
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
46

4 
54

0
A

1
*EP001464540A1*
(11) EP 1 464 540 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
06.10.2004 Bulletin 2004/41

(21) Application number: 04004522.1

(22) Date of filing: 27.02.2004

(51) Int Cl.7: B60R 1/00, H04N 7/18,
G08G 1/00, B60R 11/04

(84) Designated Contracting States:
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR
HU IE IT LI LU MC NL PT RO SE SI SK TR
Designated Extension States:
AL LT LV MK

(30) Priority: 31.03.2003 JP 2003094099

(71) Applicants:
• Mazda Motor Corporation

Aki-gun, Hiroshima (JP)
• Sharp Corporation

Osaka (JP)

(72) Inventors:
• Kanada, Norifumi

Aki-gun Hiroshima (JP)

• Harada, Tsukasa
Aki-gun Hiroshima (JP)

• Hirozawa, Manabu
Aki-gun Hiroshima (JP)

• Shobun, Hiroshi
Aki-gun Hiroshima (JP)

• Kumata, Kiyoshi
Tenri-shi Nara (JP)

(74) Representative: Laufhütte, Dieter, Dr.-Ing. et al
Lorenz-Seidler-Gossel
Widenmayerstrasse 23
80538 München (DE)

(54) Monitoring system for vehicle

(57) An all-directional monitoring camera (10)
mounted, straight or with inclination forward and/or lat-
erally outward with respect to vertical direction, on a
bumper (1) on a side remote from a steering wheel (2)
comprises a reflecting mirror (13) and a camera (14) op-
erative to image a peripheral scene reflected by the re-
flecting mirror (13) that are enclosed within a casing (11)
having a transparent wall (12) surrounding entirely the
reflecting mirror (13). The monitoring camera (10) is
movable between a working position where the reflect-

ing mirror (13) is positioned right above an outermost
end (1a) of the bumper (1) so as to include an outermost
end profile of the bumper in a field of view and a hidden
position where the monitoring camera (10) stays in hid-
ing in the vehicle body. An image formed by the moni-
toring camera (10) displayed on a monitor display (20)
includes a break line (Lz) representing the outermost
end profile of the bumper (1).
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Description

[0001] The present invention relates to a monitoring
system for a vehicle.
[0002] It is very important from the viewpoint of safe
driving to enable a vehicle driver to visually identify or
figure out a situation of a peripheral-area of the vehicle,
in particular surroundings of the vehicle that are apt to
be out of the sweep of the driver's eye. On this account,
it has been proposed to equip a vehicle with an all-di-
rectional camera capable of providing an image of a pe-
ripheral-scene of the vehicle and displaying the image
on a display installed in the vehicle. All-directional cam-
eras are generally composed of a convex reflecting mir-
ror for reflecting an external scene and an image pick-
up device such as a charge coupled device (CCD) for
acquiring an image of the external scene reflected by
the convex reflecting mirror to display the image on a
monitor display. Such an all-directional camera is capa-
ble of picking up an image of a wide-ranging surround-
ings of the vehicle.
[0003] However, according to the conventional all-di-
rectional camera, a picked up image of a peripheral-
scene of a vehicle is remarkably distorted and, in con-
sequence, is hardly recognizable for the driver. One of
approaches to solving this problem that is known from,
for example, Japanese Unexamined Patent Publication
No. 2000-118298 is to convert an all-directional image
into an image projected on a virtual cylinder and to dis-
play the converted image on a monitor display.
[0004] Another approach is, as disclosed in, for ex-
ample, Japanese Unexamined Patent Publication No.
2000-118298, to provide a vehicle with front and rear
all-directional cameras to acquire images of front and
rear peripheral-scenes of the vehicle, respectively, that
are selectively displayed on a monitor display automat-
ically according to running range positions of a trans-
mission of the vehicle. More specifically, when the trans-
mission is put in a forward range position, an image ac-
quired by the front all-directional camera is displayed on
the monitor display and, on the other hand, when the
transmission is put in a reverse position, an image ac-
quired by the rear all-directional camera is displayed on
the monitor display.
[0005] Incidentally, there is a strong demand for ad-
aptation of an all-directional camera to picking up an im-
age of surroundings of the vehicle, in particular a periph-
eral-road surface and its vicinity close to the vehicle.
That is, when putting a car in a garage or parallel parking
a car, it is necessary to pull over the car to curbs or ob-
stacles as close as possible. In order to display an image
of such a curb or an obstacle close to the vehicle to
guess a clearance on the monitor display by the eye,
the all-directional camera has come to be used for pick-
ing up an image of a peripheral-ground surface of the
vehicle.
[0006] However, as was previously described, be-
cause a picked up image of an obstacle is remarkably

distorted, it is inevitable that the image displayed on the
monitor display is significantly different from a direct look
of the obstacle even though the image is modified
through image processing. Therefore, it is hard for the
driver to figure out a relative position of the own vehicle
to an obstacle, e.g. how far and in which direction the
obstacle is, on a mere sight of the displayed image.
[0007] It is therefore an object of the present invention
to provide a monitoring system for a vehicle that displays
an image of a peripheral-scene acquired by an all-direc-
tional image pickup device that enables a viewer such
as a driver to figure out a relative position of the vehicle
to an obstacle in the peripheral-area.
[0008] The above object is accomplished by a moni-
toring system for monitoring a situation surrounding a
vehicle that is composed of all-directional image pick-
up means mounted on a vehicle body for picking up an
image of a peripheral-scene close to a vehicle body and
display means disposed inside the vehicle body for dis-
playing the image picked up by the image pick-up
means.
[0009] According to an aspect of the present inven-
tion, the all-directional image pick-up means comprises
a reflecting mirror having a reflective surface that is
made at least partly convex to reflect the peripheral-
scene including a break line defined by a profile of an
outermost part of the vehicle body and an imaging de-
vice facing the reflective surface of the reflecting mirror
so as to pick up an image of the peripheral-scene re-
flected by the reflecting mirror.
[0010] According to another aspect of the present in-
vention, the all-directional image pick-up means com-
prises a reflecting mirror having a reflective surface that
is made at least partly convex to reflect the peripheral-
scene including a break line defined by a profile of an
outermost part of the vehicle body and an imaging de-
vice facing the reflective surface so as to pick up an im-
age of the peripheral-scene reflected by the reflecting
mirror, and the monitoring system displays the image of
the peripheral-scene together with the break line on the
display means.
[0011] According to a further aspect of the present in-
vention, the all-directional image pick-up means com-
prises a reflecting mirror having a reflective surface that
is made at least partly convex to reflect the peripheral-
scene including a break line defined by a profile of an
outermost part of the vehicle body and an imaging de-
vice facing the reflective surface of the reflecting mirror
so as to pick up an image of the peripheral-scene, and
the monitoring system displays the image of the periph-
eral-scene together with the break line on the display
means.
[0012] As a consequence, in accordance with the
monitoring system of the present invention with employ-
ment of the above-described structure, the driver is en-
abled to easily figure out a relative position of the vehicle
to obstacles, e.g. how far and in which direction the ob-
stacles are, on the basis of the break line displayed on
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the display means.
[0013] It is preferred that, while the reflecting mirror is
positioned with the partly convex reflective surface di-
rected downward and the imaging device is disposed
approximately right below the reflecting mirror, an opti-
cal axis of the partly convex reflective surface is inclined
toward an outside of the vehicle body from bottom to
top. More specifically, the optical axis of the partly con-
vex reflective surface is inclined forward and/or laterally
outward from bottom to top with respect to a vertical di-
rection of the vehicle body.
[0014] With the inclined configuration, the all-direc-
tional image pick-up means can acquire a peripheral-
ground surface closer to the vehicle than an all-direc-
tional image pick-up means having an optical axis ex-
tending vertically straight. Furthermore, it is expected
that the all-directional image pick-up means with the op-
tical axis inclined from bottom to top prevents a part fall-
ing downward through which light rays from a peripher-
al-scene incident toward the reflecting mirror from get-
ting smeared from raindrops during rainfall, and hence
makes it unnecessary to sweep the part clear of rain-
drops. In particular, When taking into account the situa-
tion that the monitoring system is used on low-speed
driving where it is generally unexpected in effect that
raindrops on the part falling downward of the all-direc-
tional image pick-up means is blown away by head-on
wind.
[0015] It is preferably that the all-directional image
pick-up means is mounted on a bumper of the vehicle
body, and hence the break line is defined by an outer-
most profile of the bumper. This enables the driver to
figure out a relative position, distance and direction, of
an obstacle based on the break line representing the
bumper.
[0016] In the case of a right-hand drive vehicle, it is
preferred to mount the all-directional image pick-up
means on the bumper at a leftmost end so that the op-
tical axis of the partly convex reflective surface is in-
clined forward and/or laterally outward from bottom to
top with respect to a vertical direction of the vehicle body
so as thereby to define the break line by an leftmost end
profile of the bumper. This configuration enables the
driver of the right-hand drive vehicle to keep track of a
peripheral-scene ahead of the own vehicle on the left
that is a blind comer or is apt to be out of the driver's
line of vision.
[0017] Similarly, in the case of a left-hand drive vehi-
cle, it is preferred to mount the all-directional image pick-
up means on the bumper at a rightmost end so that the
optical axis of the partly convex reflective surface is in-
clined forward and/or laterally outward from bottom to
top with respect to a vertical direction of the vehicle body
so as thereby to defme the break line by a rightmost end
profile of the bumper. This configuration enables the
driver of the left-hand drive vehicle to keep track of a
peripheral-scene ahead of the own vehicle on the right
that is a blind corner or is apt to be out of the driver's

line of vision.
[0018] It is preferred that the image pick-up means is
enclosed within a casing in which the reflecting mirror
and the imaging device are fixedly held and which is
movable between a working position in which the image
pick-up means is exposed out of the vehicle body and
a hidden position in which the image pick-up means
stays in hiding in the vehicle body. With this configura-
tion, when it is unwanted to display an image of a pe-
ripheral-scene of the vehicle, the image pick-up means
is hidden within the vehicle body such as a bumper, and
hence does not bulge out of the vehicle body, in the hid-
den position with the consequence that the image pick-
up means, on one hand, contributes to reducing running
resistance and, on the other hand, measures up to
tamper safing purpose.
[0019] It is preferred that the partly convex reflective
surface is positioned below the outermost end of the ve-
hicle body in vertical direction. More preferably, the all-
directional image pick-up means is mounted on the
bumper at a rightmost end of the vehicle body in the
case of the left-hand drive vehicle or at a leftmost end
of the vehicle body in the case of the right-hand drive
vehicle and the optical axis of the partly convex reflec-
tive surface is inclined forward and laterally outward
from bottom to top so as thereby to define the break line
by the outermost end profile of the vehicle body. With
this configuration, the all-directional image pick-up
means reliably picks up the outermost end of the vehicle
body right below the reflecting mirror within a field of
view thereof with the consequence that an image dis-
played on the monitor display inevitably contains an out-
ermost end profile of the vehicle body together with the
peripheral-scene in the close vicinity to the vehicle body.
[0020] According to the monitoring system using an
all-directional image pick-up means enables the driver
to figure out a situation in a wide area of the vehicle body,
in particular surroundings on a peripheral-ground area
close to the vehicle body. Further, the monitoring system
that displays an image containing a break line repre-
sentative of a marginal part of the vehicle body enables
the driver to easily figure out a relative position of the
vehicle to obstacles on the basis of the break line on the
monitor display.
[0021] The above and other objects and features of
the present invention will be understood from the follow-
ing description of a specific embodiment thereof when
considering in conjunction with the accompanying draw-
ings, wherein the same reference numerals denote
same or similar parts throughout the drawings, and in
which:

Figures 1 is a perspective view of a vehicle
equipped with a monitoring system according to a
preferred embodiment of the present invention;
Figures 2 is a sectional side view of an all directional
camera;
Figures 3 is a schematic plane view of a vehicle
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equipped with the all-directional camera inclined
forward and laterally outward with respect to a ver-
tical direction;
Figures 4 is a schematic front view of a peripheral
part of the all-directional camera;
Figures 5 is a side view showing the all-directional
camera, partly in sectional, in a working position
and its associated vehicle body in details;
Figures 6 is a sectional side view of the all-direc-
tional camera in a hidden position and its associat-
ed vehicle body in details;
Figure 7 is a block diagram illustrating a control sys-
tem of the monitoring system;
Figure 8 is a schematic plane view showing obsta-
cles existing in close vicinity to the vehicle body;
Figure 9 is an explanatory view of a monitor display
on which an image of a vicinity of the vehicle body
shown in Figure 8 is displayed;
Figures 10 is a schematic plane view of a vehicle
equipped with an all-directional camera inclined lat-
erally outward with respect to a vertical direction;
Figures 11 is a schematic plane view of a vehicle
equipped with an all-directional camera inclined for-
ward with respect to a vertical direction; and
Figures 12(A) and (B) are explanatory views show-
ing a triangulation range finding method of finding
a distance of an obstacle from the vehicle body.

[0022] Referring to the drawings in detail, and, in par-
ticular, to Figure 1 showing a vehicle body V, more spe-
cifically a right-hand drive vehicle, equipped with a
steering wheel 2 on the driver's side. The vehicle body
V is provided a front bumper 1 and an all-directional
monitoring system that comprises an all-directional
monitoring camera (which is hereafter referred to as a
monitoring camera for simplicity) 10 and a driving mech-
anism 30 which are installed to the bumper 1 at one of
opposite ends remote from the driver's side, i.e. at the
left end. The monitoring camera 10 is movable between
a working position in which the monitoring camera 10 is
exposed out of the vehicle body V and a hidden position
in which the monitoring camera 10 stays in hiding in the
bumper 1 as will be described later.
[0023] Referring to Figure 2 showing the monitoring
camera 10 by way of example, the monitoring camera
10 comprises a camera 14 and a convex reflecting mir-
ror 13 put in a cylindrical casing 11 formed at least partly
by a transparent wall member 12. The convex reflecting
mirror 13 has a convex surface of rotation formed by
rotating a predetermined convex curved line about an
axis of rotation in alignment with an optical axis of the
camera 14. The convex curved line may be a circular
curve, a hyperbolic curve, a parabola or the like. The
convex reflecting mirror 13 is placed with the bottom up
so as to reflect light rays incident thereupon through the
transparent wall member 12 toward the camera 14. The
camera 14 comprises an objective lens system (not
shown) placed opposite to the convex reflecting mirror

13 and a solid state image sensing device such as CCD
or CMOS. The solid state image sensing device con-
verts an optical image of a peripheral-scene (shaded
and indicated by a symbol Z in Figure 1) formed on the
solid state image sensing device by the objective lens
system into electric signals. Since the convex reflecting
mirror 13 is convex over the entire reflective surface, the
monitoring camera 10 can sweep a surrounding area in
all direction or with a 360-degree field of view, more spe-
cifically a surrounding area except the vehicle with ap-
proximately 270-degree field of view. Although all-direc-
tional cameras generally refers to pantoscopic cameras
having a field of view greater than 180 degrees, howev-
er, the all-directional camera used as the monitoring de-
vice of this invention is not always exclusive to those.
[0024] As shown in Figures 3 to 5, the monitoring
camera 10 is designed to have an axis of vision Ox (see
Figure 2) inclined forward and laterally outside from bot-
tom to top with respect to a vertical direction of the ve-
hicle body V. According to this configuration, the moni-
toring camera 10 tilts with the transparent wall member
12 of the casing 11 oriented toward a ground area at a
short distance to the vehicle body V so as to align the
field of view on the ground area Z2, except a local
ground area Z3 in the shadow of the vehicle body V, as
clearly shown in Figure 5. More specifically, the convex
reflecting mirror 13 is designed and positioned to have
a field of view Z including a break line Lz provided by an
outermost, i.e. rightmost, local surface of the vehicle
body V such as a rightmost local surface 1a of the bump-
er 1 in this embodiment when the monitoring camera 10
is in the working position. As apparent, light rays from
the local ground area Z3 define by the break line Lz are
blocked out by the rightmost edge 1a of the bumper 1.
In other words, an image provided by the monitoring
camera 10 is a combination of an image of the ground
area Z2 and an image of the rightmost edge 1a of the
front bumper 1 corresponding to the local ground area
Z3 defmed by the break line Lz.
[0025] Figures 5 and 6 show the driving mechanism
30 for driving the monitoring camera 10 between the
working position in which the monitoring camera 10 is
largely exposed out of the vehicle body V, specifically
the front bumper 1 in this embodiment (see Figure 5)
and a hidden position in which the camera 10 stays in
hiding in the front bumper 1 (see Figure 6). The casing
11 is provided with a shroud 15 formed as an integral
piece thereof which is in flush with the outer surface of
the bumper 1 when the monitoring camera 10 is in the
hidden position and a washing fluid injection nozzle 38
which sprays a head light with a washing fluid as will be
described later. The washing fluid injection nozzle 38.
The driving mechanism 30 includes a washer motor 31
(schematically shown in Figure 5) fixedly attached to a
stationary part of the vehicle body V in a position behind
a front wall portion of the front bumper 1 and below the
monitoring camera 10, and the a cylinder 32 fixedly
mounted on the washer motor 31. The cylinder 32 com-
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prises a cylinder barrel 33, a piston 34 received for slid-
ing movement in the cylinder barrel 33, a plunger 34a
formed as an integral piece of the piston 34 and a return
spring 35. The plunger 34 at its top end is rigidly con-
nected to the monitoring camera 10. The interior of the
cylinder barrel 33 is divided into two, namely lower and
upper cylinder chambers 33a and 33b by the piston 34.
The lower chamber 33a, that is watertight, is connected
to a washing fluid tank (not shown) through valves,
namely a fluid supply valve 36 and a fluid drain valve
37. The cylinder barrel 33 at the top end supports the
plunger 34a for slide movement and allows are to enter
and exit the lower chamber 33b. The return spring 35 is
fixedly connected to the piston 34 and the bottom of the
cylinder barrel 33 to pull the piston 34 always downward.
[0026] The driving mechanism 30 operates to move
the monitoring camera 10 between the hidden position
and the working position in the following manner. When
the washer motor 31 is activated to rotate after or simul-
taneously with opening the fluid supply valve 36 and
closing the fluid rain valve 37 while the monitoring cam-
era 10 is in the hidden position, a washing fluid is sup-
plied into the lower chamber 33a of the cylinder 32 to
force the piston 34 upward against the return spring 35,
so as thereby to move the monitoring camera 10 to the
working position from the hidden position. On the other
hand, when opening the fluid drain valve 36 simultane-
ously closing the fluid supply valve 36 to drain the wash-
ing fluid from the lower chamber 33a of the cylinder 33,
the piston 34 is forced down to retract the plunger 34a,
so as thereby to move the monitoring camera 10 to the
hidden position from the working position. The washing
fluid drained from the lower chamber 33a of the cylinder
33 is returned into the washing fluid tank.
[0027] The washer fluid is supplied to the washing flu-
id injection nozzle 38 by the washer motor 31 but inde-
pendent of the cylinder 32 of the driving mechanism 30.
Specifically, a fluid supply valve 39 is provided in parallel
to the fluid supply and drain valves 36 and 37 between
the washing fluid tank and the washing fluid injection
nozzle 38. As will be described later, upon activation of
the washer motor 31, the fluid supply valve 39 is simul-
taneously opened to supply the washing fluid to the
washing fluid injection nozzle 38. While the washer mo-
tor 31 remains activated, the washing fluid is sprayed
on the head light through the washing fluid injection noz-
zle 38. The washing fluid may be supplied directly to the
washing fluid injection nozzle 38 through a flexible fluid
supply pipe or through a fluid supply passage formed in
the piston 34 and plunger 34a.
[0028] It is often usual practice to provide a generally
U-shaped front bumper reinforcement 41 fixedly at-
tached to the front wall portion pf the front bumper 1 from
the back and extending in the transverse direction of the
vehicle body V. In this case, there is fear that the mon-
itoring camera 10 is brought into mechanical interfer-
ence with the front bumper reinforcement 41 if the mon-
itoring camera 10 is moved straight downward into the

hidden position. In order to avoid such mechanical in-
terference with the front bumper reinforcement 41, the
monitoring camera 10 is required to be located as far
backward from the front wall portion of the front bumper
1 as possible. This configuration exerts restraints on the
field of view Z of the monitoring camera 10 that is desired
to be at a short distance from the vehicle body V. In other
words, in order to for the monitoring camera 10 to have
a field of view at a short distance from the vehicle body
V, it is desirable to locate the monitoring camera 10,
more specifically the convex reflecting mirror 13, as far
forward and laterally as possible. With that background,
the inclined or tilting configuration of the monitoring
camera 10, it is realized to strike a balance between pro-
viding the monitoring camera 10 with a field of view Z
close to the vehicle body V in the working position and
eliminating mechanical interference of the monitoring
camera 10 with the front bumper reinforcement 41 dur-
ing movement from the working position to the hidden
position.
[0029] Figure 7 schematically shows a control system
50 of the monitoring system that includes a control unit
U comprising a microcomputer, a vehicle speed sensor
S1 and control switches, namely a monitor switch SW1
and a washer switch SW2. The control unit U receives
a signal representative of a vehicle speed from the ve-
hicle speed sensor S1, signals from the control switches
SW1 and SW2 and signals into which the camera 14
converts an optical image formed thereon. The control
unit U processes the signals provided by the monitoring
camera 10 to generate and provide image signals to a
display device 20 to display a video image of the field of
view Z picked up by the monitoring camera 10 on a dis-
play screen 20a. Each of these switches SW1 is manu-
ally switched on to provide a control signal to the control
unit U. When control unit U activates the washer motor
31 to rotate in response to receipt of a control signal
from the monitor switch SW1 or the washer switch SW2.
Further, the control unit U activates the fluid supply valve
36 in response to receipt of the control signal from the
monitor switch SW1. Then, the washer motor 31 forces
and supplies a washing fluid into the lower cylinder
chamber 33a of the cylinder 33 of the driving mechanism
30 through the fluid supply valve 36, so as thereby to lift
the piston 34, and hence the plunger 34a, upward. As
a result, the monitoring camera 10 is moved into the
working position. The control unit U activates the mon-
itoring camera 10 during movement into the working po-
sition or on arrival in the working position and keeps the
monitoring camera 10 activated as long as the vehicle
speed sensor S1 monitors a vehicle speed less than a
predetermined speed, for example approximately 20
km/h. When the monitoring camera 10 arrives in the
working position, the control unit U deactivates the
washer motor 31 to stop and the fluid supply valve 36
to close, so as thereby to keep the piston 34, and hence
the plunger 34a, lifted up. The control unit U continuous-
ly provides video signals to the display device 20 to dis-
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play a video image of the field of view Z picked up by
the monitoring camera 10 on the display screen 20a
while the vehicle speed sensor S1 monitors a vehicle
speed less than the predetermined speed.
[0030] When the washer switch SW2 is switched on
while the monitoring camera 10 in the working position
remains activated, the control unit U activates the wash-
er motor 32 to rotate and the fluid supply valve 39 to
open, so as thereby to supply a washing fluid to the
washing fluid injection nozzle 38 through the fuel supply
valve 39 to sprays a head light with the washing fluid
through the washing fluid injection nozzle 38.
[0031] When the monitor switch SW1 is switched off
while the monitoring camera 10 in the working position
remains actuated, the control unit U deactivates the fluid
drain valve 37 to open, then the piston 34, and hence
the plunger 34a, is forced downward by the return spring
35 discharging the washing fluid from the lower cylinder
chamber 33a of the cylinder 33 of the driving mechanism
30 through the fluid drain valve 37, so as thereby to pull
down the monitoring camera 10 into the hidden position.
The control unit U deactivates the monitoring camera
10 upon downward movement of toward the hidden po-
sition.
[0032] Figures 8 and 9 shows a display of a video im-
age of the field of view Z picked up by the monitoring
camera 10 on the display screen 20a of the display de-
vice 20. In the event wherein two stumbling blocks,
namely, for example, a human body L5 and a cardboard
box L6, are there in the field of view Z of the monitoring
camera 10 as shown in Figure 8, a video image appears
on the display screen 20a of the display device 20 as
shown in Figure 9. The video image on the display
screen 20a of the display device 20 includes a figure
image LK5 of a lower part of the human body L5, an
image LK6 of a lower part of the cardboard box L6, an
image 1aK of a part of the front bumper 1 that is defined
by the break line Lz (rightmost edge 1a of the bumper
1), and an image 11 aK of a part of the casing 11 of the
monitoring camera 10.
[0033] If the video image displayed on the display
screen 20a of the display device 20 includes only the
stumbling blocks L5 and L6, it is hard for the driver to
make a swift decision of distances to and/or directions
of the stumbling blocks L5 and L6. However, according
to the monitoring system, since the video image dis-
played on the display screen 20a of the display device
20 always includes a break line Lz representing as a
profile line of the outermost part of the vehicle body V
(the rightmost part 1a of the bumper 1 in this embodi-
ment) as together with images L5K and L6K of the stum-
bling blocks L5 and L6, the driver can determine a po-
sition of the vehicle body V relative to the stumbling
blocks L5 and L6 on the basis of the break line Lz on
the display screen 20a of the display device 20. In Figure
9, an area formed between the break line Lz and the
shadow 11aK corresponds the local ground area Z3
shown in Figure 5.

[0034] Figures 10 and 11 show monitoring systems
for a vehicle according to other embodiments of the
present invention, respectively. The monitoring system
shown in Figure 10 is the same in structure and opera-
tion as that of the previous embodiment except that an
all-directional monitoring camera 10 of the monitoring
system is inclined differently from that of the previous
embodiment. More specifically, the monitoring camera
10 is oriented with its optical axis Ox inclined laterally
outward from bottom to top with respect to a vertical di-
rection of the vehicle body V in the working position. Ac-
cording to this configuration, the monitoring camera 10
is put in a position in the working position wherein a low-
er quarter around a front right part, in particular on the
right side, of the vehicle body V falls within the field of
view. The monitoring system shown in Figure 11 is also
the same in structure and operation as that of the pre-
vious embodiment except that an all-directional moni-
toring camera 10 of the monitoring system is oriented
with its optical axis Ox inclined forward and laterally out-
ward from bottom to top with respect to a vertical direc-
tion of the vehicle body V. According to this inclined con-
figuration, the monitoring camera 10 in the working po-
sition is put in a position where a lower quarter around,
in particular on the front side, of the front right part of
the vehicle body V falls within the field of view.
[0035] Figures 12(A) and 12 (B) show the principle of
range finding method of finding a distance between the
vehicle body V and an obstacle in a peripheral-ground
area close to the vehicle body V. The monitoring system
compares two images, one of which is taken by the mon-
itoring camera 10 that reaches an inceptive position in
which the monitoring camera 10 puts its head out of the
bumper 1 sufficiently enough to bring at least an aimed
portion, e.g. a side wall, of an obstacle L10 into the field
of view during the course of movement to the working
position as shown in Figure 12(A) and the other of which
is taken by the monitoring camera 10 reaches the work-
ing position as shown in Figure 12(B), to find a positional
change of the target part of the obstacle 10L between
the two images. A distance ∆ of the obstacle 10L from
the vehicle body V can be calculated on the basis of the
positional change and a moved distance of the monitor-
ing camera 10 between the inceptive position and the
working position in a well known manner, for example
through the use of trigonometric survey.
[0036] Although having been described on the pre-
ferred embodiments, the present invention is not applied
exclusively to these embodiment and includes various
other embodiments and variants. For example, the re-
flective surface of the monitoring camera 10 may be of
partly non-planar or may be of partly convex. The mon-
itoring camera 10 may be mounted on a front end portion
of the vehicle body on the left or at the center, on a rear
end portion of the vehicle body at left and/or right ends
or at the center. Further, in the case of a left-hand drive
vehicle, it is preferred to mount the monitoring camera
in a position bilaterally symmetrical to the mounting po-
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sition of the left-hand drive vehicle shown in Figures 3
to 5.
[0037] The monitoring camera 10 may be moved
along its own optical axis Ox between the hidden posi-
tion and the working position. Further, the monitoring
camera 10 may be mounted with its optical axis directed
straight vertically and moved straight vertically up and
down.
[0038] The monitoring camera 10 may be mounted
not directly on the front bumper 1 but on a tip end of a
corner pole or the like that extends above the front
bumper 1. In the case where a vehicle has a roof panel
with its rear edge located in close proximity to a rear end
of the vehicle body such as a station wagon or a one-
box car, the monitoring camera 10 may be mounted on
the roof panel in close proximity to the rear end of the
vehicle body or at a proper location according to what
peripheral-area is monitored. It is obvious to provide a
vehicle with a plurality of the monitoring cameras 10 at
different positions of the vehicle body.
[0039] It is to be understood that although the present
invention has been described with regard to preferred
embodiments thereof, various other embodiments and
variants may occur to those skilled in the art, which are
within the scope and spirit of the invention, and such
other embodiments and variants are intended to be cov-
ered by the following claims.

Claims

1. A monitoring system for monitoring a situation sur-
rounding a vehicle which comprises all-directional
image pick-up means (10) mounted on a vehicle
body (V) for picking up an image of a peripheral-
ground area of and close to the vehicle body (V) and
display means (20) disposed inside the vehicle
body (V) for displaying said image picked up by said
image pick-up means (10), characterized in that:

said all-directional image pick-up means (10)
comprises a reflecting mirror (13) having a re-
flective surface that is made at least partly con-
vex to reflect said scene including a break line
(Lz) defined by a profile of an outermost part
(1a) of the vehicle body (V) and an imaging de-
vice (14) facing said reflective surface so as to
receive said scene reflected by said reflecting
mirror (13) to form an image of said scene.

2. The monitoring system as defined in claim 1, char-
acterized in that said display means (20) displays
said image including said break line (Lz) together
with said peripheral-ground area.

3. The monitoring system as defined in claim 1 or 2,
characterized in that said reflecting mirror (13) is
positioned so as to direct said partly convex reflec-

tive surface downward and said imaging device (14)
is disposed approximately right below said reflect-
ing mirror (13), an optical axis (Ox) of said partly
convex reflective surface being inclined toward an
outside of the vehicle body (V) from bottom to top.

4. The monitoring system as defined in claim 1 or 2,
characterized in that said optical axis (Ox) of said
partly convex reflective surface is inclined from bot-
tom to top with respect to a vertical direction of the
vehicle body (V).

5. The monitoring system as defined in claim 1 or 2,
characterized in that said optical axis (Ox) of said
partly convex reflective surface is inclined from bot-
tom to top with respect to a longitudinal direction of
the vehicle body (V).

6. The monitoring system as defined in claim 1 or 2,
characterized in that said optical axis (Ox) of said
partly convex reflective surface is inclined forward
and laterally outward from bottom to top with re-
spect to a longitudinal direction of the vehicle body
(V).

7. The monitoring system as defined in any one of the
preceding claims 3 to 6, characterized in that said
all-directional image pick-up means (10) is mounted
on a bumper (1) of the vehicle body (V) so as to
define said break line (Lz) by a profile of an outer-
most end (1a) of said bumper (1).

8. The monitoring system as defined in claim 6, char-
acterized in that said all-directional image pick-up
means (10) is mounted on a front bumper (1) at a
leftmost end (1a) and said optical axis (Ox) of said
partly convex reflective surface is inclined forward
and laterally outward from bottom to top so as there-
by to define said break line (Lz) by an leftmost end
profile of said front bumper (1).

9. The monitoring system as defined in claim 6, char-
acterized in that said all-directional image pick-up
means (10) is mounted on a front bumper (1) at a
rightmost end (1a) and said optical axis (Ox) of said
partly convex reflective surface is inclined forward
and laterally outward from bottom to top so as there-
by to define said break line (Lz) by a rightmost end
profile of said front bumper (1).

10. The monitoring system as defined in any one of the
preceding claims 1 to 9, characterized in that said
all-directional image pick-up means (10) has a cas-
ing (11) in which said reflecting mirror (13) and said
imaging device (14) are fixedly held and which is
movable between a working position in which said
all-directional image pick-up means (10) is exposed
out of the vehicle body (V) and a hidden position in

11 12



EP 1 464 540 A1

8

5

10

15

20

25

30

35

40

45

50

55

which said all-directional image pick-up means (10)
stays in hiding in the vehicle body (V).

11. The monitoring system as defined in claim 8 or 9,
characterized in that said partly convex reflective
surface is positioned above said outermost profile
of the vehicle body (V) in vertical direction.

12. The monitoring system as defined in claim 10, char-
acterized in that said partly convex reflective sur-
face is positioned above said outermost profile of
the vehicle body (V) in vertical direction when said
all-directional image pick-up means (10) is in said
working position.
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