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(57) ABSTRACT 
A distance-measuring optical apparatus for measuring a 
distance to an object as a target comprises an imaging optical 
System; an image Sensor; a driving Section for moving at 
least the imaging optical System Substantially perpendicular 
to an optical axis, an image Sensor control Section for 
outputting a periodical timing Signal for designating a timing 
at which the image Sensor takes an object image; and a 
driving control Section for controlling the driving Section to 
reciprocate the imaging optical System. The timing Signal is 
periodically output when the imaging optical System is 
located near two positions away from each other in a 
direction Substantially perpendicular to the optical axis. The 
distance-measuring optical apparatus further comprises an 
image processing operation Section for finding, through an 
operation, a distance from the imaging optical System to the 
object using the image Signal when the imaging optical 
System is at each of the two positions. 
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DISTANCE-MEASURING OPTICAL APPARATUS, 
DISTANCE-MEASURING METHOD, 

DISTANCE-MEASURING SYSTEM, IN-VEHICLE 
IMAGER, AND IN-VEHICLE DRIVING SUPPORT 

APPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a distance-measur 
ing optical apparatus for measuring a distance to an object 
to be imaged using an imaging optical System and an image 
Sensor, a distance-measuring method using Such a distance 
measuring optical apparatus, and a distance-measuring Sys 
tem for generating information to be recognized by the 
operator in accordance with the distance measured by the 
distance-measuring optical apparatus and presenting the 
information. The present invention also relates to an in 
vehicle imager including the above-described distance-mea 
Suring optical apparatus, and an in-vehicle driving Support 
apparatus including the above-described distance-measuring 
System. 

0.003 2. Description of the Background Art 
0004 AS distance-measuring optical apparatuses for 
measuring a distance to an object to be imaged, apparatuses 
using a So-called triangular distance-measuring System are 
known. According to a triangular distance-measuring System 
described in, for example, Japanese Laid-Open Patent Pub 
lication No. 8-233571, light from a light emitting diode or 
the like is spot-projected toward a measurement target, the 
distance to which is to be measured, via a projection lens, 
and the light reflected by the measurement target is received 
by a position detection element via a light receiving lens. 
Based on the light receiving position detected by the posi 
tion detection element, the distance to the measurement 
target can be found out. 
0005) Japanese Laid-Open Patent Publication No. 
60-216206 proposes a three-dimensional image generation 
apparatus including an imaging Section. The three-dimen 
Sional image generation apparatus described in Japanese 
Laid-Open Patent Publication No. 60-216206 includes an 
imaging Section and a moving mechanism for moving the 
imaging Section Substantially perpendicular to an optical 
axis. Each time a three-dimensional image is to be taken, the 
imaging Section is moved to take a plurality of images, and 
parallax is found by a operation based on the images, So as 
to generate a three-dimensional image. 
0006 According to the triangular distance-measuring 
system described in Japanese Laid-Open Patent Publication 
No. 8-233571, various elements for distance measurement 
are required including an optical Source and an optical 
System for projecting light, a position detection element for 
receiving light, and the like. 
0007. In order to check the view behind a vehicle, anin 
vehicle imager is occasionally mounted. In this case, it is 
necessary to measure a distance between the vehicle and an 
object behind the vehicle So as to grasp the distance accu 
rately, in addition to visually observe the object. When using 
the triangular distance-measuring optical apparatus 
described in Japanese Laid-Open Patent Publication No. 
8-233571 to measure the distance, an optical system for 
taking images and also an optical System for measuring 
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distances are required. This enlarges the Overall size of the 
apparatus against the general demand for Size reduction. 
0008. The three-dimensional image generation apparatus 
described in Japanese Laid-Open Patent Publication No. 
60-216206 is intended to generate a three-dimensional 
image when the imaging Section is in a still State. This 
three-dimensional image generation apparatus is not 
intended to be used in a distance-measuring optical appara 
tus mounted on an in-vehicle imager for measuring distances 
at high Speed in a moving body and outputting the distance 
measuring results. Successively. 

SUMMARY OF THE INVENTION 

0009. Therefore, an object of the present invention made 
in light of the above-described circumstances is to provide 
a distance-measuring optical apparatus capable of measur 
ing a distance at high Speed in a moving body and outputting 
the distance-measuring results Successively despite a simple 
Structure using an imaging optical System. Another object of 
the present invention is to provide a distance-measuring 
method using Such a distance-measuring optical apparatus. 
Still another object of the present invention is to provide a 
distance-measuring System using Such a distance-measuring 
optical apparatus. 

0010. One object of the present invention is achieved by 
the following distance-measuring optical apparatus. The 
distance-measuring optical apparatus for measuring a dis 
tance to an object as a target comprises an imaging optical 
System for forming an image of the object; an image Sensor 
for taking the image of the object formed by the imaging 
optical System, converting the image into an electrical image 
Signal, and outputting the image Signal; a driving Section for 
moving at least the imaging optical System Substantially 
perpendicular to an optical axis, an image Sensor control 
Section for outputting a periodical timing Signal for desig 
nating a timing at which the image Sensor takes the image of 
the object; and a driving control Section for controlling the 
driving Section Such that the imaging optical System recip 
rocates at a predetermined cycle between two positions 
which are away from each other in a direction Substantially 
perpendicular to the optical axis. The timing Signal is 
periodically output when the imaging optical System driven 
by the driving section is located in the vicinity of the two 
positions which are away from each other in a direction 
Substantially perpendicular to the optical axis, and the 
distance-measuring optical apparatus further comprises an 
image processing operation Section for receiving an image 
Signal from the image Sensor and performing an operation to 
obtain the distance from the imaging optical System to the 
object, using the image Signal converted when the imaging 
optical System is at each of the two positions which are away 
from each other in a direction Substantially perpendicular to 
the optical axis. 
0011 Preferably, the driving section moves the imaging 
optical System in one direction with respect to the optical 
axis. At this point, preferably, 812P/m-m' where m is the 
image forming magnification of an object located at a 
Shortest imaging distance of the imaging optical System, m' 
is the image forming magnification of an object which is 
away from the object at the shortest imaging distance by a 
distance-measuring resolvable distance, P is the pixel pitch 
of the image Sensor, and 61 is the distance by which the 
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imaging optical System is moved in one direction Substan 
tially perpendicular to to the optical axis. 

0012 Preferably, the driving section moves the imaging 
optical System in two directions with respect to the optical 
axis. At this point, preferably, 822P/(2m-m") where m is 
the image forming magnification of an object located at a 
Shortest imaging distance of the imaging optical System, m' 
is the image forming magnification of an object which is 
away from the object at the shortest imaging distance by a 
distance-measuring resolvable distance, P is the pixel pitch 
of the image Sensor, and 62 is the distance by which the 
imaging optical System is moved in each of the two direc 
tions Substantially perpendicular to the optical axis. 

0013 The driving section may move the imaging optical 
System and the image Sensor Substantially perpendicular to 
the optical axis. The driving Section may move only the 
imaging optical System Substantially perpendicular to the 
optical axis. 

0.014. One object of the present invention is achieved by 
the following distance-measuring method. The distance 
measuring method measures a distance to an object as a 
target, using an imaging optical System for forming an image 
of the object, an image Sensor for taking the image of the 
object formed by the imaging optical System, converting the 
image into an electrical image Signal, and outputting the 
image Signal; and a driving Section for moving at least the 
imaging optical System Substantially perpendicular to an 
optical axis. The distance-measuring method comprises the 
Steps of reciprocating the imaging optical System at a 
predetermined cycle between two positions which are away 
from each other in a direction Substantially perpendicular to 
the optical axis, and performing an operation to obtain a 
distance from the imaging optical System to the object, using 
the image Signal converted by the image Sensor when the 
imaging optical System is at each of the two positions which 
are away from each other in a direction Substantially per 
pendicular to the optical axis. 

0.015. One object of the present invention is achieved by 
the following distance-measuring System. The distance 
measuring System for measuring a distance to an object as a 
target, generating information which is to be recognized by 
the operator in accordance with the measured distance and 
presenting the information to the operator comprises a 
distance-measuring optical apparatus for measuring the dis 
tance to the object; and a presentation Section for generating 
information which is to be recognized by the operator in 
accordance with the distance measured by the distance 
measuring optical apparatus and presenting the information 
to the operator. The distance-measuring optical apparatus 
includes an imaging optical System for forming an image of 
the object; an image Sensor for taking the image of the object 
formed by the imaging optical System, converting the image 
into an electrical image Signal, and outputting the image 
Signal; a driving Section for moving at least the imaging 
optical System Substantially perpendicular to an optical axis, 
an image Sensor control Section for outputting a periodical 
timing Signal for designating a timing at which the image 
Sensor takes the image of the object; and a driving control 
Section for controlling the driving Section Such that the 
imaging optical System reciprocates at a predetermined 
cycle between two positions which are away from each other 
in a direction Substantially perpendicular to the optical axis. 
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The timing Signal is periodically output when the imaging 
optical System driven by the driving Section is located in the 
vicinity of the two positions which are away from each other 
in a direction Substantially perpendicular to the optical axis, 
and the distance-measuring optical apparatus further com 
prises an image processing operation Section for receiving 
an image Signal from the image Sensor and performing an 
operation to obtain the distance from the imaging optical 
System to the object, using the image Signal converted when 
the imaging optical System is at each of the two positions 
which are away from each other in a direction Substantially 
perpendicular to the optical axis. 

0016 Preferably, the information to be recognized by the 
operator is information on a result of comparison of the 
distance measured by the distance-measuring optical appa 
ratus and a predetermined distance value. 

0017 Preferably, the presentation section includes one of 
a display device for displaying the information as an image 
Signal; a light emitting device for transmitting the informa 
tion as an optical signal, an illumination device for trans 
mitting the information as an optical Signal; a Sound gen 
erator for transmitting the information as an audio signal; 
and a vibration generation device for transmitting the infor 
mation as Sense-of-touch information by Vibrating a com 
ponent operated by the operator. 

0018 Preferably, the presentation section includes a dis 
play device for displaying the information as an image 
Signal, and the display device is capable of displaying the 
image Signal obtained by the image Sensor as a visible 
image. 

0019 Preferably, the presentation section may includes a 
display device for displaying the information as an image 
Signal; and an image processing device for replacing an 
image Signal converted by the image Sensor in a period in 
which the imaging optical System is moving Substantially 
perpendicular to the optical axis with an image Signal 
obtained by the image Sensor before the imaging optical 
System is moved. 

0020 Preferably, the presentation section may includes a 
display device for displaying the information as an image 
Signal; and an image processing device for replacing an 
image Signal converted by the image Sensor in a period in 
which the imaging optical System is moving Substantially 
perpendicular to the optical axis with an image Signal 
generated by motion prediction based on an image Signal 
obtained by the image Sensor before the imaging optical 
System is moved. 
0021. In an example, the image processing device may 
display an image of an object with a short imaging distance 
in the State of being Surrounded by a frame of a highly 
recognizable color. In another example, the image proceSS 
ing device may display an image of an object with a short 
imaging distance in the State where the color thereof is 
converted into a highly recognizable color. 

0022. According to the present invention, a distance 
measuring optical apparatus capable of measuring a distance 
at high Speed in a moving body and outputting the distance 
measuring results. Successively despite a simple structure 
using an imaging optical System can be provided. According 
to the present invention, a distance-measuring method using 
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Such a distance-measuring optical apparatus and a distance 
measuring System using Such a distance-measuring optical 
apparatus can be provided. 
0023 These and other objects, features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1 is a cross-sectional view showing a general 
Structure of a distance-measuring optical apparatus accord 
ing to a first embodiment of the present invention; 
0.025 FIG. 2 shows the principle of distance measure 
ment performed by the distance-measuring optical appara 
tuS, 

0.026 FIG. 3 is a flowchart illustrating a distance-mea 
Suring method using the distance-measuring optical appa 
ratus, 

0.027 FIG. 4 shows conditions for distance measurement 
performed by the distance-measuring optical apparatus 
according to the first embodiment; 
0028 FIG. 5 is a block diagram of the distance-measur 
ing optical apparatus according to the first embodiment; 
0029 FIG. 6A is a timing diagram illustrating the rela 
tionship between the timing signal for imaging and the 
driving current in the distance-measuring optical apparatus 
according to the first embodiment; 
0030 FIG. 6B is a timing diagram illustrating the rela 
tionship between the timing Signal for imaging and the 
driving current in the distance-measuring optical apparatus 
according to the first embodiment; 
0.031 FIG. 6C is a timing diagram illustrating the rela 
tionship between the timing Signal for imaging and the 
driving current in the distance-measuring optical apparatus 
according to the first embodiment; 
0.032 FIG. 7 is a timing diagram illustrating the move 
ment of the imaging optical System driven by the driving 
current in the distance-measuring optical apparatus accord 
ing to the first embodiment; 
0.033 FIG. 8 shows conditions for distance measurement 
performed by a distance-measuring optical apparatus 
according to a Second embodiment of the present invention; 
0034 FIG. 9 shows the conditions for the distance mea 
Surement, 

0.035 FIG. 10A is a timing diagram illustrating the 
relationship between the timing Signal for imaging and the 
driving current in the distance-measuring optical apparatus 
according to the Second embodiment; 
0.036 FIG. 10B is a timing diagram illustrating the 
relationship between the timing Signal for imaging and the 
driving current in the distance-measuring optical apparatus 
according to the Second embodiment; 
0037 FIG. 10C is a timing diagram illustrating the 
relationship between the timing Signal for imaging and the 
driving current in the distance-measuring optical apparatus 
according to the Second embodiment; 
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0038 FIG. 11 is a timing diagram illustrating the move 
ment of the imaging optical System driven by the driving 
current in the distance-measuring optical apparatus accord 
ing to the Second embodiment; 
0039 FIG. 12 is a cross-sectional view showing a gen 
eral Structure of a distance-measuring optical apparatus 
according to a third embodiment of the present invention; 
0040 FIG. 13 is block diagram showing a structure of a 
distance-measuring System according to a fourth embodi 
ment of the present invention; 
0041 FIG. 14 shows a display state of a distance 
measuring System according to a fifth embodiment of the 
present invention; 
0042 FIG. 15 is block diagram showing a structure of 
the distance-measuring System according to the fifth 
embodiment; 
0043 FIG. 16 shows an altered display state of the 
distance-measuring System according to the fifth embodi 
ment, 

0044 FIG. 17 shows another altered display state of the 
distance-measuring System according to the fifth embodi 
ment; and 
004.5 FIG. 18 shows an in-vehicle imager according to a 
sixth embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0046. Hereinafter, the present invention will be described 
by way of embodiments with reference to the drawings. 
Identical elements bear identical reference numerals. 

First Embodiment 

0047 FIG. 1 is a cross-sectional view showing a general 
Structure of a distance-measuring optical apparatus accord 
ing to a first embodiment of the present invention. An 
imaging optical apparatus 5 includes an imaging optical 
System 2 and an image Sensor 3 which are provided on an 
optical axis 1 and are integrally formed in a housing 4. On 
both sides of the housing 4, permanent magnets 6 and 7 are 
provided. Coils 8 and 9 are provided so as to face the 
permanent magnets 6 and 7, respectively. When a driving 
current is flown through the coils 8 and 9 to generate a 
magnetic field, the imaging optical apparatus 5 moves 
Substantially perpendicular to the optical axis 1 by the 
interaction of the magnetic field generated by the coils 8 and 
9 and a magnetic field generated by the permanent magnets 
6 and 7. Image Signals obtained by the image Sensor 3 before 
and after the imaging optical apparatuS 5 is moved are 
Subjected to an image operation using an appropriate image 
processing apparatus. Thus, a distance to an object can be 
measured. 

0048 FIG. 2 shows the principle of distance measure 
ment performed by the distance-measuring optical apparatus 
shown in FIG. 1. As shown in FIG. 1, the imaging optical 
System 2 and the image Sensor 3 included in the imaging 
optical apparatuS 5 are provided on the optical axis 1. An 
object 10 having a height of his located at a position away 
from the imaging optical System 2 by an imaging distance S. 
The imaging distance S is within a distance-measuring 



US 2006/0023200 A1 

resolvable distance. The image Sensor 3 is located at a 
position away from the imaging optical System 2 by S0, 
which is the focal length of the imaging optical System 2. 

0049. An image 11 of the object 10 formed on the image 
sensor 3 by the imaging optical System 2 has a height of mh, 
where m is the image forming magnification and is SO/S. 
The imaging optical apparatus 5 including the imaging 
optical System 2 and the image Sensor 3 is also shown in a 
post-movement State of having moved Substantially perpen 
dicular to the optical axis 1 by a distance 8. Dashed line 1a 
represents the optical axis and dashed line 2a represents the 
imaging optical System in this State. The image Sensor 3 in 
Such a State is not shown in order to avoid making the figure 
excessively complicated. The height of the image 11a in the 
post-movement state (the distance from the optical axis 1 a 
on top of the image 11a) is m(h+8). The height difference 
Ah of the image before and after the imaging optical 
apparatuS 5 is moved is: 

= no 

= SO/SI). 

0050. Accordingly, S=S08/Ah. S0 is a known value 
which is generally equal to the focal length of the imaging 
optical System 2. Ö is a predetermined known value. Accord 
ingly, once the height difference Ah on the imaging optical 
apparatus 3 is found, the distance from the imaging optical 
system 2 to the object 10 can be found. Thus, the distance 
measurement can be performed. For an image operation to 
find Ah, the image Signals obtained by the image Sensor 3 
before and after the movement of the imaging optical 
apparatus 5 may be processed by any known image pro 
cessing technology. 

0051. With the above-described structure, the imaging 
optical apparatus 5 is moved in only one direction Substan 
tially perpendicular to the optical axis 1. Then, a distance to 
an object is measured based on an image Signal obtained by 
the image Sensor 3 when the imaging optical apparatuS 5 is 
located on the optical axis 1 and an image Signal obtained by 
the image Sensor 3 when the imaging optical apparatuS 5 is 
located away from optical axis 1. Since the imaging optical 
apparatuS 5 is moved in only one direction, a Space required 
for moving the imaging optical apparatus 5 can be Small and 
thus the distance-measuring optical apparatus can be com 
pact. 

0.052 FIG. 3 shows a distance-measuring method for 
measuring a distance to the object 10 using the distance 
measuring optical apparatus having the above-described 
Structure. The imaging optical apparatus 5 including the 
imaging optical System 2 is moved by the distance 6 
Substantially perpendicular to the optical axis 1 (Step S1). 
Thus, image Signals taken before and after the movement of 
the imaging optical System 2 are obtained by the image 
Sensor 3 (Step 2). Next, using the image Signals obtained 
before and after the movement of the imaging optical System 
2, the height change amount Ah of the image of the object 
10 is found by an image operation (step S3). Finally, the 
distance from the imaging optical System 2 to the object 10 
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is obtained based on the distance S0 between the imaging 
optical System 2 and the image Sensor 3, the distance 6, and 
the height change amount Ah (Step S4). 
0053 FIG. 4 shows conditions for performing distance 
measurement by the distance-measuring optical apparatus 
according to this embodiment at practically Sufficient pre 
cision. AS in FIG. 2, the imaging optical System 2 and the 
image Sensor 3 included in the imaging optical apparatus 5 
are located on the optical axis 1. A short-distance object 12 
is located at a position away from the imaging optical System 
2 by a shortest imaging distance (shortest imaging position). 
Along-distance object 13 is located at a position away from 
the shortest imaging position by a distance-measuring 
resolvable distance. The “shortest imaging distance' is 
defined as a distance between the distance-measuring optical 
apparatus and a position closest thereto at which an object 
can be imaged. The Shortest imaging distance is determined 
by conditions Set for the elements of the distance-measuring 
optical apparatus. The “distance-measuring resolvable dis 
tance' is defined as a shortest recognizable distance from the 
Shortest imaging position. 

0054 The image sensor 3 is provided the focal point of 
the short-distance object 12. Therefore, the image forming 
position of the long-distance object 13 is on the Side of the 
objects with respect to the image Sensor 3. AS a result, an 
image which is defocused within a tolerable range is formed 
on the image Sensor 3. In this State, the image forming 
magnification at the shortest imaging distance of the imag 
ing optical apparatuS 5 is m, and the image forming mag 
nification, on the image Sensor 3, of an object which is away 
from the Shortest imaging position by the distance-measur 
ing resolvable distance is m'. In the State where a main 
optical beam from the highest position of the short-distance 
object 12 and a main optical beam from the highest position 
of the long-distance object 13 are incident in an overlapping 
State on the entrance pupil of the imaging optical apparatus 
2, the height of the short-distance object 12 is “a” and the 
height of the long-distance object 13 is “b”. The height of an 
image 14 of each of the short-distance object 12 and the 
long-distance object 13 formed on the image Sensor 3 is ima 
and m'b, where ma=m'b. 
0055 Next, a state where the imaging optical apparatus 5 
has moved in one direction Substantially perpendicular to the 
optical axis 1 by the distance 61 will be discussed. The 
post-movement optical axis is represented by reference 
numeral 1a, and the post-movement imaging optical System 
is represented by reference numeral 2a. The height of an 
image 12a of the short-distance object 12 and the height of 
an image 13a of the long-distance object 13, which are 
formed on the post-movement image Sensor 3, are respec 
tively m(a+61) and m'(b+61). As long as the height 
difference Ah between the images 12a and 13a after the 
movement is greater than the pixel pitch P of the image 
Sensor 3, the inter-object distance can be recognized. This 
relationship is represented by expression (1). 

0056. As a result of expanding and arranging expansion 
(1), expression (2) is obtained. 

812P/Im-m' (2) 

0057. Once the shortest imaging distance to be measured, 
the distance-measuring resolvable distance, the focal length 
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of the imaging optical System 2, and the pixel pitch P of the 
image Sensor 3 are Set, the movement distance Ö1 by which 
the distance-measuring optical apparatus is to be moved 
Substantially perpendicular to the optical axis 1 can be 
obtained from expression (2). 
0.058 FIG. 5 is a block diagram of the distance-measur 
ing optical apparatus according to this embodiment. A 
distance-measuring optical apparatus 15 includes the imag 
ing optical System 2, the image Sensor 3, a driving Section 
151, a driving control Section 152, an image Sensor control 
Section 153, and an image processing operation Section 154. 
0059) The driving section 151 corresponds to the coils 8 
and 9, and moves the imaging optical System 2 Substantially 
perpendicular to the optical axis 1. The driving control 
Section 152 is a driver for Supplying a driving current to the 
driving section 151. As described later, the driving control 
Section 152 generates a driving current and Supplies the 
driving current to the driving section 151, such that the 
imaging optical System 2 reciprocates at a predetermined 
cycle between two positions which are away from each other 
in a direction Substantially perpendicular to the optical axis 
1. 

0060. The image sensor control section 153 is a timer for 
controlling the timing at which the image Sensor 3 takes 
images. When a timing Signal from the image Sensor control 
Section 153 is input to the image Sensor 3, the image Sensor 
3 takes images using a mechanical or electronic shutter as 
described later. The image sensor control section 153 and the 
driving control Section 152 are connected to each other, and 
pulses thereof are associated with each other. 
0061 The image processing operation section 154 uses 
image Signals output from the image Sensor 3 to perform an 
operation to obtain a distance from the imaging optical 
System 2 to an object as an imaging target. The image 
processing operation Section 154 is connected to the driving 
control Section 152, and receives a Start control Signal which 
is output at the time when the driving control section 152 
Starts flowing a driving current. 

0062 FIG. 6A, FIG. 6B and FIG. 6C are timing dia 
grams illustrating the relationship between the timing Signal 
for imaging and the driving current in the distance-measur 
ing optical apparatus according to this embodiment. FIG. 
6A shows a start control signal 1000 generated by the 
driving control Section 152 and indicating the timing for 
starting the Supply of a driving current to the coils 8 and 9 
as the driving section 151. FIG. 6B shows a driving current 
1001 Supplied from the driving control section 152 to the 
driving section 151. FIG. 6C shows a timing signal for 
imaging by the image Sensor 3. In all the timing diagrams, 
the horizontal axis represents the time, and the vertical axis 
represents the current value or the voltage value. FIG. 7 is 
a timing diagram showing the movement of the imaging 
optical System which is driven by the driving current flowing 
through the coils 8 and 9 of the distance-measuring optical 
apparatus according to this embodiment. The horizontal axis 
represents the time, and the vertical axis represents the 
positional change. 

0063) In FIG. 7, letters (a) and (b) both represent the 
positions at which the Speed of the imaging optical System 
2 becomes Zero and the blur caused by the movement is 
minimum. According to this embodiment, the image Sensor 

Feb. 2, 2006 

3 is controlled by a timing Signal, So that an image taken at 
the position represented by (a) (an image signal obtained 
after the imaging optical System 2 is moved) and an image 
taken at the position represented by (b) (an image signal 
obtained before the imaging optical System 2 is moved) are 
obtained using a mechanical or electronic shutter. By obtain 
ing the image signals both at the position represented by (a) 
and the position represented by (b), images can be taken for 
a period with no blur. 
0064. It should be noted that the imaging optical system 
2 which is driven moves with a delay of a certain time 
duration with respect to a change in the driving current 
because of inertia. As a result, the phase of the change in the 
driving current is advanced with respect to the positional 
change of the imaging optical System 2. Therefore, a timing 
Signal indicating the time to obtain an image Signal before 
the movement of the imaging optical System 2 needs to be 
delayed by a phase 1002 corresponding to the delay of the 
positional change, from the start control signal 1000 for 
generating the driving current. Reference numeral 1003 
represents a control Signal acting as Such a timing Signal. 
Another timing Signal indicating the time to obtain an image 
Signal after the movement of the imaging optical System 2 is 
set to be delayed by half a period with respect to the control 
signal 1003. Reference numeral 1004 represents a control 
Signal acting as Such a timing signal (timing signal 2). The 
control signal 1003 and the control signal 1004 form a 
timing Signal of a constant period. 
0065. In the case where a CCD is used as the image 
Sensor 3, the distance-measuring optical apparatus operates 
as follows. Where the imaging system is an NTSC progres 
Sive System, a start control Signal for the driving current is 
generated at an interval of 15/1 Second, and a pre-movement 
image Signal and a post-movement image signal are 
obtained at an interval of 30/1 second. Where the imaging 
System is an interlaced System, a Start control Signal for the 
driving current is generated at an interval of 30/1 Seconds, 
and a field-by-field pre-movement image Signal and a field 
by-field post-movement image are obtained at an interval of 
60/1 Second. Thus, frame-by-frame pre-movement and post 
movement image Signals can be generated by interpolation 
of Scanning lines. 
0066. As described above, with the distance-measuring 
optical apparatus according to this embodiment, the imaging 
optical System is reciprocated at high Speed between two 
positions which are away from each other in a direction 
Substantially perpendicular to the optical axis, and image 
Signals obtained when the imaging optical System 2 is at 
these two positions are Subjected to an operation to find a 
distance from the imaging optical System to the object. 
Therefore, the distance measurement can be performed at 
high Speed, and the distance-measuring results can be Suc 
cessively output. With the distance-measuring optical appa 
ratus according to this embodiment, image Signals obtained 
when the imaging optical System 2 is at two positions which 
are away from each other in a direction Substantially per 
pendicular to the optical axis are Subjected to an operation 
to find a distance from the imaging optical System to the 
object. Owing to the use of image Signals with little blur, the 
distance can be found at high precision. 

Second Embodiment 

0067. A distance-measuring optical apparatus according 
to a Second embodiment has Substantially the same general 
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structure as that shown in FIG. 1, except for the following 
point. In this embodiment, the imaging optical apparatus 5 
is moved in two directions which are Substantially perpen 
dicular to the optical axis 1. By moving the imaging optical 
apparatuS 5 in two directions with respect to the optical axis 
1, a distance to an object can be measured based on image 
Signals obtained by the image Sensor 3 when the imaging 
optical apparatuS 5 has moved upward and downward with 
respect to the optical axis 1. Since the imaging optical 
apparatuS 5 is moved in two directions, the imaging optical 
apparatus 5 can have a simple Structure which is Supported 
by a Spring-type body and can be produced at low cost. 
0068 FIG. 8 and FIG. 9 show conditions for performing 
distance measurement by the distance-measuring optical 
apparatus according to this embodiment at practically Suf 
ficient precision. FIG. 8 is substantially the same as FIG. 4. 
As described above with reference to FIG. 4, the image 
forming magnification at a shortest imaging distance of the 
imaging optical apparatus is m, and the image forming 
magnification, on the image Sensor 3, of the long-distance 
object 13 which is located away from the short-distance 
object 12 by a distance-measuring resolvable distance is m'. 
In the State where main optical beams from the highest 
positions of the Short-distance object 12 and the long 
distance object 13 are incident in an overlapping State on the 
entrance pupil of the imaging optical apparatus 2, the height 
of the short-distance object 12 is “a” and the height of the 
long-distance object 13 is “b”. The height of an image of the 
short-distance object 12 and the height of an image of the 
long-distance object 13 which are formed on the image 
sensor 3 are respectively ma and m'b, where ma=m'b. 
0069. Next, a state where the imaging optical apparatus 5 
is moved in two directions Substantially perpendicular to the 
optical axis leach by a distance 82 will be discussed. The 
imaging optical apparatus is moved by the distance Ö2 
downward with respect to the optical axis 1 in FIG. 8 and 
upward with respect to the optical axis 1 in FIG. 9. The 
post-movement optical axis is represented by reference 
numeral 1a, 1b, and the post-movement imaging optical 
System is represented by reference numeral 2a, 2b. 
0070. With reference to FIG. 8, the height of an image 
12a of the short-distance object 12 and the height of an 
image 13a of the long-distance object 13, formed on the 
image Sensor 3 which has been moved downward, are 
respectively m(a+62) and m'(b+62). With reference to 
FIG. 9, the height of an image 12a of the short-distance 
object 12 and the height of an image 13a of the long-distance 
object 13 (the height is the distance from the optical axis 1b 
on top of each image), formed on the image Sensor 3 which 
has been moved upward, are respectively m(a-62) and 
m'(b-82). As long as the height difference between the 
images 12a and 13a, after the imaging optical apparatuS 5 
moves upward or downward Substantially perpendicular to 
the optical axis, is greater than the pixel pitch P of the image 
Sensor 3, the inter-object distance can be recognized. This 
relationship is represented by expression (3). 

822P(12m-m') (3) 

0071. Once the shortest imaging distance to be measured, 
the distance-measuring resolvable distance, the focal length 
of the imaging optical System 2, and the pixel pitch P of the 
image Sensor 3 are Set, the movement distance Ö2 by which 
the distance-measuring optical apparatus is to be moved 
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Substantially perpendicular to the optical axis 1 can be 
obtained from expression (3). 
0.072 FIG. 10A, FIG. 10B and FIG. 10C are timing 
diagrams illustrating the relationship between the timing 
Signal for imaging and the driving current in the distance 
measuring optical apparatus according to this embodiment. 
The distance-measuring optical apparatus according to the 
Second embodiment has Substantially the same control block 
as that of the distance-measuring optical apparatus accord 
ing to the first embodiment. For this reason, the distance 
measuring optical apparatus will not be described with 
reference to a block diagram in this embodiment, and the 
following description will be provided using the same 
reference numerals as those used in the first embodiment. 

0073 FIG. 10A shows a start control signal 1020 gen 
erated by the driving control Section 152 and indicating the 
timing for Starting the Supply of a driving current to the coils 
8 and 9 as the driving section 151. FIG. 10B shows a driving 
current 1021 Supplied from the driving control section 152 
to the driving section 151. FIG. 10C shows a timing signal 
for imaging by the image Sensor 3. In all the timing 
diagrams, the horizontal axis represents the time, and the 
Vertical axis represents the current value or the Voltage 
value. FIG. 11 is a timing diagram showing the movement 
of the imaging optical System 2 which is driven by the 
driving current flowing through the coils 8 and 9 of the 
distance-measuring optical apparatus according to this 
embodiment. The horizontal axis represents the time, and 
the vertical axis represents the positional change. 
0.074) In FIG. 11, letters (a) and (b) both represent the 
positions at which the Speed of the imaging optical System 
2 becomes Zero and the blur caused by the movement is 
minimum. According to this embodiment, the image Sensor 
3 is controlled by a timing Signal, So that an image taken at 
the position represented by (a) (an image signal obtained 
after the imaging optical System 2 is moved) and an image 
taken at the position represented by (b) (an image signal 
obtained before the imaging optical System 2 is moved) are 
obtained using a mechanical or electronic shutter. By obtain 
ing the image signals both at the position represented by (a) 
and the position represented by (b), images can be taken for 
a period with no blur. 
0075. It should be noted that the imaging optical system 
2 which is driven moves with a delay of a certain time 
duration with respect to a change in the driving current 
because of inertia. As a result, the phase of the change in the 
driving current is advanced with respect to the positional 
change of the imaging optical System 2. Therefore, a timing 
Signal indicating the time to obtain an image Signal before 
the movement of the imaging optical System 2 needs to be 
delayed by a phase 1022 corresponding to the delay of the 
positional change and a phase 1023 corresponding to the 
time duration required by the imaging optical System 2 to 
move to the post-movement position, from the Start control 
Signal 1020 for generating the driving current. Reference 
numeral 1024 represents a control Signal acting as Such a 
timing Signal. Another timing Signal indicating the time to 
obtain an image Signal after the movement of the imaging 
optical system 2 is set to be delayed by half a period with 
respect to the control signal 1024. Reference numeral 1025 
represents a control signal acting as Such a timing Signal 
(timing signal 2). The control signal 1024 and the control 
Signal 1025 form a timing Signal of a constant period. 
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0.076. In the case where a CCD is used as the image 
Sensor 3, the distance-measuring optical apparatus operates 
as follows. Where the imaging system is an NTSC progres 
Sive System, a start control Signal for the driving current is 
generated at an interval of 15/1 Second, and a pre-movement 
image Signal and a post-movement image signal are 
obtained at an interval of 30/1 second. Where the imaging 
System is an interlaced System, a Start control Signal for the 
driving current is generated at an interval of 30/1 Seconds, 
and a field-by-field pre-movement image Signal and a field 
by-field post-movement image are obtained at an interval of 
60/1 Second. Thus, frame-by-frame pre-movement and post 
movement image Signals can be generated by interpolation 
of Scanning lines. 
0.077 As described above, with the distance-measuring 
optical apparatus according to this embodiment, the imaging 
optical System is reciprocated at high Speed between two 
positions which are away from each other in a direction 
Substantially perpendicular to the optical axis, and image 
Signals obtained when the imaging optical System 2 is 
located at these two positions are Subjected to an operation 
to find a distance from the imaging optical System to the 
object. Therefore, the distance measurement can be per 
formed at high Speed, and the distance-measuring results can 
be Successively output. With the distance-measuring optical 
apparatus according to this embodiment, image Signals 
obtained when the imaging optical System 2 is located at two 
positions which are away from each other in a direction 
Substantially perpendicular to the optical axis are subjected 
to an operation to find a distance from the imaging optical 
System to the object. Owing to the use of image Signal with 
little blur, the distance can be found at high precision. 
0078. The imaging optical system of the distance-mea 
Suring optical apparatus according to this embodiment 
moves Symmetrically with respect to the optical axis. There 
fore, the Structure for moving the imaging optical System can 
be Smaller and Simpler. The distance-measuring optical 
apparatus according to this embodiment can be more com 
pact than that in the first embodiment. 

Third Embodiment 

007.9 FIG. 12 shows a general structure of a distance 
measuring optical apparatus according to a third embodi 
ment of the present invention. The imaging optical System 2 
and the image Sensor 3 are provided on the optical axis 1. In 
this embodiment, unlike in the first embodiment shown in 
FIG. 1, the imaging optical System 2 and the image Sensor 
3 are separate from each other. Accordingly, the housing 4 
shown in FIG. 1 is not provided. On both sides of the 
imaging optical System 2, permanent magnets 6 and 7 are 
provided. Coils 8 and 9 are provided so as to face the 
permanent magnets 6 and 7, respectively. AS in the first 
embodiment, a driving current is flown through the coils 8 
and 9 to generate a magnetic field, and the imaging optical 
System 2 moves Substantially perpendicular to the optical 
axis 1 by the interaction of the magnetic field generated by 
the coils 8 and 9 and a magnetic field generated by the 
permanent magnets 6 and 7. Image Signals obtained by the 
image Sensor 3 before and after the imaging optical System 
2 is moved are Subjected to an image operation. Thus, a 
distance to an object can be measured. 
0080. In this embodiment, only the imaging optical sys 
tem 2 is driven. This is advantageous to cost reduction 
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because, for example, the magnitude of interaction by the 
magnetic fields can be Small and thus the driving power can 
be Small, and the permanent magnets 6 and 7 and the coils 
8 and 9 are only needed to generate a Small magnitude of 
magnetic field. The moving distance of the imaging optical 
System 2 is added on a change in the height of the image 
formed on the image Sensor 3. The precision of the distance 
measurement can be guaranteed by taking the moving 
distance into consideration when the image Signals are 
Subjected to an image operation using an appropriate image 
processing device. 
0081. As in the first embodiment, the imaging optical 
apparatus 5 can be constructed So as to move in only one 
direction Substantially perpendicular to the optical axis 1. In 
this case, a distance to an object can be measured based on 
an image Signal obtained by the image Sensor 3 when the 
imaging optical apparatus 5 is on the optical axis 1 and an 
image Signal obtained by the image Sensor 3 after the 
imaging optical apparatuS 5 is moved. Since the imaging 
optical apparatuS 5 is moved in one direction, a Space 
required for moving the imaging optical apparatus 5 can be 
Small and thus the distance-measuring optical apparatus can 
be compact. 
0082 AS in the second embodiment, the imaging optical 
apparatus 5 can be constructed So as to move in two 
directions Substantially perpendicular to the optical axis 1. 
In this case, a distance to an object can be measured based 
on an image Signal obtained by the image Sensor 3 before the 
imaging optical apparatus 5 is moved and an image Signal 
obtained by the image Sensor after the imaging optical 
apparatuS 5 is moved. Since the imaging optical apparatus is 
moved in two directions, the imaging optical apparatus 5 can 
have a simple Structure which is Supported by a Spring-type 
body and can be produced at low cost. 

Fourth Embodiment 

0083 FIG. 13 shows a distance-measuring system 
according to a fourth embodiment of the present invention. 
The distance-measuring System includes a distance-measur 
ing optical apparatuS 15 having a structure described in any 
one of the above embodiments, and an image processing 
device 16 and a display device 17. 
0084. The image processing device 16 includes an image 
Signal Storage Section 162 and an image Signal Switching 
Section 161. Image Signals are input from the image Sensor 
3 to the image Signal Storage Section 162 and the image 
Signal Switching Section 161. The image Signal before the 
imaging optical System 2 is moved is Stored in the image 
Signal Storage Section 162 and Supplied to the image Signal 
Switching Section 161. The image Signal Switching Section 
161 also receives a Signal indicating the Start of the move 
ment of the imaging optical System 2 by the driving control 
section 152. Upon receipt of the signal from the driving 
control Section 152, the image Signal Switching Section 161 
Switches the image Signal to be output from the image Signal 
obtained by the image Sensor 3 to the image Signal Supplied 
from the image Signal Storage Section 162. 
0085. At the time of distance measurement, the imaging 
optical System 2 is moved Substantially perpendicular to the 
optical axis 1. Therefore, the images taken during the 
movement are different from the images taken when the 
imaging optical System 2 is located on the optical axis 1. 
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However, with the distance-measuring System in this 
embodiment, the image Signal Supplied from the image 
Signal Storage Section 162 is used while the imaging optical 
System 2 is moving Substantially perpendicular to the optical 
axis 1 for distance measurement. Thus, an image Signal 
equivalent to the image Signal when the imaging optical 
System 2 is located Still on the optical axis 1 can be provided. 
0.086 The image processing device 16 may have a struc 
ture of replacing the image Signal during the distance 
measurement with an image Signal generated by motion 
prediction based on the image Signal obtained before the 
imaging optical System 2 is moved, instead of replacing the 
image Signal during the distance measurement with the 
image Signal obtained before the imaging optical System 2 is 
moved. In this case also, an image Signal equivalent to the 
image Signal when the imaging optical System 2 is located 
Still on the optical axis 1 can be provided. Furthermore, even 
while an object is moving, an image Signal equivalent to the 
image Signal obtained by continuous imaging by the imag 
ing optical System 2 can be provided. Furthermore, distance 
information which is output from the image processing 
operation Section 154 may be Superimposed on the image 
Signal. 

Fifth Embodiment 

0087. A distance-measuring system according to a fifth 
embodiment of the present invention will be described with 
reference to FIG. 14 and FIG. 15. FIG. 14 shows a display 
window 21 of a display device 17 of the distance-measuring 
system. In the display window 21, images of 22 and 23 of 
two objects taken by the distance-measuring optical appa 
ratus are displayed. The imaging distance of the image 22 is 
Short, and the imaging distance of the image 23 is long. In 
the display window 21, the image 22 with a shorter imaging 
distance can be displayed while being Surrounded by a frame 
having a highly recognizable color of red or yellow based on 
the distance information obtained at the time of imaging, So 
as to alert the operator. 
0088 As shown in FIG. 15, the distance-measuring 
System according to this embodiment includes a distance 
measuring optical apparatus 15 having a structure described 
in any one of the above embodiments, and an image pro 
cessing device 26. 
0089. The image processing device 26 includes a distance 
determination Section 261, a frame image Signal generation 
Section 262, and an image Signal Superimposition Section 
263. The image Signal Superimposition Section 263 receives 
an image Signal from the image Sensor 3. The distance 
determination Section 261 receives a distance-measuring 
result obtained by the image processing operation Section 
154. The distance determination section 261 determines 
whether the imaging distance is longer or Shorter than a 
predetermined value based on the Signal indicating the 
distance-measuring result, and Supplies the determination 
result to the frame image Signal generation Section 262. 
When the imaging distance is shorter than the predetermined 
value, the frame image Signal generation Section 262 gen 
erates a frame image Signal for Surrounding the image of the 
object and Supplies the frame image Signal to the image 
Signal Superimposition Section 263. The image Signal Super 
imposition Section 263 Superimposes the frame image Signal 
on the image Signal from the image Sensor 3, and outputs the 
image signal as shown in FIG. 14 to the display device 17. 
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0090 Instead of the frame image signal generation sec 
tion 262, a paint-out signal generation Section may be 
provided for converting the color of an image with a short 
imaging distance into a highly recognizable color of red or 
yellow and outputting the image with Such a color. In this 
case, as shown in FIG. 16, the color of an image 22a with 
a short imaging distance has been converted into a highly 
recognizable color of red or yellow, instead of the image 
Signal indicating the image of the object being Superimposed 
on by a frame image Signal. In this way, the operator can be 
alerted. 

0091 Alternatively, the distance-measuring system can 
have a structure shown in FIG. 17. The display window 21 
of the distance-measuring System displays the imageS 22 and 
23 of two objects taken by the distance-measuring optical 
apparatus with no modification. When, for example, the 
imaging distance of the image 22 is detected to be shorter 
than a predetermined value based on the distance informa 
tion obtained at the time of imaging by the image processing 
operation Section 154, a Sound generator 29 outputs an alarm 
So as to alert the operator. 

Sixth Embodiment 

0092 FIG. 18 shows an in-vehicle imager 30 mounted 
on a vehicle 31. The in-vehicle imager 30 includes a 
distance-measuring optical apparatus having a structure 
described in any of the above embodiments. The distance 
measuring optical apparatus according to the present inven 
tion can take imageS as well as measuring the distance. 
While the vehicle 31 is driven backward, the distance 
measuring optical apparatus mounted in a rear part of the 
vehicle 31 can monitor and check the field of view behind 
the vehicle 31 and also measure the distance to an obstacle 
behind the vehicle 31. 

0093. An in-vehicle driving Support apparatus can be 
provided using a distance-measuring System described in 
any of the above embodiments. The in-vehicle driving 
Support apparatus includes a distance-measuring optical 
apparatus provided in a front or a rear Section of a vehicle 
and a display Section of the distance-measuring System for 
displaying an image Signal from the distance-measuring 
optical apparatus. The display Section is located in the 
vicinity of a driver's Seat. The in-vehicle driving Support 
apparatus can display a view in front of, or rear, the vehicle, 
and also output an appropriate alarm when an obstacle is 
detected at a short distance based on the distance-measuring 
information. Thus, information for avoiding the vehicle 
from bumping into the obstacle can be properly provided to 
the driver. 

0094. With the distance-measuring system in some of the 
embodiments, the distance information which is output from 
the image processing operation Section 154 is Superimposed 
on the image Signal or is output as an alarm. The present 
invention is not limited to Such a use. For example, when 
applied to an in-vehicle driving Support apparatus, the 
distance information may be used to light up a light emitting 
diode or the like provided within the field of view of the 
driver, to control an illumination device provided in the 
vehicle to be lit up, to output an audio guidance from a Sound 
generator instead of an alarm, or to transmit vibrations to a 
component Such as a Steering wheel which is in contact with 
the driver to alert the driver. 
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0.095 While the invention has been described in detail, 
the foregoing description is in all aspects illustrative and not 
restrictive. It is understood that numerous other modifica 
tions and variations can be devised without departing from 
the Scope of the invention. 
What is claimed is: 

1. A distance-measuring optical apparatus for measuring 
a distance to an object as a target, comprising: 

an imaging optical System for forming an image of the 
object; 

an image Sensor for taking the image of the object formed 
by the imaging optical System, converting the image 
into an electrical image Signal, and outputting the 
image Signal; 

a driving Section for moving at least the imaging optical 
System Substantially perpendicular to an optical axis, 

an image Sensor control Section for Outputting a periodical 
timing Signal for designating a timing at which the 
image Sensor takes the image of the object; and 

a driving control Section for controlling the driving Sec 
tion Such that the imaging optical System reciprocates 
at a predetermined cycle between two positions which 
are away from each other in a direction Substantially 
perpendicular to the optical axis, 

wherein: 

the timing Signal is periodically output when the imaging 
optical System driven by the driving Section is located 
in the vicinity of the two positions which are away from 
each other in a direction Substantially perpendicular to 
the optical axis, and 

the distance-measuring optical apparatus further com 
prises an image processing operation Section for receiv 
ing an image Signal from the image Sensor and per 
forming an operation to obtain the distance from the 
imaging optical System to the object, using the image 
Signal converted when the imaging optical System is at 
each of the two positions which are away from each 
other in a direction Substantially perpendicular to the 
optical axis. 

2. A distance-measuring optical apparatus according to 
claim 1, wherein the driving Section moves the imaging 
optical System in one direction with respect to the optical 
axis. 

3. A distance-measuring optical apparatus according to 
claim 2, wherein 812P/m-m' where m is the image form 
ing magnification of an object located at a shortest imaging 
distance of the imaging optical System, m' is the image 
forming magnification of an object which is away from the 
object at the shortest imaging distance by a distance-mea 
Suring resolvable distance, P is the pixel pitch of the image 
Sensor, and 61 is the distance by which the imaging optical 
System is moved in one direction Substantially perpendicular 
to the optical axis. 

4. A distance-measuring optical apparatus according to 
claim 1, wherein the driving Section moves the imaging 
optical System in two directions with respect to the optical 
axis. 

5. A distance-measuring optical apparatus according to 
claim 4, wherein 822P/(2m-m") where m is the image 
forming magnification of an object located at a shortest 
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imaging distance of the imaging optical System, m' is the 
image forming magnification of an object which is away 
from the object at the shortest imaging distance by a 
distance-measuring resolvable distance, P is the pixel pitch 
of the image Sensor, and 62 is the distance by which the 
imaging optical System is moved in each of the two direc 
tions Substantially perpendicular to the optical axis. 

6. A distance-measuring optical apparatus according to 
claim 1, wherein the driving Section moves the imaging 
optical System and the image Sensor Substantially perpen 
dicular to the optical axis. 

7. A distance-measuring optical apparatus according to 
claim 1, wherein the driving Section moves only the imaging 
optical System Substantially perpendicular to the optical 
axis. 

8. A distance-measuring method for measuring a distance 
to an object as a target, wherein the distance-measuring 
method uses an imaging optical System for forming an 
image of the object; an image Sensor for taking the image of 
the object formed by the imaging optical System, converting 
the image into an electrical image Signal, and outputting the 
image Signal; and a driving Section for moving at least the 
imaging optical System Substantially perpendicular to an 
optical axis, the distance-measuring method comprising the 
Steps of 

reciprocating the imaging optical System at a predeter 
mined cycle between two positions which are away 
from each other in a direction Substantially perpendicu 
lar to the optical axis, and performing an operation to 
obtain a distance from the imaging optical System to the 
object, using the image Signal converted by the image 
Sensor when the imaging optical System is at each of the 
two positions which are away from each other in a 
direction Substantially perpendicular to the optical axis. 

9. A distance-measuring System for measuring a distance 
to an object as a target, generating information which is to 
be recognized by the operator in accordance with the mea 
Sured distance and presenting the information to the opera 
tor, the distance-measuring System comprising: 

a distance-measuring optical apparatus for measuring the 
distance to the object; and 

a presentation Section for generating information which is 
to be recognized by the operator in accordance with the 
distance measured by the distance-measuring optical 
apparatus and presenting the information to the opera 
tor, 

wherein the 
includes: 

distance-measuring optical apparatus 

an imaging optical System for forming an image of the 
object; 

an image Sensor for taking the image of the object formed 
by the imaging optical System, converting the image 
into an electrical image Signal, and outputting the 
image Signal; 

a driving Section for moving at least the imaging optical 
System Substantially perpendicular to an optical axis, 

an image Sensor control Section for outputting a periodical 
timing Signal for designating a timing at which the 
image Sensor takes the image of the object; and 
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a driving control Section for controlling the driving Sec 
tion Such that the imaging optical System reciprocates 
at a predetermined cycle between two positions which 
are away from each other in a direction Substantially 
perpendicular to the optical axis, 

wherein: 

the timing Signal is periodically output when the imaging 
optical System driven by the driving Section is located 
in the vicinity of the two positions which are away from 
each other in a direction Substantially perpendicular to 
the optical axis, and 

the distance-measuring optical apparatus further com 
prises an image processing operation Section for receiv 
ing an image Signal from the image Sensor and per 
forming an operation to obtain the distance from the 
imaging optical System to the object, using the image 
Signal converted when the imaging optical System is at 
each of the two positions which are away from each 
other in a direction Substantially perpendicular to the 
optical axis. 

10. A distance-measuring System according to claim 9, 
wherein the information to be recognized by the operator is 
information on a result of comparison of the distance 
measured by the distance-measuring optical apparatus and a 
predetermined distance value. 

11. A distance-measuring System according to claim 9, 
wherein the presentation Section includes one of a display 
device for displaying the information as an image Signal, a 
light emitting device for transmitting the information as an 
optical Signal, an illumination device for transmitting the 
information as an optical Signal; a Sound generator for 
transmitting the information as an audio signal, and a 
Vibration generation device for transmitting the information 
as Sense-of-touch information by Vibrating a component 
operated by the operator. 

12. A distance-measuring System according to claim 9, 
wherein the presentation Section includes a display device 
for displaying the information as an image Signal, and the 
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display device is capable of displaying the image Signal 
obtained by the image Sensor as a visible image. 

13. A distance-measuring System according to claim 12, 
wherein the presentation Section includes: 

a display device for displaying the information as an 
image Signal; and 

an image processing device for replacing an image Signal 
converted by the image Sensor in a period in which the 
imaging optical System is moving Substantially perpen 
dicular to the optical axis with an image Signal obtained 
by the image Sensor before the imaging optical System 
is moved. 

14. A distance-measuring System according to claim 12, 
wherein the presentation Section includes: 

a display device for displaying the information as an 
image Signal; and 

an image processing device for replacing an image Signal 
converted by the image Sensor in a period in which the 
imaging optical System is moving Substantially perpen 
dicular to the optical axis with an image Signal gener 
ated by motion prediction based on an image Signal 
obtained by the image Sensor before the imaging opti 
cal System is moved. 

15. A distance-measuring System according to claim 13 or 
14, wherein the image processing device displays an image 
of an object with a short imaging distance in the State of 
being Surrounded by a frame of a highly recognizable color. 

16. A distance-measuring System according to claim 13 or 
14, wherein the image processing device displays an image 
of an object with a short imaging distance in the State where 
the color thereof is converted into a highly recognizable 
color. 

17. An in-vehicle imager including a distance-measuring 
optical apparatus according to anyone of claims 1 through 6. 

18. An in-vehicle driving Support apparatus including a 
distance-measuring optical System according to any one of 
claims 8 through 15. 


