


Figure 1: Global Coordinate

lens, is at the point O, the center of the coordinate.
It takes pictures while moving along the Z axis in the
positive direction at a constant speed. The optic axis
is on the Z axis. The image of an object in the running
environment is projected on the plane Z = f which is
parallel to the XY plane, where f is the focus length
of the camera lens.

Suppose the r and y axes of the projection plane
coordinate o — vy are parallel to the X and Y axes of
the global coordinate, respectively, The center o is the
joint point of Z axis and the projection plane and the
point P(X,Y, Z) in the global coordinate is projected
to pla, y) on the projection plane.

2.2 Theoretical Analysis

As shown in Figure 1, when point P(X,Y, Z) is pro-
jected to plr,y) on the projection plane, we have the
following equation :
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v and f represent speed and time respectively, Then
we use the hyperbola described with equation (2) as the
slit to create the TSI
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From equations (1) and (2) we can obtain the fol-

lowing equation :
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When X, Z, v and f are constants in equation (3),
the quation represents a line on an y — t plane. When
X and Z are constants, it is a line parallel to the Y axis
in the global space. If we further extract such a line
from the y — t plane, we can compute the inclination
of the line. As shown in equation (3), ¢, v and f are
known and we can derive the X' coordinate of the line.
The Z coordinate can be further derived from equation
(1) using this X coordinate and the y and t coordinates
of some point on the line in the TSL
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Figure 2: Hyperbolic Slit ry = ¢

From the above analysis, we can first use a hyper-
bolie slit to transform the images taken by a moving
camera into a two dimensional spatiotemporal image
and then by line extraction acquire the 3D informa-
tion about the straight lines parallel to the Y axis in
the global space,

If we use the equation (4) instead of equation (2)
for the hyperbolic slit we will get equation (5) instead
of equation (3), where a is a constant. We can see
from equation (5) that just like using equation (2), a
line parallel to the Y axis in the original coordinate
becomes a straight line on the y — t plane. Thus we
can still acquire the 3D information by extracting the
lines from the spatiotemporal image. The introduction
a makes it possible to adjust position of the hyperbolic
position in the o — xy plane.
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In the same way, we can acquire the 3D information
about lines parallel to the X' axis by extracting lines
from the  — 1 spatiotemporal images created with a
Lvperbolic slit.

From equation (3) we can see that lines parallel to
the Z axis in the global space are projected on the
spatiotemporal image as straight lines parallel to the ¢
axis. If we get the coordinates of an intersection point,
the lines parallel to Z axis and Y axis, then the X'
and Y coordinate of the line parallel to the Z axis is
determined.

2.3 Creating Plane Spatiotemporal

Image

Now we discuss how to set a slit in an o — ry plane to
create a PSL. First we can set the ry = ¢ slit in each
image as shown in Figure 2, where ¢ is a constant. We
can set four hyperbolas, two for positive values of ¢ and
two for negative values of c. But they are not closed.
Then arrange the pixels in time sequence on the slit to
create spatiotemporal image.

In such settings, the position of slit ry = ¢ in a
static image is determined only by the parameter c.
Only its distance from the origin varies with the value
of ¢ in the image. Because the four slit lines are not



Figure 3: Hyperbolic Slit a(y+ a) = ¢

Figure 4: Position Change of Slit
xrly 4+ a) = ¢ Caused by a

closed, there should he some objects in the global space
that are not covered by the slits. There is also the case
that some objeets in the moving environment far from
the camera will cross the slits in the image, even these
objects are covered by the slits. These objects are not
clear in the spatiotemporal image. For those reasons,
we use slit r(y +a) = e and y(x + a) = ¢ to create the
TSI. Then we can adjust the values of a and ¢ so that
the slit can be in an appropriate position. Figure 3 is
an r(y + a) = ¢ slit and Figure 4 shows slit positions
adjusted by the parameter a.

2.4 Features of plane spatiotemporal
image

The following stmmarizes the characteristics of the
plane spatiotemporal image created with hyperbolic
slits,

1. 3D spatiotemporal image data are greatly com-
pressed while keeping 3D information of objects.

2. Straight lines parallel to axes in the global space
are projected to straight lines in the plane spa-
tiotemporal image created with a hyperbolic slit
and the 3D information of these lines in the global
space can be obtained by extracting straight tracks
of those lines in the plane spatiotemporal image.
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Figure 5 A Line in A Plane

3. The position of au object in the plane spatiotem-
poral image can be adjusted by changing the value
a and ¢ of the hyperbolic slit.

3 3D Information Acquisition

From the discussion of the previous sections, we can
see that to obtain the 3D information we need to ex-
tract the projection of straight line edges of real world
objects from the spatiotemporal image created from
moving eamera pictures. Many approaches have heen
proposed to extract straight lines from a two dimen-
sional image We use the Hough approach and deseribe
a straight line L with equation (6).

In the equation, # and p are variables that, as shown
in Figure 5, represent angle and distance respectively.
They are finite in an image.

p=uxcosl+ ysing 0<f<n (6)

Based on the diseussion up till now, we can sce
that in the created y — f spatiotemporal image, the
projection of vertical edges of objects are straight lines.

The inclination of the straight line -}‘,‘71- is positive or
negative depending on whether ¢ is positive or negative
and on whether the object is on the left or right side
of the camera. The range of the inclination of the line
can also be approximately determined by the vertical
distance of the object. We further use Hough approach
to determine the line from the plane to acquire the 3D
information.

4 Selection of Slit

There are errors in the process of line extraction from
two dimensional images. In this section we discnss slit
selection with respect to these errors. As an example,
we discuss the case of X coordinate acquisition.

Let # and p be Hough transformation variables. As
discussed previously, the inclinations of lines are nsed
to obtain 3D information of objects.
(5) and (6) we have:

From equation
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Assume that the error in line extraction is A#.
following gives a theoretical analysis.

cot(f) = (7)

The



The error of X caused by the error Af, From equa-
tion (7), we have:

v =y 2
X = — »tan(#) (8)
f
AY) 1 .
| = — — 9
A ¥ cos?(f) (9)
From equation (7), we can also derive:
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From equation (9) and'(10) we can obtain :
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From the above equation we can see that when ¢
equals £X the error of X' caused by the error Af is
minimum. Because X' is unknown we need to estimate
it from the approximate position of objects when we
select hyperbolic slit. if we decided the ¢, then we can
adjust the slit's position via parameter a in the image
to set the slit,

5 Simulation

In our simulation experiment, we first created images of
road as shown in Figure 3. There are many buildings of
different heights along the road. Our purpose is to try
to obtain the 3D information about those buildings.
A hyperbolic slit is set as shown in Figure 3. Then
we created an TSI as shown in Figure 6. From the
image straight lines are extracted as shown in Figure
7. From the information about these straight lines we
have been able to obtain the information about the
buildings beside the road.

6 Conclusion

In this paper, we proposed a method to acquire 3D in-
formation from a two dimensional spatiotemporal im-
age created from images taken with moving camera,
using a hyperbolic slit. This method greatly decreased
the quantity of data while keeping the 3D informa-
tion. It enables us to acquire 3D information by only
extracting straight lines from two dimensional images.

Figure 6: Spatiotemporal Image

Figure 7: Lines Extracted from TSI

We also discussed the selection of hyperbolic slit for
the spatiotemporal images.

As future work, we will investigate other kinds of
camera motions such as rotation and corresponding slit
section methods for spatiotemporal image creation for
3D information acquisition.
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