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Abstract—augmented reality is a technique used to insert virtual 

objects in real scenes. One of the most used libraries in the area is the 
ARToolkit library. It is based on the recognition of the markers that 
are in the form of squares with a pattern inside. This pattern which is 
mostly textual is source of confusing. In this paper, we present the 
results of a classification of Latin characters as a pattern on the 
ARToolkit markers to know the most distinguishable among them. 
 

Keywords—ARToolkit library, augmented reality, K-means, 
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I. INTRODUCTION 
HE specificity of augmented reality versus virtual reality 
is that the first aims to increase user's view by adding 

virtual objects while the world of the second is completely 
artificial. It is therefore matter in augmented reality to mix the 
real and the virtual [1].  

In augmented reality-based marker (like what is shown in 
Fig.1), it is matter to detecting a marker along a video clip 
while inserting a virtual object in each frame in its 
hypothetical location relative to the marker. 

 
Fig. 1 augmentation based marker (left figure contains a marker, and 

the right shows the same scene after augmentation) [2] 

A. Application fields 
The application areas of augmented reality are many, we 

found in particular applications in medicine, maintenance, 
industry and also entertainment [3].  

II. ARTOOLKIT LIBRARY 
ARToolKit [4] is a software library for making augmented 

reality application. In these applications it is always matter to 
overlay virtual images on the real world. For example, the 
right image of Figure 1 shows a three dimensional virtual 
character appears standing on a marker of the real scene. It 
can be perceived by the user through the head mounted 
display he wears. When the user moves the marker, the virtual 
character moves with, and seems to be attached. 
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One of the difficulties in developing augmented reality 

applications is tracking viewpoint of the user to know the 
exact position of the virtual image. The application therefore 
needs to know at all times the user's position in the real world. 

ARToolKit uses computer vision algorithms to solve this 
problem. It can calculate the position of the real camera and 
its orientation relatively to physical markers in real time. This 
allows easy development of a wide range of applications of 
augmented reality. 

ARToolKit has the following characteristics [5]: 
• Use of a single camera for identification and tracking.. 
• Use of simple black square called markers. 
• Possibility to use patterns on square markers. 
• Fast enough to create real-time augmented reality 

applications. 
• Portability across different operating systems (Linux, 

MacOS, Windows ...). 

A. Application fields 
The ARToolkit algorithm performs a sequence of 

operations on each video frame to detect the presence of a 
marker, and identify it between a set of different markers 
loaded into multi-markers application (Fig. 2) : 
• The camera captures the video and sends it to the computer. 
• The program proceeds to image’s binarisation and lists all 

the black borders in each video frame. 
• For each frame, the program uses mathematical formulas to 

determine marker’s position and orientation with respect to 
the camera. 

• The pattern present within each frame is compared with the 
patterns loaded into the program in order to associate its 
own virtual augmentation. 

• This augmentation, which generally takes the form of a 3D 
object is then generated from the position and orientation of 
the marker and is superposed on the captured image. Its 
position, orientation and scale are adjusted relatively to the 
marker in real time. 

 

 
Fig. 2 functional principle [5] 
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III. MEASURES 
Markers that we propose to use are made as shown in Fig.3, 

whith a framework that respects the standards used in 
ARToolkit, namely a border of width equal to one quarter of 
the total width of a marker and with a letter of the Latin 
alphabet inside. 

 

 
Fig. 3 Examples of markers used in our study 

 
Since it is question in our study of textual patterns of 

markers, the basic element of a pattern can only be a letter of 
the alphabet that is why we proposed to compare markers each 
having a single letter. 

During the creation and use of markers, we made sure to 
respect number of constraints: 
• The letters used as a ground on the different markers all 

have the same size and same font type (Times New 
Roman). 

• The markers are printed on the same type of paper (same 
brightness) to ensure they have the same contrast black and 
white. 

• A simple single camera was used for all measurements. 
• All measurements were performed under the same 

photometric conditions. 
• Measurements were taken with the same distance, thirty 

centimeters from the camera. 

IV. EXPERIMENTAL RESULT 
To perform the experimental study, we first set the 

parameters of ARToolkit to detect a marker with the letter A 
as a pattern, and we measured each time the degree of 
similarity with a marker that has as a pattern another letter of 
the alphabet. The similarity measure calculated is the same 
used in the ARToolkit library. 

 

 
Fig. 4 Measured values of similarity between the letters of the 

Latin alphabet realized experimentally. The color values are where 
there is confusion between markers by considering the value 0.5 as 

the threshold 

We've made it as explained in the previous section 
(Measures) to respect the same distance, the same photometric 
conditions and use the same camera to eliminate factors that 
may influence the measurements. Then we noticed the results 
in a table where the line representing the reference pattern and 
patterns the columns compared to this one and we repeated the 
process for all letters of the alphabet. So we got the table 
shown in Fig.4. 

From this table, if you take the marker having the character 
B as reference marker (the second row of the table), its degree 
of similarity to the marker with the letter A as pattern is 
0.206075 and with the marker having the letter D as pattern is 
0.709885. 

By applying the K-means algorithm on the table of obtained 
measurements (Fig. 4), and since the algorithm must have the 
number of classes as input, we obtained the following: 

• For a number of classes equal to two: 

Class 1: A I J N S T V W X Y Z 

Class 2: B C D E F G H K L M O P Q R U 

• For a number of classes equal to three: 

Class 1: A I N T V W X Y Z 

Class 2: B E F J K L M P R S 

Class 3: C D G H O Q U 

 

• For a number of classes equal to four: 

Class 1: A I N T V W X Y Z 

Class 2: B E F J K L M P R S 

Class 3: C G O 

Class 4: D H Q U 

• For a number of classes equal to five: 

Class 1: A I T V W Y Z 

Class 2: K M N R S X 

Class 3: C G O 

Class 4: D H Q U 

Class 5: B E F J L P 

• For a number of classes equal to six: 

Class 1: A I T V W Y 

Class 2: K M N R S X Z 

Class 3: C G O 

Class 4: D H Q U 

Class 5: B E L 

Class 6: F J P 

• For a number of classes equal to seven: 

Class 1: A I T V W Y 

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z
A 0,972204 0,193043 0 0,382592 0,350854 0,010688 0 0,156801 0,383877 0,382103 0,274232 0,20003 0,32182 0,571771 0 0,218672 0,017693 0,354155 0,521675 0,448688 0,193903 0,894713 0,427066 0,408845 0,811433 0,335925

B 0,206075 0,976978 0,16233 0,709885 0,681426 0,643331 0,188477 0,535969 0,086201 0,443363 0,435957 0,598092 0,413982 0,268466 0,189213 0,756306 0,382201 0,581998 0,539759 0,12739 0,38089 0,263648 0,318428 0,252814 0,288935 0,337066

C 0 0,197993 0,97847 0,369377 0,314696 0,195734 0,79416 0,390752 0,079996 0,085358 0,353511 0,334548 0,092313 0,266887 0,649771 0,15831 0,332068 0,268869 0,171705 0,074149 0,678584 0 0,054784 0 0,06473 0,132178

D 0,046704 0,649405 0,340559 0,96704 0,399306 0,24698 0,462271 0,59662 0,032219 0,381589 0,405904 0,585364 0,391522 0,191807 0,507079 0,488462 0,497965 0,578557 0,346836 0,045332 0,658643 0,106219 0,134234 0,078061 0,126257 0,136131

E 0,279947 0,644069 0,288659 0,474677 0,959513 0,84296 0,2044 0,334636 0,178708 0,572471 0,37433 0,823719 0,345408 0,239202 0,150968 0,690711 0,110137 0,557378 0,415655 0,25834 0,578135 0,362016 0,260659 0,469462 0,45808 0,544635

F 0,454749 0,462012 0,265653 0,399512 0,795357 0,94615 0,066391 0,240771 0,315018 0,663896 0,30285 0,721697 0,306795 0,18712 0,090921 0,785997 0,064315 0,407853 0,422661 0,194637 0,548094 0,424058 0,316582 0,305582 0,454881 0,300707

G 0 0,211382 0,768496 0,258044 0,200415 0,08227 0,985484 0,513343 0 0,343654 0,175208 0,236707 0,372682 0,207339 0,725582 0,209136 0,341002 0,219092 0,210962 0,100966 0,534556 0 0 0,022077 0,051061 0,293302

H 0,117612 0,377524 0,416611 0,507401 0,205375 0,066892 0,500981 0,961649 0,082308 0,130939 0,589053 0,125715 0,403978 0,384458 0,549088 0,229463 0,509536 0,737656 0,443833 0,160229 0,738554 0,156713 0,239461 0,234431 0,140426 0,168913

I 0,31919 0,074778 0 0,074714 0,130853 0,143208 0 0,098436 0,966081 0,528694 0,047273 0,200603 0,17843 0,114632 0,107614 0,172782 0,144012 0,027985 0,179114 0,854466 0,031094 0,275527 0,343589 0,241944 0,59446 0,329303

J 0,403205 0,545532 0,112726 0,298235 0,539615 0,665552 0,16321 0,229391 0,569627 0,966598 0,217638 0,504315 0,358691 0,277975 0,227609 0,299755 0,213231 0,746898 0,248545 0,547545 0,169461 0,346807 0,241528 0,359771 0,374705 0,396794

K 0,244234 0,532215 0,36327 0,32933 0,261118 0,248761 0,31635 0,547095 0,100916 0,259122 0,964732 0,241844 0,413915 0,615697 0,176785 0,322675 0,192702 0,720572 0,510444 0,156516 0,48171 0,268463 0,262203 0,613561 0,298842 0,301813

L 0,304921 0,548371 0,460311 0,636244 0,704954 0,680349 0,251425 0,39242 0,055446 0,571002 0,424451 0,964536 0,187935 0,155957 0,168416 0,535239 0,272904 0,512137 0,307973 0,050796 0,750631 0,358285 0,192371 0,294701 0,317919 0,331291

M 0,295915 0,399701 0,27735 0,29792 0,27513 0,343117 0,398793 0,416839 0,272714 0,327284 0,512847 0,192059 0,970117 0,335141 0,300682 0,347594 0,334469 0,313049 0,312035 0,306378 0,269916 0,380971 0,627079 0,387104 0,322992 0,335087

N 0,311105 0,206099 0,03796 0,165634 0,223959 0,165248 0,092349 0,32982 0,126253 0,166551 0,667687 0,179505 0,34867 0,965209 0,072457 0,317936 0,083072 0,438987 0,547138 0,147863 0,325382 0,432001 0,291767 0,634125 0,414917 0,261289

O 0 0,201545 0,623731 0,59185 0,109584 0,119451 0,680468 0,588779 0,150928 0,218409 0,162375 0,106545 0,328158 0,117901 0,923211 0,172315 0,568965 0,244576 0,140864 0,191039 0,613842 0,017818 0 0,016736 0,089413 0,230377

P 0,396318 0,718277 0,208434 0,546402 0,689989 0,789712 0,243843 0,301106 0,255261 0,703258 0,308407 0,616111 0,339501 0,330388 0,113741 0,971932 0,19252 0,580214 0,346042 0,159821 0,536759 0,409995 0,382168 0,224178 0,43138 0,345386

Q 0,067286 0,273373 0,222244 0,56859 0,071338 0,061416 0,242229 0,538539 0,132094 0,179791 0,190436 0,212819 0,248316 0,100145 0,411282 0,205257 0,98071 0,304539 0,165409 0,115773 0,515711 0,186194 0,246595 0 0,127191 0

R 0,195747 0,604827 0,28179 0,588976 0,433551 0,307756 0,281879 0,664451 0,097756 0,342619 0,756426 0,329447 0,330547 0,461797 0,239254 0,463919 0,337729 0,984105 0,519986 0,076119 0,507698 0,279319 0,247945 0,344756 0,245182 0,315181

S 0,344869 0,391983 0,144625 0,255946 0,390686 0,412244 0,12542 0,337665 0,236384 0,349228 0,552357 0,277127 0,252954 0,650503 0,112262 0,328204 0,227582 0,396691 0,941422 0,162466 0,244176 0,307575 0,318238 0,525658 0,413047 0,510287

T 0,367247 0,12447 0,006016 0,039254 0,205834 0,352883 0,046843 0,183505 0,807584 0,587243 0,168078 0,149782 0,266341 0,171028 0,151405 0,276265 0,094504 0,069535 0,178899 0,978375 0,135599 0,420134 0,291228 0,240773 0,592302 0,358865

U 0,23089 0,273682 0,554766 0,616045 0,349241 0,313773 0,421754 0,606346 0 0,131525 0,508816 0,5535 0,168598 0,220862 0,425081 0,276607 0,503146 0,501957 0,289352 0,044803 0,971402 0,176227 0,199519 0,091197 0,175355 0,109335

V 0,74596 0,234404 0 0,092085 0,501077 0,526456 0 0,096693 0,329499 0,356067 0,277873 0,35584 0,402726 0,419049 0 0,419488 0,143861 0,209418 0,310679 0,444951 0,264662 0,977618 0,389632 0,383875 0,852012 0,130572

W 0,361446 0,30132 0,017343 0,098701 0,253348 0,301257 0 0,150713 0,303596 0,35336 0,300983 0,191234 0,57504 0,277686 0 0,375304 0,246355 0,242344 0,310281 0,273571 0,134991 0,348877 0,97402 0,322326 0,299132 0,283402

X 0,365076 0,205105 0,013581 0,101416 0,347259 0,290628 0,053146 0,189235 0,215721 0,231395 0,63833 0,282163 0,345823 0,694037 0,018653 0,208214 0 0,437151 0,52162 0,287206 0,129658 0,376095 0,299443 0,970429 0,551089 0,379842

Y 0,701985 0,193692 0 0,067362 0,400352 0,542493 0 0,05519 0,509936 0,312446 0,246326 0,388509 0,255714 0,324693 0 0,422268 0,090441 0,094642 0,337467 0,551088 0,177071 0,834969 0,26117 0,443442 0,982701 0,26452

Z 0,31132 0,244636 0,095626 0,188229 0,343306 0,265484 0,321967 0,113808 0,305405 0,382786 0,326467 0,37734 0,368505 0,31321 0,186679 0,278854 0 0,251983 0,544008 0,360824 0,100867 0,079181 0,247211 0,314071 0,276044 0,980367

A B C D
A 0,972204 0,193043 0 0,382592

B 0,206075 0,976978 0,16233 0,709885

C 0 0,197993 0,97847 0,369377
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Class 2: K M N R S X Z 

Class 3: C 

Class 4: D H Q U 

Class 5: B E L 

Class 6: F J P 

Class 7: G O 

• For a number of classes equal to eight: 

Class 1: A I N T V W X Y 

Class 2: B S 

Class 3: C 

Class 4: D Q U 

Class 5: E L Z 

Class 6: F J P 

Class 7: G O 

Class 8: H K M R 

• For a number of classes equal to nine: 

Class 1: A N V W X Y 

Class 2: B S 

Class 3: C 

Class 4: D Q U 

Class 5: E L 

Class 6: F J P 

Class 7: G O 

Class 8: H K M R 

Class 9: I T Z 

• For a number of classes equal to ten: 

Class 1: A N V W X Y 

Class 2: B S 

Class 3: C 

Class 4: D Q U 

Class 5: E L 

Class 6: F P 

Class 7: G O 

Class 8: H K M R 

Class 9: I T 

Class 10: J Z 

• For a number of classes equal to eleven: 

Class 1: A V W Y 

Class 2: B 

Class 3: C 

Class 4: D U 

Class 5: E L 

Class 6: F P 

Class 7: G O 

Class 8: H Q 

Class 9: I T 

Class 10: J Z 

Class 11: K M N R S X 

• For a number of classes equal to twelve: 

Class 1: A V W Y 

Class 2: B 

Class 3: C 

Class 4: D U 

Class 5: E 

Class 6: F P 

Class 7: G O 

Class 8: H Q 

Class 9: I T 

Class 10: J Z 

Class 11: K M N R S X 

Class 12: L 

• For a number of classes equal to thirteen: 

Class 1: A V Y 

Class 2: B 

Class 3: C 

Class 4: D U 

Class 5: E 

Class 6: F P 

Class 7: G O 

Class 8: H Q 

Class 9: I T 

Class 10: J 

Class 11: K N R S X 

Class 12: L 

Class 13: M W Z 

• For a number of classes equal to fourteen: 

Class 1: A V Y 

Class 2: B 
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Class 3: C 

Class 4: D U 

Class 5: E 

Class 6: F P 

Class 7: G O 

Class 8: H Q 

Class 9: I T 

Class 10: J 

Class 11: K R 

Class 12: L 

Class 13: M W Z 

Class 14: N S X 

• For a number of classes equal to fifteen: 

Class 1: A V Y 

Class 2: B 

Class 3: C 

Class 4: D U 

Class 5: E 

Class 6: F P 

Class 7: G 

Class 8: H 

Class 9: I T 

Class 10: J 

Class 11: K R 

Class 12: L 

Class 13: M W Z 

Class 14: N S X 

Class 15: O Q 

The following figure (Fig.5) illustrates this graphical 
composition.
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7 classes 

Fig. 5 Classification of the Latin alphabet by the K-means algorithm 
 

The threshold at which the system considers that there is a 
similarity between the patterns of markers will allow us to 
decide on how many classes to take. 

We will consider the value of the threshold at which the 
system assumes that there is a similarity, equal to 0.5 (default 
value of the ARToolkit library), since if we increase the 
threshold, it is true that the risk of having wrong marker 
decreases, but instead the system may have difficulty 
detecting a given marker at a small angle or at a great 
distance, so there is a compromise that the threshold should 
not be too big or too small and the default library seems to be 
logical. In this case, we can see on the table that there is 
confusion between patterns B and D. color values are 
precisely the cases where the system confuses between 
markers. For example on line A, there are five color values, 
then the letter A can be confused with the letters N, S, V and 
Y. 

Considering the color values (values that the system was 
wrong of markers considering the threshold equal to 0.5), we 
were able to match these results with those obtained by the K-
means algorithm, which allowed us to select the classification 
into seven classes: 

 
Class 1: A I T V W Y 

Class 2: K M N R S X Z 

Class 3: C 

Class 4: D H Q U 

Class 5: B E L 

Class 6: F J P 

Class 7: G O 

V. CONCLUSION 
At the end of the previous section, experimental results 

have allowed us to make the following conclusions: 
• The textual pattern of ARToolkit markers are sources 

of potential confusion. 
• The Latin alphabet can be composed into seven distinct 

classes of letters that can be confused between them. 

• To reduce the possibility of confusion, it is 
recommended to use letters of different classes and it is 
especially advisable to use letters from small class 
cardinalities. The 'M' is a typical example. 
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