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ABSTRACT 

This paper describes a method to extract 3-D 
information from two cameras in the scene on which 
mu l t i p le s t r ipes are projected. Though a s ingle 
camera cannot i den t i f y each s t r i pe in a scene and 
i t s image when d i scon t i nu i t i es of each s t r i pe 
occur, w i th one more camera which our method 
employs the ident i f icat ion problem can be solved, 
because multiple stripes and two cameras give two 
constraints. One is the geometric constraint which 
gives the necessary condition for ident i f icat ion of 
each s t r i pe . Another is the loca l constra int that 
features between images l i e in constant order. 
After applying the geometric cons t ra in t , u t i l i z a 
t ion of the local constraint enables ident i f icat ion 
of each s t r i pe in a scene and i t s image. As a 
resu l t , range data are obtained along mul t ip le 
s t r i pes. 

We also give a new method for computing camera 
parameters of 6 degrees of freedom which influence 
accuracy of 3-D in format ion. They are derived 
mathematically by seeing the known cube. 

1. INTRODUCTION 

The importance of 3-D informat ion in robot ics 
has been widely recognized. One approach is to 
measure the distance on the basis of the tr iangula-
t ion p r inc ip le from the d ispar i t y of two images 
taken at two d i f f e ren t pos i t i on , which is we l l 
known as stereo v i s ion . This method has long been 
studied; however, it has a few problems; one is 
detecting features which are easily recognized in 
both images [1] , [2] and the other is finding corre
spondence of those fea tu res between both 
images[2],[3]. 

On the other hand, the structured l i g h t method 
which replaces one of the cameras in stereo vision 
by a spot or a sheet of l i g h t pro jector solves the 
above problems[A], However, t h i s technique needs 
much time to ext ract range data of the en t i re 
image, because a sheet of l i g h t must be scanned 
across the scene. 

In t h i s paper we project mu l t i p le s t r i pes . In 
t h i s method, however, one image cannot inform of 
i d e n t i f y i n g each s t r i pe in a scene and i t s cor re
sponding image when discontinuit ies of each str ipe 
occur; for example, when the object is concave or 
occlusion occurs between objects. In order to iden
t i f y each s t r i pe in a scene and i t s image, our 
method employs one more camera in addi t ion to a 
l i g h t pro jector and a camera. Then epipolar l i nes 
which two cameras produce on both images and mul t i -
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pie sheets of l igh t yield the geometric constraint, 
which gives the necessary condition for ident i f ica
t i on of each s t r i pe . In add i t i on , under a cer ta in 
condition which is described later , the local con
straint is useful, which means that some features 
on epipolar l ines l i e in constant order between 
both images. Using the loca l const ra in t a f te r the 
geometric constraint, we can ident i fy each str ipe 
between a scene and i t s image. 

It is important to determine the camera parame
ters precisely, because they influence the accuracy 
of the computed value of 3-D pos i t i on . Gennery[5] 
determined the most su i tab le camera parameters 
which minimize the sum of the errors over the known 
matching points. However, applying Gennery's method 
requires that the i n i t i a l estimate is f a i r l y accu
rate. Provided an uncertain i n i t i a l estimate, th is 
method may obtain the incorrect camera parameters 
as the most su i tab le ones. On the other hand, our 
method calculates the camera parameters mathemati
cally from the image of a known cube. Therefore our 
method does not need the i n i t i a l estimate and can 
obtain the camera parameters automatically[61. 
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point pk must correspond to the in te rsec t ion be
tween the epipolar l i n e and the s t r i pe pattern in 
the l e f t image as same as the intersection r in the 
r i gh t image. The others (pk-]» Pk+1»••»Pk+x) d i s 
tr ibute on the epipolar l ine and few of them J ike 
a Pk+m in Fig.4 may correspond to the intersection 
between the epipolar l ine and a stripe which should 
not match wi th the one of s t r ipes invest igated on 
the r ight image. These project ions (Pk»Pk+m,....) 
corresponding to the in tersect ions in the l e f t 
image, which contain a true and a fa l se , are 
treated as matching candidates. 

Therefore the geometric constraint cannot match 
a l l of them, but rejects false matching candidates 
remarkably. 

3.3 The local constraint 

On the ordinary scene, l e f t and r ight images may 
exchange the order of some features on two epipolar 
l ines only when some objects exist in front and in 
the rear in the scene. Fig.5 shows the top view of 
t h i s s i t ua t i on . Assuming that the point Pi on the 
surface of the object P w i l l project onto both 
images, the sub-object Q, which exchanges the order 
of l ines containing Pj and the other features on 
the epipolar lines in the l e f t image and the r ight 
one, should l i e in the latera l ly striped region R2 
in Fig.5. At the same time Q occludes some features 
in the checked region R3 on e i ther of images. In 
Fig.5 the order of the point P] and i t s neighboring 
features is exchanged between the le f t image and 
the r i gh t one by Q. 

however, the greater Q is , the larger region is 
occluded by Q. Then a set of the point Pi and i t s 
neighboring features whose order is exchanged 
becomes smaller and at last P] may be occluded too. 
On the other hand, under the condi t ion that the 
angle made of op t i ca l axes of l e f t and l i g h t 
cameras is very small, the la tera l ly striped region 
R2 becomes narrow. 

From the above considerat ions, it can be said 
that exchange of the order occurs only when a very 
small object ex is ts in f ront of the larger object, 
and str ipe pattern is projected on it.(However, in 
real scenes actua l ly s t r i pe pattern w i l l seldom 
appear on i t . ) Therefore we can use monotony of 
order for correspondence, that is the order of 
appearing features on the epipolar l ines is not 
exchanged for the l e f t image and the r igh t one. 
Similarly if a projector l i e in the neighborhood of 
a camera, the locaJ constraint should be effective 
between l ight planes and stripes in the image. 

Fig.5 A counter-example of the local constraint. 

3.4 Finding correspondences 

F i r s t of a i l , l i nes of sight through in tersec
t ions between an epipolar l i ne and s t r ipes of a 

r ight image are drawn. Then crossing points between 
l i g h t planes and l ines of sight are treated as 
candidates for ident i f icat ion. 

Secondly the geometric constraint reduces a lo t 
of improper candidates, using the le f t image 
to project a l l crossing points. Then the local 
constra int is applied to the rest of candidates, 
that is when one s t r ipe in the r igh t image has 
plural candidates as a corresponding l ight plane, a 
candidate which is out of l i ne wi th candidates of 
neighboring stripes must be canceled. For example, 
le t a s t r i pe image rj and neighbors have the f o l 
lowing candidates: 

then candidates Sk for ri should be satisf ied with 

This procedure keeps running u n t i l each s t r i pe 
in the r i gh t image corresponds to the only one 
l i g h t plane or a number of candidates does riot-
decrease. 

4. EXPERIMENTAL RESULTS 

4.1 Camera parameters 

A cube in Fig.6 is used for determination of 
camera parameters. Three edges of a cube denote 
X,Y,Z axes in the object coordinates system. 

In order to verify a camera parameter obtained 
by our method, a calculated parameter is compared 

Fig.6 The cube for determination of 
camera parameters. 

Fig.7 The experiment to examine a camera 
parameter 3 derived by our method. 
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condi t ion for i d e n t i f i c a t i o n of each s t r i pe . This 
constra int can cer ta in ly reduce most of fa lse 
matching candidates. Another is the local con
s t ra i n t that some features on epipolar l ines be
tween both images l i e in constant order. The local 
constraint can reduce almost a l l of false matching 
candidates which the geometric constraint does not 
happen to remove. From the experimental results, we 
confirmed effectiveness of the above constraints. 

This method may be used not only for stat ic but 
also for dynamic scenes because the depth informa-
tion can be obtained at one TV frame time. 

wi th a measured one using the rotary table(F i g.7) 
as shown in Table 1. Because the ro ta t ing axis of 
the table is made to correspond to Y axis of the 
cube, rotation angle ft around Y axis becomes inde
pendent of the others. 

4.2 Extraction of 3-D position 

The th inning images of the objects from two 
cameras are shown in Fig.8. Then a pair of epipolar 
lines is drawn on the l e f t image and the r ight one. 
Al l crossing points between l ight planes and lines 
of s ight from the r i gh t image are projected onto 
the l e f t epipolar l i ne (Fig.9). Since one of them 
matches with an in te rsec t ion between the l e f t 
epipolar l ine and a stripe image in Fig.9, ident i 
f icat ion between the l ight plane and i ts image has 
accomplished. In case of p lu ra l candidates, the 
local constraint works successfully for reduction 
of them. 

Fig.10 shows that some 3-D positions calculated 
from iden t i f i ed s t r ipes map onto the hor izonta l 
plane. Accuracy about the height is less than 2.5% 
against the visual f i e l d . 

6. CONCLUSIONS 

We have presented a method for ext ract ion of 
range data in the scene on which mu l t ip le s t r ipes 
are projected. This method combines the structured 
light, method with stereo image one. 

At f i r s t , the camera parameters were automat
ica l ly computed by seeing the known cube. Secondly, 
in order to identify each str ipe in a scene and i t s 
image, we u t i l i z e d two const ra in ts . One is the 
geometric const ra in t , which gives the necessary 


