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(57) ABSTRACT 

Pattern projection apparatuses are placed on each other in a 
Stack manner in a Stripe pattern direction for projecting the 
same patterns. An image pickup apparatus (camera 1) is 
placed between the pattern projection apparatuses. The 
optical axes of the pattern projection apparatuses and the 
image pickup apparatus are aligned on the Same plane 
parallel with the Stripe pattern direction. On the plane, the 
principal points also become the same. An image of a Stripe 
pattern is picked up directly by the image pickup apparatus 
without the intervention of a half mirror, etc., and is recoded. 
An image of the recoded Stripe pattern is picked up by an 
image pickup apparatus (camera 2) and is decoded and the 
range of an object is measured by triangulation based on 
image correspondence points. 
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RANGE FINDER AND METHOD 

0001. The present disclosure relates to the subject matter 
contained in Japanese Patent Application No. 2002-248034 
filed on Aug. 28, 2002, which is incorporated herein by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The invention relates to a three-dimensional image 
pickup art based on a triangulation technique for picking up 
a pattern projection image provided by applying pattern light 
to a measurement object from different directions by one or 
a plurality of image pickup device and obtaining a range data 
based on pattern change. 
0004 2. Description of the Related Art 
0005. As a technique of acquiring a three-dimensional 
shape, active vision and passive vision are available. The 
active vision includes (1) a technique of emitting laser light 
or a ultraSonic wave, measuring reflected light amount from 
an object or arrival time at the object, and extracting depth 
information, (2) a pattern projection method of using a 
Special pattern light Source Such as Stripe light to estimate an 
object shape from image information Such as geometric 
change of an object Surface pattern, (3) a method of forming 
contour lines based on moire fringes by optical processing 
and obtaining three-dimensional information. On the other 
hand, the passive vision includes monocular Stereoscopic 
Viewing for estimating three-dimensional information from 
one image using knowledge concerning object viewing, 
light Source, lighting, Shadow information and the like, and 
twin-lens Stereoscopic viewing for estimating depth infor 
mation of each pixel based on the triangulation principle. 
0006 Generally, the active vision has higher measure 
ment accuracy than the passive vision, but often has a Small 
measurement range because of limit of a light projection 
device and the like. On the other hand, the passive vision is 
a general-purpose technique and has leSS restriction on an 
object. The invention relates to the pattern projection 
method of a range finder of the active Vision. 
0007. In the pattern projection method, reference pattern 
light is projected onto an object and an image is picked up 
from a different direction from a projection direction of the 
reference pattern light. The picked-up pattern image is 
deformed by the shape of the object. The observed defor 
mation pattern and the projection pattern are related to each 
other, whereby range finding on the object can be conducted. 
The pattern projection method involves a problem of how to 
lessen erroneous correspondence in relating the deformation 
pattern and the projection pattern to each other and easily 
relate the deformation pattern and the projection pattern to 
each other. Then, various pattern projection techniques 
(space coding method, moire, color coding) have been 
proposed. 
0008 As a typical example of the Space coding, a propo 
sition disclosed in JP-A-5-3327375 will be discussed. An 
apparatus in the example has a laser light Source, a lens 
System, a Scanner, a camera, and a controller. The lens 
System shapes laser light into a slit form. The Scanner applies 
and Scans the shaped laser light to and over an object. The 
camera detects reflected light from the object. The controller 
controls the components. 

Mar. 4, 2004 

0009 Laser light application portions and laser light 
non-application portions form Stripes on the object by the 
laser light Scanned from the Scanner. AS the laser light is 
applied according to different patterns, the object is divided 
into N identifiable portions. It is determined which division 
portion each pixel of the image of the object picked up by 
the camera from different positions is contained in, whereby 
the shape of the object can be calculated. 
0010. In the example, to raise the resolution, it becomes 
necessary to perform laser Scanning two or more times and 
pick up an image by the camera two or more times. For 
example, when a full screen is divided into 256 regions (256 
resolution levels), it becomes necessary to pick up an image 
eight times. Thus, it becomes difficult to pick up an image 
of an object moving fast and further the image pickup 
System needs to be reliably fixed during Scanning. There 
fore, even if the apparatus itself becomes simple, it is 
difficult to easily pick up an image. 
0011. As a technique for decreasing number of pattern 
light projection times, a color coding method disclosed in 
JP-A-3-192474 is available. In the color coding, letting q 
and k be predetermined natural numbers of two or more, a 
coded pattern is controlled So that using q or more colors, 
two adjacent Stripe light beams do not become the same 
color and color alignment produced by kadjacent Stripe light 
beams appears only once. Stripe colors are detected from the 
observed image. Stripe numbers are acquired from the color 
alignment of the corresponding Stripes. The Stripe applica 
tion directions can be calculated from the Stripe numbers and 
the range data can be calculated as with the example of the 
Space coding. 

0012 However, in the color coding, codes are restored 
from the coding pattern list and thus there is a problem of 
large calculation amount of restoring the codes. Further, in 
a case of dividing an area into 256 regions using three colors 
of R, G, and B, it is necessary to know alignment of eight 
Stripe light beams Surrounding the Stripe whose code is to be 
known. Therefore, the color coding Suits only for measure 
ment of a shape in which Stripes can be continuously long 
observed. 

0013 As a technique for easily restoring stripes and 
further projecting a coded pattern once, a Space coding 
method disclosed in Japanese Patent No.2565885 is avail 
able. In Japanese Patent No.2565885, there are provided 
three or more kinds of gradation areas using light and shade 
of a ternary value or more, or three or more colors, or a 
combination of light and shade with color. Also provided is 
a multi-valued lattice plate pattern disposed So that at least 
three kinds of gradation areas contact one another at an 
interSection point of boundary lines of the gradation areas. 
Main codes, which conform to the kind and order of 
gradations, are generated at an interSection point of pro 
jected images resulting from projection of pattern to an 
object to be measured, to touch the interSection point. A 
combined code obtained by combining the main codes with 
each other is used as a feature code for identification of the 
previous interSection point. 
0014. However, in the above described system, coding is 
broken depending on the object to be measured and it may 
be made impossible to correctly relate codes to each other. 
Projected pattern row may be recognized with missing 
pattern row photographed by a camera or an inverted pattern 
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row may be obtained depending on the Structure of the 
photographed object. It becomes difficult to relate because of 
change in the projected pattern and photographed pattern 
row depending on the shape of the object, the reflection 
factor of the object, etc. 
0.015. In the color coding, this problem is circumvented 
by using a technique in which decoding is not performed for 
a pattern having a possibility of loSS or inversion of Stripe 
when Stripes are grouped at the decoding time. In the Space 
coding method, a two-dimensional pattern is used to 
decrease the possibility of the error described above, but the 
Same error will occur depending on the object on principle. 
Therefore, the above-described system can provide excellent 
accuracy in photographing (image pickup) in Special cir 
cumstances in a laboratory or in circumstances where the 
objects are limited, but the accuracy is degraded in general 
photographing (image pickup) circumstances where the 
objects are not limited. 
0016. The applicant proposed a range finder, which does 
not depend on the object by feeding back a projected pattern 
and generating new code (JP-A-2000-9442, JP-A-2000 
65542, and U.S. Pat. No. 6,356,298 corresponding to JP-A- 
2000-65542). The proposition will be discussed below: 
0017 FIG. 15 shows the general configuration of a range 
finder disclosed in JP-A-2000-65542. FIG. 16 shows a 
positional relationship between a light Source and image 
pickup devices of the range finder. 

0018. In the configuration shown in FIG. 16, a range 
finder includes three cameras 101 to 103 and a projector 104. 
Distances 11, 12, and 13 in the figure are made equal So that 
the distance relationship among the cameras matches. The 
first camera 101 and the projector 104 are placed so that 
optical axes match using a half mirror 105 as a beam splitter. 
The second camera 102 and the third camera 103 are placed 
on both sides of the first camera 101 and the projector 104 
So that the second camera 102 and the third camera 103 
differ from the first camera 101 and the projector 104 in 
optical axis. A distance between the optical axis at the center 
and that on either Side is base line length L. 
0019. The projector 104 has a light source 106, a mask 
pattern 107, a strength pattern 108, and a prism 109. An 
invisible-region light Source using infrared or ultraViolet 
light can be used as the light Source 106. In this case, each 
camera is configured as shown in FIG. 17. That is, incident 
light 310 is split in two directions through a prism 301. One 
is incident on an image pickup apparatus (for example, a 
CCD camera) 303 through an invisible-region (infrared or 
ultraviolet) transmission filter 302. The other is incident on 
an image pickup apparatuS 305 through an invisible-region 
(infrared and ultraviolet) cut-off filter 304. 
0020. A light source having a wavelength range capable 
of picking up an image regardless of a visible region or an 
invisible region may be used as the light source 106 shown 
in FIG. 16. In this case, a CCD camera of progressive scan 
type is used as the first camera 301 and the Second camera 
102 and the third camera 103 may be of any configuration. 
However, considering compatibility with the first camera 
101, CCD cameras of the same configuration as the first 
camera 101 are desirable. A pattern is projected from the 
light source 106 and the three cameras (101 to 103) pick up 
an image at the same time. Each camera acquires an image 
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in batch by obtaining the light passing through the filter 302, 
304 (see FIG. 17) in the image pickup apparatus 303, 305. 
0021. The configuration of the range finder will be dis 
cussed with reference to FIG. 15. As shown in the figure, the 
Second camera 102 Stores brightness information provided 
by picking up an image in brightness value memory 121 and 
Stores an image pickup pattern in pattern image memory 
122. Likewise, the third camera 103 stores brightness infor 
mation in brightness value memory 123 and Stores an image 
pickup pattern in pattern image memory 124. The first 
camera 101 Stores brightness information in brightness value 
memory 125 and Stores an image pickup pattern in pattern 
image memory 126. To reference a coded pattern, which is 
prepared in advance, later, the projector 104 divides each slit 
into cells on a Square lattice for Storage in frame memory 
127. 

0022. Using the Stored image pickup patterns and bright 
neSS information, a three-dimensional image is obtained as 
follows: The following operation is common to both a 
combination of the second camera 102 and the first camera 
101 and a combination of the third camera 103 and the first 
camera 101 and therefore will be discussed by taking the 
combination of the second camera 102 and the first camera 
101 as an example. 

0023. In FIG. 15, an area division section 128 performs 
area division of an image pickup pattern picked up by the 
first camera 101. The area division section 128 extracts an 
area with the Strength difference between adjacent slit pat 
terns being a threshold value or less as an area 1 where light 
from the projector does not reach, and extracts an area with 
the Strength difference between adjacent Slit patterns being 
the threshold value or more as an area 2. A recoding Section 
129 recodes the extracted area 2 using the image pickup 
pattern Stored in the pattern image memory 126 and the 
projection pattern Stored in the frame memory 127. 

0024 FIG. 18 is a flowchart for recoding. First, each slit 
pattern is divided in a longitudinal direction for each slit 
width (Step S11) to generate Square cells. The strengths of 
the generated cells are averaged and the average value is 
adopted as the strength of each cell (step S12). A comparison 
is made between each of cells of the projection pattern and 
each of corresponding cells of the image pickup pattern with 
respect to the Strength in order Starting at the center of the 
image. Then whether or not the strength difference between 
the cells is more than a threshold value because of change in 
pattern caused by the reflection factor of the object, the 
range data to the object, and the like is determined (Step 
S13). If the strength difference between cells is not more 
than the threshold value, the recoding is terminated for all 
picked-up image cells (step S17). 
0025 If the strength difference between the cells is more 
than the threshold value, whether or not the cell of the image 
pickup pattern is a cell having new Strength is determined 
(step S14) If the cell of the image pickup pattern is a cell 
having new strength, new code is generated and assigned 
(step S15). If the cell of the image pickup pattern is not a cell 
having new Strength, coding is performed using a slit pattern 
alignment of other part (step S16). The recoding is now 
complete (step S17). 
0026 FIGS. 19A to 19C show a coding example of a slit 
pattern; FIG. 19A shows a projection pattern coded based 
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on a slit alignment, and 3 (Strong), 2 (medium), and 1 (weak) 
are assigned as the strength. In FIG. 19B, the strength is 
changed in the third cell from the left and a new code 
appears. Thus, new code of 0 is assigned. In FIG. 19C, an 
existing code appears in the third cell from the left, the 
Second cell from the top. Thus, recoding is performed in 
Such a manner that the vertical alignment is 232 and the 
horizontal alignment is 131 as new code from the cell 
alignment. This recoding is equal to light projection of a 
complicated pattern Such as a two-dimensional pattern to a 
part of the object shape rich in change and light projection 
of a simple pattern to apart leSS in change. This process is 
repeated for assigning unique codes to all cells, thereby 
performing recoding. 

0.027 FIG. 20 shows an example of projecting a coded 
pattern onto a plate 606 placed in front of a wall 605 using 
cameras 601 to 603 and a projector 604. The coded pattern 
is a slit pattern shown in FIG. 21. At this time, areas 801 and 
901 as shadows of the plate 606 occur in images provided by 
the cameras 601 and 602, as shown in FIGS. 22 and 23. In 
the example, on the Surface of the plate 606, a slit pattern as 
shown in FIG. 24 is provided as a new coded pattern. 
0028 Referring again to FIG. 15, a decoding section 130 
of the Second camera 102 extracts the image on which the 
projection pattern is pick up from the pattern image memory 
122 and divides the image pickup pattern into cells in a 
Similar manner to that described above. Using the codes 
provided by the recoding Section 129, a decoding Section 
130 detects the code of each cell and calculates slit angle 0 
from the light source based on the detected codes. FIG. 25 
is a drawing to show a range calculation method in the Space 
coding. Range Z is calculated according to the following 
expression (1) from the slit angle 0 of the cell to which each 
pixel belongs, the X coordinate on the image picked up by 
the Second camera 102, focal distance F of a camera 
parameter, and base line length L. 

0029. The range Z is also calculated in a similar manner 
in a decoding section 131 of the third camera 103. 
0.030. For the area 1 described above, the rage is calcu 
lated as follows: In the area 1, pattern detection based on the 
projected pattern cannot be executed and thus a correspon 
dence point Search Section 132 detects a parallax using the 
brightness information read from the brightness value 
memories 121, 123, and 125 of the cameras 101 to 103, and 
calculates the range based on the detected parallax. For areas 
except the area 1, the range is calculated by performing the 
above-described operation and thus the minimum value of 
the range of the area 1 is obtained and the pixels, which can 
be related, are also limited. Using the limitation, the pixels 
are related to each other and parallax d is detected and using 
pixel Size ), of a camera parameter, the range Z is calculated 
according to the following expression (2): 

0031. With the range information provided by using the 
first camera 101 and the third camera 103 in combination 
according to the technique described above, range informa 
tion of the area 801 as the shadow of the plate shown in FIG. 
22 cannot be detected. On the other hand, with the range 
information provided by using the first camera 101 and the 
Second camera 102 in combination, range information of the 
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area 901 as the shadow of the plate shown in FIG. 23 cannot 
be detected. That is, the Shadow areas are areas blocked by 
the plate that light does not reach, and cannot be measured 
according to the System. Therefore, range information is 
found for areas other than the shadow areas. That is, a range 
information integration section 133 in FIG. 15 acquires 
range information for all pixels of the image of the first 
camera 101 (FIG. 26), namely, pixels other than the shad 
OWS from the range information calculated in the pair of the 
first camera 101 and the second camera 102 and the range 
information calculated in the pair of the first camera 101 and 
the third camera 103. The range information provided by 
performing the described operation is related to brightness 
image of the first camera 101, for example, for Storage in 
three-dimensional memory, whereby three-dimensional 
image pickup is performed. 
0032. The description of the contents of the related art 
(JP-A-2000-65542) is now complete. 
0033. The range finder described in JP-A-2000-9442, 
JP-A-2000-65542 projects a projection pattern coded 
according to a plurality of Strengths and a plurality of 
wavelengths. At this time, the projection pattern is changed 
by the effects of brightness information, material, and the 
like of the Subject and when a three-dimensional shape is 
calculated, an error occurs and an appropriate three-dimen 
Sional shape cannot be measured. Thus, the range finder 
includes the monitor image pickup device placed at the same 
principal point as the projection element, monitors change in 
a projection pattern based on measured object information, 
performs recoding, and measures a three-dimensional shape. 
0034. In the configuration, however, making the same the 
principal points of the projection element and the image 
pickup device is indispensable for recoding, to do this, a 
beam splitter Such as a half mirror is used to match the 
principal points of the projection element and the image 
pickup device. 
0035) If a half mirror or the like is used to match the 
principal points, the light projected from the projection 
element is attenuated through the half mirror. The pattern 
projected onto the measured object is attenuated in bright 
neSS through the half mirror and is input to the image pickup 
device. It is assumed that ideally the half mirror can dis 
tribute at 50:50 at an angle of 45 degrees. The measured 
object is observed with an attenuation of 25% as compared 
with a case where light from the projection element is 
projected directly on the measured object and the measured 
object is observed on the image pickup device. In the range 
finder in the related art, as shown in FIG. 16, the half mirror 
intervenes between the image pickup device intended for 
recoding and the image pickup device for shape measure 
ment. Because of the effect of the half mirror, double 
brightness difference occurs on principle between the mea 
Sured object observed on the image pickup device for shape 
measurement and the measured object observed on the 
image pickup device intended for recoding. 
0036 Further, in the pattern projected from the projection 
element, pattern unevenneSS is also caused due to optical 
passage difference before and after being Split, film thick 
neSS unevenness of the application material of the half 
mirror and the like. A light Scattering produced by dirt, dust, 
or the like on the half mirror also occurs in coaxial image. 
0037 Thus, if information with the projection pattern 
changed by Subject information is recoded in the monitor 
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image pickup device, the image is not provided Strictly 
under the same condition as the image observed on the 
image pickup device for shape calculation and therefore 
precision degradation of shape measurement is caused. 
0.038 Further, as for the dynamic range of image pickup 
device, if image pickup devices of the same characteristics 
are used, it is difficult to drive the monitor and measurement 
image pickup devices under the Same condition, and deg 
radation of precision of measurement caused by recoding 
OCCS. 

SUMMARY OF THE INVENTION 

0.039 According to the invention, to solve the problems, 
a combination of a projector for projecting a coded pattern 
and an image pickup device for monitoring is formed 
without using a beam Splitter or a half mirror. 
0040. The combination of the projector and the image 
pickup device is called projection System. AS the coded 
pattern, a Stripe pattern ideally orthogonal to an epipola line 
of the projection System and an image pickup device for 
shape measurement is projected. The range finder in JP-A- 
2000-9442, JP-A-2000-65542 performs recoding by match 
ing the principal points of the projector and the image pickup 
device of the projection System with each other. To perform 
recoding, optical match in the direction orthogonal to Stripes 
is required. That is, the principal points of the projector and 
the image pickup device of the projection System need to 
match in the direction orthogonal to the Stripes. 

0041. In the invention, attention is focused on this point 
and preferably two or more projectors are placed on each 
other in the same direction as the Stripes of the Stripe pattern 
projected by the projection element So as to project the same 
pattern. At this time, the projectors are placed So that the 
Stripe images shift depending on the Subject. The principal 
point positions in the direction orthogonal to the Stripe 
direction are matched between the projectors and the image 
pickup device for recoding is placed therebetween. Accord 
ing to the configuration of the projection System described 
above, it is made possible to match the principal points of the 
image pickup device for recoding and the projector without 
the need for the intervention of an optical device Such as a 
half mirror or a beam splitter, So that a range finder free of 
the effect of image degradation, etc., affected by placing a 
half mirror or a beam splitter can be provided. 
0.042 Since the principal points of the projector and the 
image pickup device of the projection System need only to 
match in the direction orthogonal to the Stripe direction, the 
number of projectors may be reduced to only one. 
0043. To the end, according to one aspect of the inven 
tion, there is provided a range finder including a projector 
for projecting a coded Stripe pattern, a first camera for 
picking up an image of the Stripe pattern projected by the 
projector, the first camera placed So that a principal point of 
the first camera and a principal point of the projector are 
placed along a length direction of the Stripe pattern; and a 
Second camera for picking up an image of the Stripe pattern 
projected by the projector, the Second camera placed So that 
a principal point of the Second camera and the principal 
point of the first camera are placed away from each other in 
a direction not parallel to the length direction of the Stripe 
pattern. An area with change amount of the Stripe pattern, 
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which is picked up by the first camera, with respect to the 
Stripe pattern projected by the projector being a predeter 
mined value or more is determined. A new code is assigned 
to the area. The Second camera picks up a recoded Stripe 
pattern projected by the projector after the new code is 
assigned. Range information of a three-dimensional object 
onto which the Stripe pattern is projected is generated based 
on the recoded Stripe pattern picked up by the Second 
Caca. 

0044 Preferably, the principal point of the second camera 
and the principal point of the first camera are placed on the 
Same line along the direction perpendicular to the length 
direction of the Stripe pattern. However, the principal points 
of the first and Second camera may be placed on the same 
line forming a predetermined angle other than the right 
angles with the length direction of the Stripe pattern. 

0045. In the configuration, it is not necessary to place a 
half mirror or a beam splitter between the projector and the 
image pickup device (first camera) of the projection System 
as described above, So that image degradation can be cir 
cumvented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0046. In the accompanying drawings: 

0047 FIG. 1 is a plan view to show a range finder of an 
embodiment of the invention; 

0048 FIG. 2 is a perspective view to show the range 
finder of the embodiment of the invention; 

0049 FIG. 3 is a drawing to describe the relationship 
between the principal point of pattern projection apparatus 
and the principal point of an image pickup apparatus for 
monitoring in the range finder of the embodiment of the 
invention; 

0050 FIG. 4 is a side view of the range finder of the 
embodiment of the invention to describe projection and 
picking up of a pattern image; 

0051 FIG. 5 is a drawing to describe an observation 
image of an image pickup apparatus (camera 1) when a 
screen is at position 0 in FIG. 4; 

0052 FIG. 6 is a drawing to describe an observation 
image of the image pickup apparatus (camera 1) when the 
screen is at position + in FIG. 4; 

0053 FIG. 7 is a drawing to describe an observation 
image of the image pickup apparatus (camera 1) when the 
screen is at position - in FIG. 4; 

0054 FIG. 8 is a drawing to describe the relationship 
between the range finder of the embodiment of the invention 
and Subject (two flat plates); 

0055 FIG. 9 is a side view of the apparatus and subject 
in FIG. 8: 

0056 FIG. 10 is a drawing to describe an observation 
image of the image pickup apparatus (camera 1) in the 
example in FIG. 9; 

0057 FIG. 11 is a side view when only pattern projection 
apparatus (projector 2) is installed in FIG.8; 
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0.058 FIG. 12 is a drawing to describe an observation 
image of the image pickup apparatus (camera 1) in the 
example in FIG. 11; 
0059 FIG. 13 is a side view when only pattern projection 
apparatus (projector 1) is installed in FIG.8; 
0060 FIG. 14 is a drawing to describe an observation 
image of the image pickup apparatus (camera 1) in the 
example in FIG. 13; 
0061 FIG. 15 is a block diagram to show a configuration 
example of a range finder in a related art; 
0.062 FIG. 16 is a drawing to show a camera configu 
ration example of the range finder in the related art in FIG. 
15; 
0.063 FIG. 17 is a drawing to describe the image pickup 
configuration of the range finder in the related art in FIG. 15; 
0.064 FIG. 18 is a flowchart to show a processing flow of 
the range finder in the related art in FIG. 15; 
0065 FIGS. 19A to 19C are drawings to show a coding 
example of a projection pattern of the range finder in the 
related art in FIG. 15; 
0.066 FIG. 20 is a drawing to describe the image pickup 
configuration of the range finder in the related art in FIG. 15; 
0067 FIG. 21 is a drawing to show a projection pattern 
example of the range finder in the related art in FIG. 15; 
0068 FIG. 22 is a drawing to show an example of a slit 
pattern photographed by a third camera 103 of the range 
finder in the related art in FIG. 15; 
0069 FIG. 23 is a drawing to show an example of a slit 
pattern photographed by a Second camera 102 of the range 
finder in the related art in FIG. 15; 
0070 FIG. 24 is a drawing to show an example of a new 
coded slit pattern in the range finder in the related art in FIG. 
15; 
0071 FIG. 25 is a drawing to show a range calculation 
method according to a Space coding method of the range 
finder in the related art in FIG. 15; and 
0.072 FIG. 26 is a drawing to show an example of a slit 
pattern photographed by a first camera 101 of the range 
finder in the related art in FIG. 15. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.073 Referring now to the accompanying drawings, 
there is shown a preferred embodiment of the invention. 
0.074 FIG. 1 is a top view of a range finder according to 
an embodiment of the invention. FIG. 2 is a drawing of 
Viewing the range finder from the Slanting top thereof. In the 
embodiment, two pattern projection apparatus (also called 
projectors) are used. As the pattern projection apparatus, for 
example, commercially available projectors for projecting 
an image onto a Screen can be used. 
0075. In the embodiment, generation of a coded stripe 
pattern, monitor of a coded Stripe pattern, re-coding based 
on the monitor, and triangulation are similar to those in the 
related arts previously described with reference to FIGS. 15 
to 26 and therefore will not be discussed again. 
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0076. In FIGS. 1 and 2, the range finder includes two 
pattern projection apparatus (projectors) 10 and 11, an image 
pickup apparatus (camera 1) 12, and an image pickup 
apparatus (camera 2) 13 for triangulation. The image pickup 
apparatus 12 monitors a pattern on the same optical axis as 
the projectors 10 and 11. The term “same optical axis' 
mentioned here means that optical axes of the pattern 
projection apparatus 10 and 11 and the image pickup appa 
ratus 12 for monitoring are arranged in the same plane along 
pattern Stripes. 
0077 Basically, as with the related art example, the stripe 
patterns projected by the pattern projection apparatuS 10 and 
11 are observed from the image pickup apparatus (camera 1) 
12 at the same principal point, recoding is performed, and a 
range image is calculated using the image observed on the 
image pickup apparatus (camera 2) 13 for measurement. AS 
the recoding is performed, error-free, highly accurate mea 
Surement is made possible. AS the projection apparatus, 
projectors or laser Stripe projection Systems are used. 

0078. In the embodiment, as shown clearly in FIG.2, two 
pattern projection apparatus 10 and 11 are placed on each 
other in a Stripe pattern direction for projecting the same 
pattern, and the image pickup apparatus (camera 1) 12 is 
placed between the pattern projection apparatus 10 and 11. 
Consequently, as shown in FIG. 3, the principal points of the 
lenses in a spread direction of the Stripe image are matched 
and recoding is performed. The image pickup apparatus 
(camera 2) 13 is place So that a principal point of the image 
pickup apparatus (camera 2) 13 and a principal point of the 
image pickup apparatus (camera 1) 12 are placed away from 
each other in a direction not being parallel to a Stripe pattern 
direction (in this case, in a direction Substantially perpen 
dicular to the Stripe pattern direction). 
0079 A specific description is given. FIG. 4 is a side 
View of the range finder. Placed up and down are the pattern 
projection apparatus 10 and 11 and placed therebetween is 
the image pickup apparatus (camera 1) 12. The pattern 
projection apparatus 10 and 11 are placed in a manner 
generally called a projector Stack manner for the up and 
down projection apparatus to project the same patterns onto 
a Screen (position of 0) with image free of distortion or shift. 
AS a Stripe pattern, a pattern as shown in FIG. 5 is projected 
and the same Stripe patterns are projected and Superposed up 
and down. A case that the Screen Shifts back and forth is 
considered. If the Screen shifts in the plus direction, namely, 
shifts to the front, the images of the up and down projection 
apparatus do not match. As shown in FIG. 6, the portion 
where the optical paths of the up and down projectors 
overlap becomes a similar pattern to that in FIG. 5; however, 
in the portion where the optical paths of the up and down 
projectors do not overlap, the brightness is as much as that 
of one projection apparatus and thus an image as shown in 
FIG. 6 is projected at the position of +. If the screen shifts 
in the minus direction, namely, shifts to the back, Similarly 
an image as shown in FIG. 7 is projected. Recoding is 
performed for the purpose of eliminating erroneous recog 
nition caused by change in the Stripe pattern based on object 
information (Such as color of an object, density of an object, 
gloss of a Surface of an object, and reflectivity of an object) 
and the like. Change in the density distribution in the Stripe 
direction with the stripe shape maintained as in FIGS. 6, 7 
does not involve any problem as long as recoding is per 
formed. 
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0080 A description is given based on a specific measured 
object. FIG. 8 is a schematic drawing to conduct measure 
ment with two flat plates arranged in front of the range finder 
of the invention. FIG. 9 is a side view thereof. An image of 
the image pickup apparatus (camera 1) 12 observed accord 
ing to the configuration is as shown in FIG. 10. That is, a 
projection pattern of only either of the projection apparatus 
is projected onto the Shadow portion of the front flat plate. 
ASSuming that only either of the projection apparatus 10 and 
11 exists as shown in FIG. 11 or 13, the shadow of the front 
flat plate is reflected on the rear flat plate and an area where 
no stripe pattern exists occurs as shown in FIG. 12 or 14. As 
shown in FIG. 10, even if either of the projection apparatus 
cannot project a Stripe pattern because of the Shadow of the 
measured object, the image of the Stripe pattern of either of 
the projection apparatus can be picked up in the image 
observed on the image pickup apparatus (camera 1) 12, and 
it is also made possible to execute recoding. 
0081. According to the described configuration, the 
image recoded in the image pickup apparatus (camera 1) 12 
and checked on the image pickup apparatus (camera 2) 13 
can be used to calculate a range image based the principle of 
triangulation. 
0082 In the example, two pattern projection apparatus 
are installed, but three or more pattern projection apparatus 
may be installed. Only one pattern projection apparatus may 
be placed. In this case, a portion where no pattern is formed 
occurs and it is made impossible to relate based on code as 
for the portion and it is made impossible to perform range 
calculation of the portion. In this case, processing of inter 
polating using the nearby range or the like may be per 
formed. Alternatively, the object and the range finder may be 
moved relatively for making it possible to conduct measure 
ment on an unmeasurable portion. 
0.083 Shape measurement using the pattern projection 
apparatus 10 and shape measurement using the pattern 
projection apparatuS 11 may be conducted Separately and the 
measurement results may be made complementary to each 
other. That is, making adjustment So that the Stripe patterns 
of the two up and down pattern projection apparatus 10 and 
11 are completely Superposed on each other as in the 
embodiment requires considerable accuracy and a consid 
erable number of Steps. In contrast, number of Steps of 
adjustment of principal point matching between the pattern 
projection apparatus and the image pickup apparatus is 
Small. Then, the pattern projection apparatuS 10 and 11 
project patterns Separately, and shape measurement using 
the image pickup apparatus (camera 1) 12 and the image 
pickup apparatus (camera 2) 13 is conducted in each pattern 
projection. A Shadow is produced in each of the pattern 
projection apparatus 10 and 11 and Some shape measure 
ment cannot be conducted. However, the shape portion 
produced in the pattern projection apparatuS 10 differs from 
that produced in the pattern projection apparatus 11 and thus 
if both the shape measurement results are combined, the 
complete shape measurement result can be provided. Thus, 
if the user (operator) does not stick to one image pickup and 
shape measurement Sequence, easy and complete shape 
measurement can be conducted. 

0084. This measurement will be described in more detail. 
0085. At first, principal points of the image pickup appa 
ratus (camera 1) 12 and the pattern projection apparatuses 
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10, 11 are placed along a length direction of the Stripe pattern 
with the pattern projection apparatuses 10, 11 Sandwiching 
the image pickup apparatus (camera1) 12 therebetween. The 
image pickup apparatuses (cameras 1, 2) 12, 13 are disposed 
So that the principal point of the image pickup apparatus 
(camera 1) 12 and a principal point of the image pickup 
apparatus (camera 2) 13 away from each other in a direction 
not parallel to the length direction of the Stripe pattern. 
Under this State, shape measurement using the pattern pro 
jection apparatus 10 and Shape measurement using the 
pattern projection apparatus 11 are conducted Separately. 
That is, the pattern projection apparatus 10 and the pattern 
projection apparatus 11 are driven to project Stripe patterns 
in different time periods. Then, an area is determined, with 
change amount of the Stripe pattern, which is picked up by 
the image pickup apparatus (camera 1) 12, with respect to 
the Stripe pattern projected by the pattern projection appa 
ratus 10 being a predetermined value or more. A new code 
is assigned to the area. The image pickup apparatus (camera 
2) 13 picks up a recoded Stripe pattern projected by the 
pattern projection apparatus 10 after the new code is 
assigned. First range information of a three-dimensional 
object onto which the Stripe pattern is projected is generated 
based on the recoded Stripe pattern picked up by the image 
pickup apparatus (camera 2) 13. Then, the pattern projection 
apparatus 11 projects the Stripe pattern to obtain Second 
range information in a similar manner. That is, an area is 
determined, with change amount of the Stripe pattern, which 
is picked up by the image pickup apparatus (camera 1) 12, 
with respect to the Stripe pattern projected by the pattern 
projection apparatus 11 being a predetermined value or 
more. A new code is assigned to the area. The image pickup 
apparatus (camera 2) 13 picks up an image of a recoded 
Stripe pattern projected by the pattern projection apparatus 
11 after the new code is assigned. Then, the Second range 
information of the three-dimensional object onto which the 
Stripe pattern is projected is generated based on the image of 
the recoded Stripe pattern picked up by the image pickup 
apparatus (camera 2) 13. Finally, the first range information 
and the Second range information are combined to form total 
range information. 
0086 As described above, according to the invention, the 
need for a half mirror or a beam splitter used with the 
measurement apparatus in the related art is eliminated and 
problems of brightness difference, a light Scattering caused 
by dirt, dust, etc., and the like caused by a Substance placed 
between a pattern projection apparatus and an image pickup 
apparatus do not occur on principle, So that more accurate 
measurement is made possible. 

What is claimed is: 
1. A range finder comprising: 
a projector for projecting a coded Stripe pattern; 
a first camera for picking up an image of the Stripe pattern 

projected by the projector, the first camera placed So 
that a principal point of the first camera and a principal 
point of the projector are placed along a length direc 
tion of the Stripe pattern; and 

a Second camera for picking up an image of the Stripe 
pattern projected by the projector, the Second camera 
placed So that a principal point of the Second camera 
and the principal point of the first camera are placed 
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away from each other in a direction being not parallel 
to the length direction of the Stripe pattern, 

wherein an area with change amount of the Stripe pattern, 
which is picked up by the first camera, with respect to 
the Stripe pattern projected by the projector being a 
predetermined value or more is determined; 

wherein a new code is assigned to the area; 
wherein the Second camera picks up a recoded Stripe 

pattern projected by the projector after the new code is 
assigned; and 

wherein range information of a three-dimensional object 
onto which the Stripe pattern is projected is generated 
based on the recoded Stripe pattern picked up by the 
Second camera. 

2. The range finder according to claim 1, 
wherein the projector is at least one projector; 
wherein the principal point of all the projector and the 

principal point of the first camera are placed along the 
length direction of the Stripe pattern; and 

wherein the coded Stripe pattern projected from all the 
projector is matched with each other. 

3. The range finder according to claim 2, 
wherein total number of the projectorS is two; and 
wherein the two projectors are placed So as to Sandwich 

the first camera therebetween. 
4. The range finder according to claim 1, wherein texture 

information of a Surface of the three-dimensional object onto 
which the Stripe pattern is projected is generated from the 
image of the Stripe pattern picked up by the first camera. 

5. A three-dimensional image pickup method comprising: 
providing a projector for projecting a coded Stripe pattern, 

a first camera and a Second camera each for picking up 
the Stripe pattern projected by the projector, 

determining an area with change amount of the Stripe 
pattern, which is picked up by the first camera, with 
respect to the Stripe pattern projected by the projector 
being a predetermined value or more, 

assigning a new code to the area; 
picking up a recoded Stripe pattern projected by the 

projector after the new code is assigned by the Second 
camera; and 

generating range information of a three-dimensional 
object onto which the Stripe pattern is projected based 
on the image of the recoded Stripe pattern picked up by 
the Second camera, 

wherein a principal point of the first camera and a 
principal point of the projector are placed along a 
length direction of the Stripe pattern; and 
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wherein the principal point of the first camera and a 
principal point of the Second camera are placed away 
from each other in a direction not parallel to the length 
direction of the Stripe pattern. 

6. A three-dimensional image pickup method comprising: 
providing a first projector and a Second projector each for 

projecting a coded Stripe pattern, and a first camera and 
a Second camera for picking up images of the Stripe 
patterns projected by the first projector and the Second 
projector; 

placing a principal point of the first camera and principal 
points of the first projector and the Second projector 
along a length direction of the Stripe pattern; 

placing the two projectors to Sandwich the first camera 
therebetween; 

placing the principal point of the first camera and a 
principal point of the Second camera away from each 
other in a direction not parallel to the length direction 
of the Stripe pattern; 

driving the first projector and the Second projector to 
project Stripe patterns in different time periods; 

determining an area with change amount of the Stripe 
pattern, which is picked up by the first camera, with 
respect to the Stripe pattern projected by the first 
projector being a predetermined value or more; 

assigning a new code to the area; 
picking up a recoded stripe pattern projected by the first 

projector after the new code is assigned by the Second 
Camera, 

generating first range information of a three-dimensional 
object onto which the Stripe pattern is projected based 
on the recoded Stripe pattern picked up by the Second 
Camera, 

determining an area with change amount of the Stripe 
pattern, which is picked up by the first camera, with 
respect to the Stripe pattern projected by the Second 
projector being a predetermined value or more; 

assigning a new code to the area; 
picking up an image of are coded Stripe pattern projected 

by the Second projector after the new code is assigned 
by the Second camera; 

generating Second range information of the three-dimen 
Sional object onto which the Stripe pattern is projected 
based on the image of the recoded Stripe pattern picked 
up by the Second camera, and 

combining the first range information and the Second 
range information to form total range information. 
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