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Abstract— This paper proposes an ARToolkit-
based system integrating augmented reality 
and 1-D barcodes by associating each 1-D 
barcode with a corresponding AR marker and 
3-D graphics data.  After scanning a barcode 
and retrieving the AR marker and 3-D 
graphics files associated to the numbers 
encoded in the barcode, the system will search 
for the symbol of the AR marker near the 1-D 
barcode for the purpose of displaying the 
graphics data on the AR marker.  In this way, 
a 1-D barcode is not just a tool for inventory 
management, but by combining it with 
different AR markers, this system enables it 
for commercial advertisement of 
merchandises such as toy figurines which 
require small amount of graphics data.   
 
Keywords— ARToolkit, Augmented Reality, 1-
D Barcode 

1. INTRODUCTION  

In recent years, due to leaps in the progress in 
hardware improvements of computers and smart 
mobile phones, applications related to 
Augmented Reality (AR) are starting to show up 
in daily lives.  Based on their usages, AR 
applications can be divided into the Marker AR 
category or the Marker-less AR category [1,2,3].    
The main method of Marker AR applications in 
determining the display positions of the 3-D 
graphics is by applying image processing 
methods in detecting the marker’s coordinates.  
Alternatively, the Marker-less AR applications 
use data provided by GPS and digital compass 
which use wireless signals to help resolve the 
display positions of the 3-D graphics.   

Amongst all the softwares developed for AR 
applications, ARToolkit [4,5,6] is one of the most 
widely used due to its early entry into the market 
and provides GPL licensing for non-commercial 
uses.  But the GPL-licensed source code provided 
by ARToolkit is limited in that it requires the 
marker symbol and its associated 3-D graphic file 
hard-coded into the program, so it is not flexible 
enough to provide a single program capable of 
displaying different 3-D graphics using a single 
marker while allowing the end users to update the 
graphics at any time.   In order to improve the 
shortcomings mentioned above and allowing end 
users to view different 3D graphics within the 
same application while making it easier for 
manufacturer to use their existing products to 
provide additional entertainment values, this 
paper proposes an AR system that combined 
barcodes and ARToolkit which can dynamically 
retrieves and displays 3-D graphics.  It enabled 
end users to scan and decode the barcodes on 
merchandise goods, then to download the AR 
marker symbols and the associated graphics 
information based on the decoded number.  The 
downloaded information are then used to help 
located the AR marker symbol placed near the 1-
D (or 2-D) barcode and use its coordinates for 
displaying the 3-D graphics.  In this way, end 
users will be able to see different 3D graphics on 
different merchandises, and manufacturers who 
use tiny promotional stickers to promote their 
products can well use this system by converting 
their stickers, and use the pictures on their 
stickers as markers to enable AR views of 3-D 
models of their promotional products such as toy 
figurines which are low in complexity and 
requires small amount of graphics data so it 
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would be possible to render them on embedded 
systems. 

2. BARCODE-BASED AR SYSTEM  

Our current implementation of the barcode-
based AR system includes a server of graphics 
data and a PC-based AR application software, as 
shown in Figure 1. The graphics server is used 
mainly for storage and will respond to the AR 
application’s requests of marker files and 3D 
graphics files that correspond to specific 
barcodes.  The AR application software installs 
on a PC computer, using the computer's webcam 
to detect and resolve a one-dimensional barcode, 
then download the marker and its associated 3D 
graphics files from the graphics server, and 
finally display the 3D graphics on top of the 
actual marker. 

The detailed process flow of the AR 
application is shown in Figure 2, which shows 
the main steps as follows: (1) capture an image 
from the webcam and determine the existence of 
a one-dimensional barcode within the image; (2) 
decode the one-dimensional barcode; (3) send the 
decoded barcode number as an index to the 
graphics server and request the corresponding 
AR marker and 3D graphics files; (4) the AR 
application receive the delivered marker and 3D 
graphics file from the server; (5) search within 
the webcam image for the printed AR marker;  
and (6) calculate the transformation matrices 
according to coordinates of the AR marker and 
then display the 3D graphics on the printed AR 
marker using the transformation matrices. 

In the stage of detection of one-dimensional 
barcode within a webcam-captured image, the 
fact that 1-D barcodes are straight vertical lines is 
used as feature for detection.  In a given region, 
the gradient differences are calculated and 
summed for each pixel at 90 , 0, 45, and 135 
degrees orientation and differences between the 
sums are greater than a certain threshold value, 
then this region is judged to be part of a one-
dimensional bar code.  The algorithm is as 
follows: 

For a given nxn region extracted from the 
center of the screen, its values are first converted 
to binary where the value of black pixels are set 
to ‘1’, and we denote the binary value for any 
pixel at (x,y) position as bin(x,y).  Then for each 
pixel at ( ) nnyx ×∈, position, the counters C0, 
C45, C90, and C135, are used for 0, 45, 90 and 

135 degrees, respectively.  These counts are 
calculated as follows:  
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and when these counts are obtained for the entire 
region, we calculate the possibility that this 
region is part of a barcode in this way: 

if |C90-C0| > |C135-C45| AND  
||C90-C0|-|C135-C45|| > threshold2, set 

region_in_barcode = TRUE 
else set 
 region_in_barcode = FALSE 

In addition using the AR marker’s coordinates 
for viewing the 3D graphics, such as by rotating 
the marker to achieve rotation of the 3D model, 
or moving the marker closer to the camera lens 
for zooming effect, the AR applications also has 
additional controls for the purposes of increasing 
viewing angles and inserting special effects that 
are marker-independent, that is, these controls 
allow rotations, zooming, and other effects 
without moving the marker.  These additional 
controls are achieved by calculating the 
combined spatial transformation matrix and apply 
matrix multiplication to the coordinates of each 
triangle of the 3D model before drawing the 
triangle surface on the screen, and that each value 
within the transformation matrix is stored in 
memory.  In this way, the 3D graphics can be 
quickly reset to its original position in order to 
facilitate a variety of interactive special effects.  
The order the multiplying the transformation 
matrices is defined as rotation first, followed by 
zooming, and finally the translation 
transformation matrix is applied.  These 
transformation matrices are defined as follows 
[7]:  

Translation: 
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Zooming: 

, 

Rotation around the X-axis 

, 

Rotation around the Y-axis: 

, and 

Rotation around the Z-axis: 

 

3. EXPERIMENTAL RESULTS 

The AR application was tested on a laptop 
computer and its specifications are: Acer 
Aspire6530, CPU is AMD Atholon64x2 dual 
core@2.0GHz, available RAM is 3GB, and the 
operating system is Microsoft Windows Vista 
SP2. The AR application code was developed in 
c/c++ language, and the graphics server was 
developed on  a .Net platform  using ASP. 

The Hiro pattern that came with the ARToolkit 
was chosen as the marker for the experiment.  An 
experiment was first performed using various 
different sizes of the chosen marker to find out if 
size of the marker would cause a problem in 
detection.  The sizes used were 4.3cm, 3cm, 
2.1cm, 1.6cm, 1.2cm, 0.9cm, and 0.7cm on each 
side, and the AR application was able 
successfully detect every marker, as shown in 
Figure 3. However, the experiment showed that if 
the desired effect is rotate by 3D model by 
rotating the marker, then better performance can 
be achieved if the size of the marker is larger 
than 1cm2. In this experiment simulating 
manufacturer’s stickers, a 0.9cm version of the 
Hiro pattern is chosen as the marker in order to 
facilitate placement of a similar-sized marker in 
an unused area near a 1-D barcode on the 
merchandise. 

The AR application can read a special 3D file 
with unusual specification; this 3D file is built by 
extracting from a standard 3DS file the number 
of triangles, vertex coordinates, material data, 
and the normal vectors then stored.  In addition, 
the side length, width, and height of the 3D 
model’s bounding box are also stored in this new 
file format in order to facilitate future access of 
this 3D model by other embedded systems and 
the drawing it using OpenGL-ES instructions. 
And prior to storing the values of vertex 
coordinates the center of the 3D model is first 
shifted to the origin in order to facilitate zooming 
and set the light source positions for drawing. 

Figure 4 is the screen for when the AR 
application started to detect whether the captured 
image contained a one-dimensional barcode.  
Figure 5 shows that after a successful detection 
and decoding of a one-dimensional barcode, the 
marker associated with the barcode and the 3D 
data file were downloaded, then application 
searched for the location marker and identified it. 
Figure 6 shows that rotation of the 3D model was 
achieved by rotating the marker. While the end 
user is looking the 3D model, they can press the 
number keys to select the marker-independent 
interactive features, such as zooming as show in 
Figure 7, rotation about the X-axis, as shown in 
Figure 8, rotation about the Y-axis as shown in 
Figure 9, rotation about the Z-axis as shown in 
Figure 10 and Figure 11 shows for special effect 
of applying explosion on the model which 
decouples objects within the model. These 
controls can help users to view the 3D models in 
detail in from every angle and also create 
entertainment values. 

4. CONCLUSIONS 

The barcode-based AR system proposed in this 
paper was successful in using a one-dimensional 
barcode as an index to locate and download the 
marker and 3D graphics for display, and changed 
the way ARToolkit statically reads in 3D models 
into dynamically access 3D graphics files so that 
by simply updating the AR marker, the 
manufacturers can set the expiration on a certain 
marketing or advertising project, and not be 
dependent on ARToolkit’s original method of 
using fixed marker and the 3D  model.  Future 
researches will explore the effect of different 
markers [8], such as using the one-dimensional 
barcode not just as an index but as an AR marker 
itself.  Although this approach will introduce 
some problems in the display of the 3D graphics, 



AIT 2010 

2010 International Conference on Advanced Information Technologies (AIT) 

but it can reduce the burden on the end users to 
print markers near the barcode so that even 
general merchandise can be used to experience 
AR-based advertising, and  makes it easier for the 
manufactures to add values to their products. 
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Figure 1. Structure of Barcode-based AR System 
 

 
Figure 2. Process Flowchart of the AR 

Application Software 
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Figure 3. Detection on various sizes of marker 

 

 
Figure 4. Operating the AR application software 

(Screen 1) 
 

 
Figure 5. Operating the AR application 

software (Screen 2) 
 

 
Figure 6. Operating the AR application software 

(Screen 3) 
 

 
Figure 7. Screen showing the Zoom function of 

the AR application software 
 

 
Figure 8. Screen showing the Rotation around the 
X-axis function of the AR application software 
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Figure 9. Screen showing the Rotation around the 
Y-axis function of the AR application software 

 

 
Figure 10. Screen showing the Rotation around 

the Z-axis function of the AR application 
software 

 

 

Figure 11.  Screen showing the Explosion 
function of the AR application software 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


