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ABSTRACT
This paper introduces a room decoration assistance system
that delivers a new interactive 3D service to mobile cus-
tomers. First we analyze the requirements of room deco-
ration system. Then an intelligent solution base on an ef-
ficient 3D reconstruction algorithm and integrated network
are provided. The new approach makes use of the mobility
property of the wireless service and the computing power of
the home multimedia terminal. Visual results on real images
are shown to demonstrate the effectiveness of the new 3D re-
construction algorithm. This new system brings new richly
interactive 3D experience to customers and takes advantage
of the intergraded network such as three screen services to
deliver the service.

Categories and Subject Descriptors
H.4 [Information Systems Applications]: Communica-
tions Applications; I.4 [Image Processing and Computer
Vision]: Applications

General Terms
Algorithms, Design, Experimentation, Performance

Keywords
Room Decoration System, Home Multimedia Terminal, 3D
Reconstruction

1. INTRODUCTION
Due to the fast growing of Internet, more and more web

based interactive services are added to the wireless network.
The voice, data and mobile services are merged to form bun-
dles. The Internet and telecommunications are converged to
provide an elegant and cost-effective way to deliver not only
traditional services but also new interactive and personalized
experience. The customers are also expecting to engage in
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the new multimedia environment. In this paper we intro-
duce a new room decoration assistance system that brings
the integrated service and 3D reconstruction together.

We are looking at room decoration service that will help
customers to have a virtual view of a furniture, which they
want to buy, inside their room. We could go into any furni-
ture store and take a picture of a furniture that may fit the
room using the mobile device. Then the picture is sent back
to home multimedia terminal which has the power of 3D
computing and the 3D image of the room ready. The com-
puter could generate several images with furniture inside the
room based on the furniture image and the information it
already have and send them back to the mobile. There are
two concerns for this service. One is the structure of the
network that could support this service which we think the
integrated service is one of the best candidate for that. The
other is the 3D reconstruction of both the furniture and the
room.

Though better network service could be used for deliver-
ing the service, we still need an efficient, robust and fast
3D reconstruction algorithm to transform images into 3D
objects. 3D object reconstruction from a single image is an
old but very challenging task in computer vision and image
processing research. It is also a very useful technique which
has many applications such as query interface for 3D object
retrieval and 3D photo-realistic scene creation for room dec-
oration, online gaming and so on. Because less information
is available in one view, generally it is an underconstrained
problem. But human could easily perceive underlying depth
information without any difficulty. In this paper, we focus
on an efficient 3D reconstruction of furniture and room from
a single image. Because so far there are no edge detection al-
gorithms that are robust enough to provide information for
3D reconstruction we will employ some human interaction
to solve the problem. As we stated in last paragraph it is
not a problem in bundled service. There are many methods
in literature for 3D reconstruction from one or two images
[1, 2, 3, 4, 5, 6, 7]. The authors of [1, 2] employed intelligent
system method to do single image reconstruction. If we use
these methods we need to build a large database to train the
neural network, which are not favorable in our task for two
reasons, the complexity of the training and the speed of the
reconstruction. Prasad et al. [3] use silhouettes in an image
to reconstruct the object which are not realistic in room set-
ting. The Facade system [4] is built for buildings not indoor
environment and uses two images. Some of the methods
need too many requirements for example the intrinsic pa-
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rameters of the camera. Most methods like [6, 7] need the
camera calibration or compute the vanishing lines or points.
The main difficulty for these methods to be used in room
and furniture reconstruction is that the reconstruction er-
rors may be accumulated during the calibration and vanish-
ing points calculation process. Our approach is a new direct
reconstruction approach with calibration object. Though it
is called calibration object, the role is not the same as in
other methods. We only use it for parameter estimation not
for the camera intrinsic parameter learning. We simplify the
reconstruction process to 12 parameters and one constraint
for equation solving. We use a new summation constraint
which is not sensitive the calculation inaccuracy. The CVX
(Convex Optimization) [8] toolbox is employed to solve the
constrained optimization problem. We also add new con-
straints and interactions to solve the 2D to 3D problem.

The paper is organized as follows. First the network
framework is discussed for the new room decoration service.
In section 3, a new 3D reconstruction method is presented.
Visual effect of the research result is given in section 4 to
show the effectiveness of the algorithm. Finally, a conclusion
is drawn based on our analysis.

2. SYSTEM ARCHITECTURE
Our system solution of room decoration system is based on

the integrated network. There are three main components,
the mobile device, the integrated service network and the
home multimedia center. The service features real-time in-
teraction between the customers and their home computer.
The mobile device with the camera is the client responsi-
ble for capturing the furniture and accessing the integrated
carrier service. For the customer the underlying structure
is not important. It is transparent to them. The service is
simple binary communication protocol over TCP/IP. On the
client side there needs an interface for the customer to ac-
cess his computer and select the right room for the captured
furniture. The mobile device is mainly an interface based
on the mobile phone. It is not a good choice for computa-
tion intensive applications like 3D. The battery will be used
up very quickly and the computation time will be too long
if it is used that way. It has limited computing power and
multimedia ability [10]. Due to the technical difficulty of
the mobile device, the home computer will do the 3D recon-
struction job instead. Home computer will give feed back to
the mobile device. The main concern is the time budget. In
our framework, it will be allocated for image transmission
and 3D processing.

The network structure is described in Fig. 1. The inte-
grated network that mobile device could access is a funda-
mental building block. It could be on the traditional network
setting. For example UMTS or WiMax is at the mobile side
and broad band Internet service is at the other side. The
camera phone is the client terminal which also serves the
function of human computer interaction interface. After we
have the system solution ready, we still need an efficient sin-
gle image 3D reconstruction method to turn the system into
reality.

3. THE ROOM AND FURNITURE 3D
RECONSTRUCTION

A new 3D reconstruction algorithm for room and furniture
that takes advantage of calibration object is investigated.

The reason for using calibration object is to have the relative
size of the object. The procedure is as follows

• Step 1: take a picture of the furniture using a camera
mobile phone and select a picture of the destination
room.

• Step 2: locate the calibration object in both images.

• Step 3: since the exact 3D size of the calibration object
is known, the transform from 2D image to 3D world
coordinate could be estimated in both images.

• Step 4: 3D reconstruction of both the room and the
furniture in the coordinate system of the calibration
object. Since the transform from 2D to 3D is known
in step 3, this step is the reverse process to estimate the
3D position using the transform matix and the pixel
position in the image. We need to add more conditions
in this step because we have more unknowns than the
equations we have.

• Step 5: combine two 3D images together and gener-
ate photo-realistic images with the furniture inside the
room.

Three techniques are applied for 3D reconstruction. The
first technique is the transform parameter estimation from
3D to 2D. This process is called calibration in 3D computer
vision. The second one is learning the 3D position from
2D image by using the parameter we got in the first one.
Usually at least two pictures are needed to find the 3D po-
sition. For example we have two eyes to get the sense of
the dimension. But we could estimate the position using
only one image by adding more constraints or using the in-
telligent system method. In this paper we employ the di-
rect constraint method. The third technique is the object
recognition in image. We will omit this part. Because it
will fall out the scope of this paper. But the interactive
process will help do the task better than existing nonin-
teractive methods. We formulate the scene reconstruction
from single image problem without the calibration process.
It is a two step procedure, the transform matrix learning
and 2D to 3D computation with additional constraints. A
new solution for parameter learning is discussed thereafter.
Then we add a new line constraint for the horizontal plane
reconstruction. Finally, we provide an idea for the complex
problem of the 3D furniture reconstruction problem.

3.1 Single image reconstruction with
calibration object

The perspective projection is the most widely used geo-
metrical perspective from 3D to 2D image [9]. The perspec-
tive transform is shown in Fig. 2.

A point in the world coordinate, the camera coordinate
and the corresponding point in image coordinate system is
represented by p. The position of the point in the world coor-
dinate is (X, Y, Z). The position in the camera coordinate is
(x, y, z). And the position of the point in the image is (c, r).
The focal length of the camera is denoted by f . According
to the perspective projection, the relationship between the
camera and the image position is as follows,

c/f = x/z,

r/f = y/z. (1)
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Figure 1: System Architecture of Room Decoration Assistance System.

Figure 2: The Perspective Projection

The transform from the world coordinate to the camera co-
ordinate could be written in the following equations,
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coordinate. M is a 3 by 4 transform matrix to be estimated.
The relationship between the world and the image will be

c/f =
m11 ∗ X + m12 ∗ Y + m13 ∗ Z + m14

m31 ∗ X + m32 ∗ Y + m33 ∗ Z + m34

,

r/f =
m21 ∗ X + m22 ∗ Y + m23 ∗ Z + m24

m31 ∗ X + m32 ∗ Y + m33 ∗ Z + m34

. (3)

To simplify the problem, we will omit the common factor
f . f will be a constant inside the matrix M and will not
affect our estimation and reconstruction process. So we will
have following two basic equations for the transform from
world to image.

c =
m11 ∗ X + m12 ∗ Y + m13 ∗ Z + m14

m31 ∗ X + m32 ∗ Y + m33 ∗ Z + m34

,

r =
m21 ∗ X + m22 ∗ Y + m23 ∗ Z + m24

m31 ∗ X + m32 ∗ Y + m33 ∗ Z + m34

. (4)

If we want to reconstruct from a real image to 3D world, the
first task is estimating the transform matrix M .
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3.2 3D to 2D parameter estimation with
a new constraint

The transform matrix estimation is a traditional calibra-
tion problem. Calibration object is used for quick and real
time solution. Most calibration algorithms divide parame-
ters to two distinct classes, intrinsic and extrinsic parame-
ters. We will not differentiate between these two type of
parameters since they are parts of matrix M . This will not
affect the reconstruction process. The SVD (Singular Value
Decomposition) method with a new constraint is applied to
solve this simplified calibration problem. For example if we
know the position of 3D point (0, 0, 0) in image is (c0, r0),
based on equations (4), M could only be

M =

0

@

m11 m12 m13 c0 ∗ m34

m21 m22 m23 r0 ∗ m34

m31 m32 m33 m34

1

A .

Because only two equations (4) are used, to estimate all 12
coefficients of M at least the positions of 6 points in both
3D world and 2D image should be known. A cubic calibra-
tion object as shown in Fig. 3(f) with 37 points available is
employed in our experiment. Three orthogonal planes in dif-
ferent colors (red, green and blue) of the calibration object
are used as X,Y and Z plane of the world coordinate sys-
tem. The 37 points are the corner points around the 15 color
squares. After we have these points, the problem becomes
an over determined linear optimization problem that could
be solved by using SVD. Because zero is always a solution of
these equations, one more constraint is needed for the calcu-
lation. A constraint m34 = 1 is wildly used. This constraint
is sensitive to the calculation precision. If the correct m34

is a lot bigger or smaller than other coefficients, the estima-
tion could be far from the right answer. To further improve
the accuracy, a more robust constraint for this estimation
process is needed. Our new constraint is that the summation
of all coefficients equals one, m11+m12+. . .+m33+m34 = 1.
This constrained problem is solvable by convex optimization
method.

The perspective matrix M is found using 37 points of the
calibration object in 3D and 2D as a reference. After the
transform matrix M is estimated, the next question is how
to find the 3D position in the world coordinate given the 2D
position of an image pixel. 2D to 3D is an under determined
problem. We need to find different additional constraints in
different cases.

3.3 Room reconstruction (2D-3D)
In this section the reconstruction process of a room corner

from a single image is discussed. There are two assumptions.
One is that the room corner has several walls and one floor.
The walls are perpendicular to the floor. This is common
room circumstances. The other one is that we have a calibra-
tion object in the scene so we could estimate the transform
matrix and know the exact size of the space. The whole pro-
cedure is as follows. We put the calibration object on the
floor. The calibration object have the points as we discussed
in the last section in the world coordinate system. We sup-
pose the top corner point of the object is (0, 0, 0). We have
three orthogonal planes with different color squares (The
object is built in favor of the calibration object searching).
The first cross point of the line between the red square and
green is (1, 0, 0) and the others are easily obtained.

3.3.1 Floor reconstruction
The image position (c, r) of the floor is known and the

transform matrix M is found after the calibration process.
The goal is to recover 3D position (X, Y, Z) of the floor. The
floor reconstruction is much easier because the calibration
object is on the floor. The distance from the point (0, 0, 0)
of the calibration object to the floor could be found because
the height of the calibration object is known. For example,
the distance is Z = z0. It is the additional constrain in this
case. Two unknown X and Y and two equations (4) are in
this problem. The problem is solved easily using SVD by
two equations as follows,

c ∗ m34 − m14 = (m11 − c ∗ m31) ∗ X +

(m12 − c ∗ m32) ∗ Y +

(m13 − c ∗ m33) ∗ z0,

r ∗ m34 − m24 = (m21 − r ∗ m31) ∗ X +

(m22 − r ∗ m32) ∗ Y +

(m23 − r ∗ m33) ∗ z0, (5)

if (m11 − c ∗ m31) ∗ (m22 − r ∗ m32) 6=
(m12 − c ∗ m32) ∗ (m21 − r ∗ m31).

3.3.2 Wall reconstruction
The image position (c, r) of the walls and the transform

matrix M are known. How could we find the position of
the point in 3D for the wall? We have two fundamental
equations,

c =
m11 ∗ X + m12 ∗ Y + m13 ∗ Z + m14

m31 ∗ X + m32 ∗ Y + m33 ∗ Z + m34

,

r =
m21 ∗ X + m22 ∗ Y + m23 ∗ Z + m24

m31 ∗ X + m32 ∗ Y + m33 ∗ Z + m34

.

The following equation could be used as two constraints.
„

c ∗ m34 − m14

r ∗ m34 − m24

«

=

„
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0

@
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The transform parameters are all known after the calibration
process. Now there are three unknowns and two equations
available. One more constraint is needed for solving this
reconstruction problem. The line between the wall and the
floor could be recognized. The line lies on the wall. The
plane of the wall could be defined by one equation of this
line because it is parallel with one axis of the calibration
coordinate system. For example the wall is parallel to the Z
axes, the line is defined by two equations l = a ∗ X + b ∗ Y
and Z = z0. The wall could be defined by the same equation
l = a ∗ X + b ∗ Y . This equation is the addition constraint
in this case. Now we have following three equations,

c ∗ m34 − m14 = (m11 − c ∗ m31) ∗ X +

(m12 − c ∗ m32) ∗ Y +

(m13 − c ∗ m33) ∗ Z,

r ∗ m34 − m24 = (m21 − r ∗ m31) ∗ X +

(m22 − r ∗ m32) ∗ Y +

(m23 − r ∗ m33) ∗ Z,

l = a ∗ X + b ∗ Y. (6)
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The three unknowns (X, Y, Z) is solvable as long as the
matrix

0

@

m11 − c ∗ m31 m12 − c ∗ m32 m13 − c ∗ m33

m21 − r ∗ m31 m22 − r ∗ m32 m23 − r ∗ m33

a b 0

1

A

is not singular.
The problem is that we need to recognize and locate the

line in the image precisely and reconstruct the line using
the equations (5) since it is also on the floor. The user input
can help in this problem. If two points or more are known
on the line, the parameters (l, a, b) could be estimated. The
selection of these two points could be done using user inputs.
Or otherwise the automatic wall and floor recognition could
be used and the line between them could be found.

3.4 Furniture reconstruction
Furniture reconstruction is far more complex than an empty

room corner. They have different shapes and different sizes.
Instead of dealing with various kind of furniture, we sim-
plify the problem by only reconstructing the bounding box
around the furniture. From a single image only part of the
furniture could be seen based on one image. For the part
not available in the image scene, model based estimation
and synthesis could be done based on the image parts we
already have. In order to reconstruct a specific furniture we
put the calibration object on the surface of one horizontal
plane of the furniture. Then the same as the room case, all
points on this plane are solvable with their image positions.
After the plane is reconstructed, the boundary around this
furniture plane will help us reconstruct vertical plans. If
the bounding box around the furniture could be selected by
hand, the reconstruction is straightforward based on the im-
age information of the surface points. Anyway, user inputs
and the regular relationship of different parts of the furni-
ture could be used in the reconstruction process for more
complex cases.

4. VISUAL EFFECT AND DISCUSSION
An example of monocular 3D reconstruction is presented

to prove the effectiveness of the 3D reconstruction algorithm.
In the parameter estimation process, the new CVX [8] tool-
box of Matlab is employed to solve the convex optimization
parameter learning. Reconstruction results of one room cor-
ner and one furniture of a real scene Fig. 3(a)(c) are ob-
tained in real time as shown in Fig. 3(b)(d) respectively.
It is expressed in real world coordinates (inches) by VRML.
The user inputs are involved in selecting the bounding box
around the furniture and the lines between the wall and
the floor. It is computed in a fast and efficient way using
home computer. The computation time is about 20 seconds
for the furniture reconstruction in Matlab using a 2GHz HP
home multimedia computer with 1G RAM. Finally, the com-
bination result of the two reconstructions is shown in Fig.
3(e). The furniture width is about 24 inches and the wall
is about 32 inches. It could be seen the furniture is of the
right size for the room corner. Most 3D reconstruction al-
gorithm only have the relative size in one scene and do not
have the real size for the combination of two scenes. The
size is required for the home decoration system. Our 3D
reconstruction method is a new and effective approach for
the room decoration system.

It is plausible to do the 3D reconstruction in real time
using ordinary home computer. Actually according to Fig.
1, it is in seconds for the actual image acquisition and the
whole communication process between camera phone and
the home computer. Especially in integrated service net-
work, it not only could save the processing time but also
is cost efficient. The total time for the whole process is in
seconds which meets the need for the real time service.

5. CONCLUSIONS
A smart room decoration assistance system is proposed in

this paper. First the main difficulties of room decoration and
furniture placement for the ordinary customer are analyzed.
Then we exploit the problem of room reconstruction, fur-
niture reconstruction and furniture placement. Due to the
interactive nature of the problem and the fact of less com-
puting power of mobile device, we propose a new solution
for smart room decoration assistance application. The new
system takes advantage of the powerful computing power
of the new home multimedia computer and the mobility of
wireless handset devices. An efficient monocular 3D recon-
struction technique which could be used for intelligent home
decoration is also introduced.

A straightforward perspective transform expression be-
tween the world coordinate and image coordinate system
is discussed. After adding a new constraint we could eas-
ily recover the coefficients of the transform matrix with the
help of the calibration object. Using these coefficients and
the planar constraints, we could reconstruct the wall and
the floor of the room and also the bounding box around the
furniture. 3D positions are calculated accordingly and by
using the calibration object we could know the exact size of
the furniture and the room. The process is efficient and ap-
propriate for real time furniture buying assistance service.
An example with visual effect is provided to demonstrate
the visual effectiveness of the method.

By analyzing the problem of the room decoration, this
paper presents a new efficient single image reconstruction
technique of indoor scenes and a new system solution for
furniture buying assistance. This method is a new solution
for a common service. Future work may include the recon-
struction of more complex furniture and the whole room
automatically. We believe the same methodology could be
applied to virous kind of services that could further broaden
the scope of integrated network like three screen services.
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(a) (b)

(c) (d)

(e) (f)

Figure 3: (a) A room corner image. (b) The 3D reconstruction result of the image(a). (c) A furniture image
(d) The 3D reconstruction result of the image(c). (e) The 3D result of the furniture(c) in the room corner(a).
(f) The calibration object.
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