ro. Vo) from the memory
circuit 4 and receives the counter output
signal n from the obstacle disappearance
time-generating circuit.

The estimate arithmetic circuit 5 com-
prises a multiplier and a subtractor to oper-
ate the calculation of the following equation

(estimated distance operation)

Rs = Ro = VoxnxTr

wherein Rs: estimated distance ; Ro, Vo, n
and Tr are described above.

The data of Rs and Vo are passed through

the switching circuit into the danger deter-
mining circuit 2 to determin the danger.
. The driving distance-determining circuit
10 comprises a subtractor and a comparator.
The subtractor is used for the calculation
Ro-Rs = Rm. The comparator is used for
comparing Rm with Reonst.. In the case of Rm>
Reonst., the output (H level) of the comparator
isfed to the command circuit 7 and T, trigger
isfed as a clear trigger signal into the memory
circuit 4 to erase the data in the memory
circuit 4. The trigger circuit 11 generates var-
ious trigger signals.

WHAT WE CLAIMIS:- ‘

1. A vehicle collision preventing
apparatus comprising a' radar system for
detecting the distance to an obstacle and the
relative velocity, the radar system including a
danger determining circuit responsive to
radar data, and the apparatus further includ-
ing an estimate arithmetic circuit which acts
upon the radar data and which is effective to
give an estimate of the distance to the obsta-
cle and the relative velocity following disap-
pearance of radar data to allow the danger to
be determined.

2. A vehicle collision preventing
apparatus according to Claim 1 wherein
when data is available from the radar the
data is fed to the danger determining circuit
and when data is not available from the
radar, the output of the estimate arithmetic
circuit is fed to the danger determining cir-
cuit.

3. A vehicle collision preventing
apparatus according to Claim 1 or Claim 2
wherein when data is available from the
radar the data is memorized in a memory
circuit and when data is not available from
the radar the distance to the obstacle and the
relative velocity are estimated in the estimate
arithmetic circuit from the data of the mem-
ory circuit and from the time the radar data
disappeared.

4. A vehicle collision preventing
apparatus which comprises a radar for
detecting data of a distance to an obstacle
and arelative velocity;

a data detecting device for detecting the
data of the radar;

a memory device for memorizing the data
of the radar;

a command device for controlling the
read-in of the data of the memory device
depending upon the output of the data
detecting device;

an obstacle disappearing time-generating
device for generating a signal depending
upon the time passed from disappearance of
the data of the radar;

an estimate arithmetic device for estimat-
ing the place of the obstacle at the present
from the output of the obstacle disappearing
time-generating device and the output of the
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memory device;

a switching device for selecting either the
data of the radar or the data of the estimate
arithmetic device depending upon the detec-

5 tion of the data of the radar; and

a danger determining circuit for determin-
ing the danger from the output of the switch-
ing device.

5. A vehicle collision preventing

10 apparatus substantially as hereinbefore
described with reference to Figure 2 to 4 of
the accompanying drawings.

For the Applicants:
15 STEVENS, HEWLETT & PERKINS,
Chartered Patent Agents,
5, Quality Court,
Chancery Lane,
London W.C.2.

Printed for Her Majesty's Stationery Office,
by Croydon Printing Company Limited, Croydon. Surrey, 1981.
Published by The Patent Office, 25 Southampton Buildings,
London, WC2A 1AY, from which copics may be obtained.
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