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Abstract

We present here a movel approach to aug-
ment destination environments with objects cut
from source environments(without prior infor-
mation), rather than augmenting 3-d models,
which allows us to create virtual environments
augmented with real objects such that the user
cannot tell the difference between the real world
and the virtual augmentation of it.

The current work models the source objects as
planes. A modified version of the ray tracing al-
gorithm was developed which renders the destina-
tion environment using these planar objects and
also the possible occluding planes in the desti-
nation environment. These planes in the desti-
nation environment were modelled using single
view 3d reconstruction methods.

1 Introduction

In the past few years, Virtual Environments
(a.k.a. Virtual Reality) have attracted a great
deal of attention. In Augmented Reality, the
user can see the real world around him, with
computer graphics superimposed or composited
with the real world. The ultimate goal is to cre-
ate a system such that the user can not tell the
difference between the real world and the virtual
augmentation of it. To the user of this ultimate
system it would appear that he is looking at a

single real scene.

1.1 Previous Work

Previous work involves augmenting 3-d mod-
els into destination environments, using vision
based position tracker. A limitation of these ap-
proaches is that they are limited to only aug-
menting already available 3-d models into des-
tination environment and do not permit aug-
menting free objects from any source environ-
ment without any prior information.[1]

2 Extracting the source objects

Before augmenting the destination environment
with a source object, we need to extract the ob-
ject from the source environment. This is imple-
mented by an extremely general and automised
process.

2.1 Background subtraction

This technique is extremely general if the back-
ground in which the object moves is known be-
forehand. The process involves simply subtract-
ing from each frame the background frame, giv-
ing the source object as a result. The technique
is further be enhanced for better results by us-
ing continuity analysis and extracting the largest
connected component.



2.2 Extracting the Texture

Once the background subtraction is done, we
need to extract the texture of the objects from
each frame. This can be done by clicking the
bounding points of the source object in the orig-
inal frame, and applying the homography thus
obtained to the background subtracted frame.
The hand-clicking needs to be done only on the
first frame and a tracker can be used for the fol-
lowing frames.

3 Processing the destination

environment using interac-

tive methods

If the source object in the source environment
is moving on a planar trajectory, we should
be able to make it move in a similar planar
trajectory in the destination environment so
that the augmented environment looks as real
as possible.

Thus to correctly paste the source object into
the destination environment and to handle other
problems like occlusion, we need to know 3-d
information of the planes(note that we have
used only planar modelling presently) on which
we want the object to move(the corresponding
ground plane of the destination encironment),
and those of the possible occluders.

3.1 Calibrating The Destination envi-
ronment

The above objective is obtained by calibrating
the destination environment using a simple inter-
active 3-D reconstruction from a single view[3].
This calibration enables determination of 3-D co-

ordinates of some points of interest by interactive
mehods. This information can then be used to
determine the equations of the planes of interest.
The camera Matrix that obtained above is used
for rendering the final augmented environment
using a modified version of the ray-tracing algo-
rithm.

3.2 Sparse 3-D modellling of possible
occluders

The augmented object may be occluded by some
of the objects of the destination environment. As
the no. of such occluders tends to be quite low,
it is not a bad idea to model these, and later ren-
der these along with the source object, so as to
handel occlusion effectively. We have modelled
the occluders as planes which is a reasonable as-
sumption as long as the trajectory of the aug-
mented object does not go inside through these
possible occluders.

The modelling involves:

1. Extracting the texture of possible occluding
objects.

2. Determination of 3-D co-ordinates of points
of possible occluding objects, to determine
its plane equation.[3]

4 Registration of source and
destination environments

To map the trajectory of motion of the source
object from the source environment to destina-
tion environment, we need to do some interac-
tive registration. This interactive method gives
complete flexibility in choosing the plane of tra-
jectory in the destination environment. For e.g.



registering a ground plane of the source envi-
ronment with the ceiling or may be a wall in
the destination environment will make an object
moving in the ground plane in the source envi-
ronment to move on the ceiling or on a wall in
the destination environment.

4.1 Registration of

ground planes

corresponding

This involves clicking of 4 corresponding points
on the (virtual)ground planes of the 2 environ-
ments. This registration will give us a homog-
raphy between the source and destination (vir-
tual)ground planes, say hom_source_dest.
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Figure 1: registration

This registration is also used to find another
homography matrix, between the above des-
tination plane and an imaginary plane with
corners at (0,0), (1,0), (0,1) & (1,1), say
hom_implane2Gplane. This functionality of
these homographies are explained later.

4.2 Registration of destination
ground plane’s 3-D co-ordinates

The 3-D co-ordinates of the above points of the
destination ground planes can be found using the
single view reconstruction method[3]. Let the
3-D co-ordinates of these points in the clicking

order be m, m, m, m

4.3 Determination of height of the ob-
ject in the destination environ-
ment

The height of the object in the destination envi-
ronment cannot be find from the above method
due to the constraints of the single view recon-
struction method, and has to be found through
indirect method like inspection, or by keep-
ing the aspect ratio constant, or comparing the
height of an object kept in both the source and
destination environments.

5 Determination of object
plane in the destination
environment

Due to constraints of the single view reconstruc-
tion method, we can determine this plane only
upto 2 degrees of freedom, i.e. we cannot de-
termine the inclination of this plane with the
ground plan. We force the 3rd degree of free-
dom from the assumption that the object plane
is perpendicular to the ground planes of the 2
environments.



5.1 Determination of 3-D co-
ordinates of a point in desti-
nation environment from its
pixel co-ordinates in the source
environment

The problem is to find the 3-D co-ordinates of
a point in the destination environment, given its
pixel co-ordinates in the source environment.
Let the pixel co-ordinates be @'.

(1)

The corresponding pixel co-ordinates(in ho-
mogenous co-ordinates) of the pointv? in the des-
tination image are given by the following equa-

tion:
v
1

The matrix hom_implane2Gplane found
above in Section 4.1 can be used to find the co-
ordinates of v2 in a local co-ordinate system at-
tached to the destination ground plane registered
in Section 4.1. This point ﬁ(in homogeneous co-
ordinates) is given by:

v2 = H_source_dest ( (2)

(3)

The corresponding cartesian co-ordinates are
given by;

03 = hom _implane2Gplane x 02

V3
v = V3 /v3 where v3= | v3, (4)
v3y/v3; 03

Given the vectors m, m, m, m eval-
uated in Section 4.2, the 3-D co-ordintes of the

point 1?), corresponding to @ in the destination
environment is given by:

05 = p00 + 04, (p10—p00) + v, (pO1—p00) (5)

v4,
v4y,

5.2 Determining the bounding quadi-
lateral

,where vd = <

We need to find the bounding quadilateral in the
destination environment to which the texture of
the source object goes. This needs to be found
by finding the corresponding 3-D co-ordinates
of the bounding points evaluted in Section 2.2,
but since the above method allows determina-
tion only for points in the ground plane of the
source image, the 3-D co-ordinates of points not
in the ground plane are evaluted by adding the
height determined in Section 4.3 in a direction
perpendicular to the ground plane of the desti-
nation environment, to the 3-D co-ordinate of a
corresponding ground plane point.

6 Rendering

Once the determination of object plane in the
destination environment, and sparse modelling
of possible occluders is done, we have the com-
plete information for rendering the augmented
environment. A modified version of the ray-
tracing algorithm has been developed, which is
very effective for rendering of planar objects.
Given n planes in some world co-ordinate sys-
tem & the camera Mx, in the same co-ordinate
system, the problem is to render the image that
the camera will view.



We present a simple approach which is a modi-
fication of the ray-tracing algorithm:

Let K, R, t, be the camera parameters of the
destination environment obtained by the calibra-
tion in Section 3.1

6.1 Determination of equation of
plane

The bounding points of the object plane were de-
termined from Section 5.2 and eq. 5, and those
of the possible occluders were determined in Sec-
tion 3.2.

Once we know any 4 points of the plane, the
equation of the plane is easily determined. We
denote the equation of the k** plane by the 4-

tuple {ag, bg, cx, dy.}-

6.2 Determination of image to world
plane Homographies

This homography for the i*" plane, Hj is deter-
mined by the following relation.

H; = K[R — tn}/d;] (6)

,where[n; d;] = [a, by ¢ di]

6.3 Determination of corresponding
3-D points of a pixel in different
planes

Given a pixel and a plane, we want to determine
the 3-D co-ordinate of the point, whose image
the pixel would have been if no body occluded
the point.

6.3.1 Determination of ray vector corre-
sponding to a pixel co-ordinate and
a plane

Let X be a point on some plane with the image to
world plane homography H. Then the pixel co-
ordinate [u v 1J*(in homogeneous co-ordinates)
are given by

n
v = HX
1

(7)

As the homogenous co-ordinates are equiva-
lent upto a scale, the inverse homography H~!
applied on the pixel co-ordinates will give a ray
in direction parallel to the X vector. Let

u
D=H"1'| v
1

(8)

6.3.2 Calculating the 3-D co-ordinates

Now given this direction vectorD, we can find
the exact 3-D co-ordinates of the correspond-
ing point in a given plane. Let the vector co-
ordinates of 3 points in plane(in the order they
were clicked), be r00, r10 & r01. Let

x =110 — r00 9)

y =r01 —r00 (10)

Then

r00 + ax + by = kD (11)

for some a, b, k where (a, b) are the co-ordinates
of the points in the local co-odrinate system of
the plane(assuming x and y to be the unit vec-
tors), and k is the scale factor for the direction
vector.

Representing these vectors as column vectors,
ie.



00, Ty Yz
r00 = TOOy , X = Ty y Y = Yy )
r00, Tz Yz
D,
D=| D,
D.

the above equation transforms to:

700, Ty Yo D,
r00y, [+a| zy |+b0| y, | =k| Dy
r00, T, Ys D,
(12)

i.e.

Ty Yr —Dz 100, a

Ty Yy —Dy 100, b | =0 (13)

T, vy, —D, 700, k

Solving the above equation with normal SVD,
we obtain the values of a, b, k.

Thus the corresponding points X of a pixel (u,v)
in a plane is given by:

X = kD (14)

6.4 Determination of closest point

To render the final image, we want to determine
for each pixel, the plane from which the point
actually came.

The camera centre is given by

C = —R't; (15)

The distance, d; of the 3-D co-ordinate X; cor-
responding to the i*" plane(obtained in equation-
14) from the camera centre then follows;

dj=X;-C (16)

Thus
di = [|d| (17)
Clearly the plane with the minimum d; will fi-
nally appear on the image. The 3-D co-ordinates
of the pixel corresponding to this plane gives
the point that is actually seen in the image.
Note: Before using the above procedure it is also
checked whether the point lies in the bounding
quadilateral of a plane and only then it is con-
sidered for the minimisation. Thus there may
not exist any modelled plane to which the pixel
corresponds, in which case the original texture
is kept.

6.5 Pasting the texture information

Once the 3-D point and plane corresponding to
a pixel is known, we need to bring in the texture
of that point and paste it onto this pixel.

Let (a,b) be the co-ordinates of the point in the
local co-ordinate system of the plane obtained
from equation-13. This information can be used
to determine the texture value from the textures
of the planes that were cut before.

The above procedure when applied to each pixel
of the destination environment gives the final
augmented image.

7 Experimental Results

We have implemented the approach described in
this paper and applied it to create virtual envi-
ronments from wide variety of target images and
a source video. Only three of these results are
presented in this section but higher resolution
images and videos can be found online [3]. We
encourage the reader to peruse these results on-
line to better gauge the quality of the our work.



We experimented with a video of a person mov-
ing in a laboratory scene(shown below). Objects
which can be modelled using a plane are easy to
augment using our approach. In the experiment
shown in fig 8 , instead of having single destina-
tion image we had a video with still camera but
a movie being played on a desktop. We can sup-
port this unless the moving objects in the des-
tination do not interfere with new object added
otherwise we have to model the moving objects
in the destination video also using same tech-
nique as used for original object.The first image
of fig 8 shows a single frame of the environment
where the person is to be augmented.The second
image shows a frame of augmented environment.
In experiment 1(fig 8) 4 planes were modelled
in the destination image for occlusion handling.
The rest of the procedure was similar to ex-
periment 2. The person was extracted and aug-
mented on a per frame basis. We worked on 110
frames(of source video) and required 25 - 100 sec-
onds per frame depending on number of planes
modelled. The overall manual hand clicking of
points required 2 minutes.

In experiment 3 we made the person walk on the
ceiling of the lab. This was done trivially by reg-
istering the ceiling with the ground plane. The
rest of the procedure was similar to rest of the
experiments.

8 Conclusion

We have presented a simple interactive method
for augmenting real moving objects in a still
scene using planar assumption for object as well
as occluders.In this paper, it was argued that
a reasonable amount of user interaction is suffi-
cient to create high-quality virtual environments
from a destination image and a source video

with planar assumptions on the occluders and
the moving objects.

There are a number of interesting avenues for
future research in this area. An important ex-
tension would be to device a sceme to generate
3D models of objects from some set of images
and make the object move the way user specifies
instead of modelling them as planes.
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Figure 2: A frame of the source movie

We extracted the person from the video as explained in Section 3. Then it was augmented in
various destination environmnents. The results(only single frame of the augmented video shown
here) are shown below alongwith the corresponding destination image.



Figure 3: Experiment 1

Figure 5: Experiment 3



