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Abstract—In this paper, we explore a marker-based method for 
placement of 3D objects in an indoor scene for the purpose of 
previewing décor changes. Objects are placed in the scene using 
OpenGL using a MATLAB vanishing point calculation 
algorithm. This technique allows users to specify orientation and 
placement of the object via placement of a physical marker and 
allows for color balance correction on the 3-D object. We also 
conducted preliminary exploration into wall detection and 
coloring techniques. 
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I.  INTRODUCTION  

A. Motivation 

Online retailers have historically been unable to compete 
with local retailers in their inability to allow users to visualize 
the product in person. Clothing retailers such as Lands’ End 
have created customizable virtual models so that online 
shoppers can visualize the fit and size of clothing items. 
However, customizable models are not feasible for the 
simulation of decor changes and furniture additions, due to the 
variation in room types, sizes, and existing furniture 
configurations. Subtleties such as color matching to existing 
fixtures are also difficult to replicate in a simulated 
environment. 

     For this reason, an augmented reality mobile application 
is an ideal candidate for allowing customers to visualize the 
addition of a furniture element or decor changes such as wall 
painting. The use of easy to print paper markers would allow 
for easy use in the home for a broad base of users and also 
allows for accurate sizing.  

B. Perspective Projection and Vanishing Point 

Perspective projection corresponds to the way human eyes 
look at a scene. Unlike orthographic projection, in a 
perspective projection, objects in the distance appear smaller 
than objects close by and parallel lines will appear to intersect. 

Theoretically, after a perspective projection, all parallel 
lines in one direction will intersect at one point, which is called 
the vanishing point. The vanishing points for all possible line 
orientations will form one straight line-- the horizon.  

On an image, if two vanishing points of two orthogonal 
directions are known, then a perspective projection matrix and 

a view matrix can be calculated. The perspective projection 
matrix reflects the transform a 3D object undergoes under a 
perspective projection, and the view matrix reflects the 
transform a 3D object undergoes due to different positions and 
orientations of the camera. OpenGL can use the perspective 
projection matrix and the view matrix as input and render a 3D 
model into a scene with correct perspective projection and 
object position so that the object conforms to the perspective 
lines present in the scene. 

C.  Extensions for Android Application 

To expand upon the interior design applications of this 
project, we also explored methods for wall detection and 
coloring. However, since this functionality is not central to the 
project, we simply demonstrate a proof of concept, rather than 
a completely developed method, for a wall painting algorithm. 

II. RELATED WORK 

Previous work has used augmented-reality to preview 2D 
planar object [2]. That work was based on the assumption that a 
marker undergoes an affine transform when an image is taken. 
However, this assumption fails when the object changes from 
2D to 3D. Instead of an affine transform, a perspective 
transform should be applied on the marker. In our work, we 
estimate the parameters for a perspective transform based on 
the marker inside an image, and render a 3D object into a 
captured scene using OpenGL. 

To calculate the projection matrix and the view matrix for 
the perspective transform, we need to calculate two vanishing 
points for the two orthogonal directions. Although marker-less 
vanishing point calculation algorithm exists [1], we chose a 
marker-based approach for two reasons: (1) many parameters 
for correctly rendering the 3D model, for example the origin to 
place the model, the reference RGB value for color balancing, 
and the parameters for model orientation adjustment , could be 
calculated based on a carefully designed marker. (2) A marker 
based approach is more robust and easier to implement than a 
marker-less approach. 

III. MARKER DESIGN AND VANISHING POINT STRATEGY 

We first considered using a characteristic pattern on our 
marker and a feature detection algorithm such as SIFT to locate 
the marker within the image. Because feature detection is slow, 
we decided to try a faster, contrast-based detection method, and 



we designed the marker to maximize the chances of contrast-
based detection and ease of vanishing point calculation. 

 

 

Figure 1. The marker (the black background is just for reference) 

 

We designed the above marker with the following 
considerations in mind: 

• The black area and the white area generate high image 
contrast. In addition, the encapsulation of the black 
area by white area is unique in most indoor 
images.  These features are useful for the localization 
of the marker. 

• The marker contains several lines that follow the two 
orthogonal directions of the paper’s edge, which is 
suitable for the calculation of the vanishing points we 
need. 

• The marker contains five lines in one direction and 
four lines in its orthogonal direction. In addition, the 
interior region is black on one half and gray on the 
other half. All these features are useful for 
differentiating the longitudinal and transverse axis of 
the marker and for adjusting the orientation of the 
object placed into the scene. 

• The white area provides a reference for performing 
color-balancing on the 3D object placed into a scene. 

IV. DESCRIPTION OF METHODS 

 

 

Figure 2. The system overview 

 

A. Mobile Side 

We implemented a simple way to interface with the image 
processing application through an Android smartphone. The 
application makes it easy for a user to take pictures and view 
the images that result from the server. The Android application 
opens with the phone’s camera view. When a user takes a 
picture, the image is sent over the network to a Stanford server 
via HTTP Post. The application then polls the server and waits 
for the existence of a specified output file. When the file is 
created by the server, the application opens up the file so the 
user can see the image with the virtual object placed in the 
scene. 

    Details: We used a Motorola Droid running Android Ver 
2.2.2. 

B.  Server Side 

We use a PHP script on the server to handle the phone’s 
Post request and save the file appropriately. MATLAB runs on 
the server and polls a directory in order to wait for an input file 
to be saved by the PHP script. Once the file is present, 
MATLAB reads the image and begins processing. After 
calculating the vanishing points, the server calls a Mex-
compiled OpenGL program that renders the 3D model in the 
scene. The OpenGL file then saves the output image, which 
triggers the phone to display the image to the user. The 
codebase for the HTTP Post, and PHP handling of input and 
output files is based on an implementation by Liang Liang and 
Zhengyun Liu for their Spring 2010 EE368 project [3]. 

Details: We used the corn server cluster at Stanford for the 
server operations. These servers run with an 8-core Opteron 
and 31.48 GB RAM. 

C. Image Processing Algorithm 

An Overview of the Image Processing Pipeline is depicted 
in Figure X.  

1) Downsampling 
As a first step, we downsampled the input image by a factor 

of 8 in each direction. This downsampling factor was chosen 
based off of experimental trials and performs well both in terms 
of accuracy and speed. 

2)  Rough Localization 
The rough localization step was designed to decrease 

runtime by limiting the possible locations of the marker for the 
precise detection stage. For this rough localization stage, a 
sliding window is moved over the downsampled, grayscale 
image, and a measure of contrast is recorded. The windows 
corresponding to local peaks in contrast that are above a certain 
contrast threshold are then selected as possible marker 
locations. All other locations are eliminated and set to black. 

3) Measures of Contrast 
 Several measures of contrast were considered and tested 

for this stage: variance, difference between the 5th and 95th 
percentiles, difference between the 15th and 85th percentile. 
Other characteristics were also considered, such as histogram 



fit and gray content. With a test set of size 16 images, we 
analyzed the correlation between the measures and the 
placement of the marker. 

 For speed and low false negative rates, the difference 
between the 5th and 95th percentile grayscale values was 
selected as the contrast criterion for rough localization. Certain 
stress test images featured poor lighting conditions, and these 
accounted for the majority of the 20% fail rate. 

4) Precise Marker Detection/ False Positive Rejection 
Via a process of elimination, the remaining candidate 

windows are pared down until only one remains. For analysis, 
the windows are thresholded to create black and white masks 
depicting the black and white regions of the image. We make 
the assumption that the user is approximately 3-5 meters from 
the marker. Regions with areas above or below empirically 
chosen limits are rejected. Of the remaining white regions, we 
eliminate regions whose centers don’t overlap with black 
regions. This method takes advantage of the structure of the 
marker without invoking time-intensive pattern matching 
techniques such as feature detection or template matching. The 
centroid and bounds of the final remaining white region are 
saved as the coordinates and boundaries of the marker within 
the image. 

If the localization of the marker failed on the downsampled 
image, we performed a second round of marker localization on 
the full resolution grayscale image. A failure message is only 
generated when a marker is not detected after this step. 

5) Vanishing Point Calculation 
Using the coordinates of the marker and bounds of the 

marker, a window containing marker is selected from the 
grayscale, original resolution image. Canny edge detection is 
used to determine the edges of the marker. Figure 4. 
demonstrates the nine edges of the marker detected by the 

Canny edge detector. A Hough transform is performed on these 
edges and the peak detection is performed. The peaks fall into 
two clear, distinct ranges for theta, such that each group has a 
very small variance and correspond to the parallel lines in one 
of the two orthogonal directions. Each vanishing point is then 
calculated by k-means clustering as the cluster center of all the 
intersecting points of two parallel lines. If a particular 
intersecting point is too far away from the others, it is excluded 
from the cluster center calculation. The intersecting points at 
infinity are also excluded from cluster center calculation. 

6)  Orientation Detections 
Given the coordinates and size of the marker in the image, 

small sample regions are selected above and below the 
centroid. Each sample regions corresponds to either the black 
or gray half of the marker, and by comparing the average 
grayscale values of these regions, we determine if the black or 
gray half is closest to the user. 

To determine the longitudinal orientation of the marker, we 
use the fact that the separation between the gray and black 
halves constitutes an additional edge running in the 
longitudinal direction. See Fig. 4.  

 

Fig. 4. Output of Canny Edge Detector on grayscale 
window containing marker.  

Fig. 3. The image processing pipeline for perspective-sensitive rendering of 3D objects. 



Five lines point towards the vanishing point belonging to 
the longitudinal direction, whereas only four point towards the 
vanishing point corresponding to the transverse direction. 

7) Color Balancing and Scaling 
Once the white mask of the marker is found for the precise 

marker detection, these pixel locations are used to generate an 
average RGB value for a white object in the scene. These 
parameters are then passed to the OpenGL module. The 
OpenGL code uses this RGB value to set the color for the 
lights that illuminate the 3D Scene. This ensures that the object 
looks natural in the lighting of the background image. 

8)  Wall Painting 
The wall painting method has not yet been incorporated 

into the main furniture placement, but rather executed as a 
proof of concept. The technique for wall painting assumes a 
light colored wall with a light texture and consistent lighting. 

Stage 1 consists of k-means clustering on the RGB image. 
Of the largest clusters, the one with the highest average RGB 
value is selected as the pixels closest to the wall color. 

To eliminate pixels belonging to other objects of similar 
color, the largest contiguous area of selected pixels is selected 
as the “seed” for wall selection 

In the last stage, this “seed” is expanded to surrounding 
pixels until a boundary or a large gradient is detected. The 
boundaries of the wall are set by Canny edge detection. 

Once the wall pixels have been selected, the RGB values 
are set relative to the target RGB color based off of their 
relation to the original wall color. A sample output is depicted 
in Fig. 5. 

 

Fig. 5. Output of wall painting algorithm, displaying a 
green tint on a previously beige wall. 

D. OpenGL 

The OpenGL program takes in parameters from MATLAB 
that define the marker origin, vanishing point coordinates, 
marker orientation, and the average RGB value of the white 
region on the marker. The program implements the math 
needed to transform vanishing points into OpenGL view and 

perspective matrices [3]. It also illuminates the 3D model with 
lights consistent with the average RGB value of the white 
region of the marker (passed in from MATLAB). By 
implementing this detail, we can compensate for different types 
of lighting and make the rendered model look more natural in 
the scene. The program then renders the scene and saves the 
output image so that the Android smartphone can display the 
results. 

 

Detail: We compiled the OpenGL code into a MEX file so 
MATLAB could cleanly interface with the program. This 
eliminated the need to synchronize the execution of two 
separate processes. 

V. EXPERIMENTAL RESULTS 

Among standard, consistent lighting conditions, such as in 
Fig. 8, the chair was placed correctly 80% of the time. 
Problematic images included ones partially lit by extremely 
bright light, such as sunlight, fields of view containing 
extremely dark unlit areas, such as depicted in Figure 6. 
Impressively, our algorithm showed robustness with even the 
blurriest images of our test set, as shown in Fig. 7. 

 
Fig. 6. Examples of extreme contrast in lighting that negatively 
affects marker detection and vanishing point calculation.  

   Fig. 7. Example of robustness to image blurriness. 

Under consistent lighting, orientation detection worked very 
consistently. In more difficult test cases, incorrect rotation of 
the object was the most common error.  



 

Fig. 8. Demonstration of correctly working orientation 
algorithm under good lighting conditions. The front of the chair 
always faces in the direction of the black bar of the marker. 

VI.  POSSIBLE FUTURE WORK 

A.  Improving Performance 

  If we had more time to work on this project, we could 
improve the performance by running all of the OpenGL code 
on the Android. This would eliminate the need to send the 
entire image back to the phone after rendering the scene. We 
would only have to send the parameters that are calculated by 
the MATLAB code. 

B. Extending Functionality    

Ideally a user could interactively move the image around 
the scene without having to take multiple pictures. If we moved 
the OpenGL code to the phone, we could respond to user input 
and move the 3D object around the environment. This would 
create a much richer user experience. 

We also envision that this application could be used to 
place several items in a room. Different markers could be used 
to signify different items to be placed in the scene. This would 
allow a person to digitally visualize a furnished room without 
ever having to lift a piece of furniture. 

VII. CONCLUSIONS 

 We successfully implemented an algorithm to detect a 
marker and place a 3-D object in the scene based off of the 
vanishing points, location, and orientation of the marker. The 
3D object was subjected to color balancing based off of current 
lighting conditions. A server-based Android program was 
developed for this project to demonstrate the efficacy of a 
mobile application. We were also successful in demonstrating a 
proof of concept for an additional wall painting feature that 
could be incorporated as part of the interior design application 
for this project.  
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