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ABSTRACT

In this paper we introduce a system that can recognize different
types of origami performed by users in real time. This system
allows users to register and use their desired paper for the inter-
action, and recognize the folding by using Speed Up Robust Fea-
ture (SURF) alogrithm with proper parameters. The paper also de-
scribes a paper-based game which has been developed as a proof of
concept of our method. This method can be considered as an initial
step for seamlessly migrating meaningful traditional art of origami
into the digital world and as a part of the interactive media.

Index Terms: H.5 [Information Interface and Presentation]:
Multimedia Information Systems—Artificial, augmented, and vir-
tual realities; H.5 [Information Interface and Presentation]: User
Interfaces—Interaction styles; I.4 [Image Processing and Com-
puter Vision]: Scene Analysis—Tracking; I.5 [Pattern Recogni-
tion]: Implementation—Interactive systems

1 INTRODUCTION

For a long history, origami has been appreciated by people from
different cultures all over the world, and used in various areas, such
as cultural ceremony, social communication, education and medical
therapy. People appreciate origami as not only a kind of delicate
artwork but also an indirect method of communication. In Japan,
origami was initially used in cultural ceremonies, such as Shinto
weddings, as a symbolically respectful practice to show the value
of pureness [12]. As a tool for social communication, origami was
also widely used in the ancient eastern Asia. During Heian period of
Japan, many samurais were keen to exchange their blades adorned
by a special kind of paper flower as a sign of friendship [12].

Today, many other applications of origami have been developed
in different areas. Research in education shows the origami train-
ing affects brain development [15]. By playing origami, children
can improve their creativity, spatial reasoning skills and performing
ability. In addition, origami can also be used to enhance the com-
munication among teachers and children [2]. Additionally, origami
is playing an important role in today’s family communication. In
Japan, children can gain knowledge about the past from traditional
crafts, such as origami, made by their grandparents [4].

On the other hand, people, especially young generation, find
it more familiar with modern entertainment and communication
methods such as virtual reality, online social network and so on.
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They preferred to manipulate the digital contents with mouse and
keyboard. However, research showed that manipulating virtual re-
ality with tangible and meaningful objects could provide more ad-
vantages in user experience [7]. With its various forms in manipu-
lation and shapes and its rich historical and cultural legacy, origami
could be a good candidate for tangible interface in mixed reality
interaction. Taking these discussions into consideration, we devel-
oped a method to recognize users’ origami in real time. By com-
paring with the existing related works, we believe our method could
provide more freedom for users to perform origami during the in-
teraction with virtual reality.

In the following of the paper, we will describe more details about
this research. Section 2 will introduces the basic types of origami
that can be recognized by our current method, and the related works
in origami recognition and interaction will also be discussed and
compared with our research. The detailed description of the method
will be presented in Section 3. In section 4, application of our
method will be discussed. Finally we conclude with the future
works in this research.

2 BACKGROUND & RELATED WORKS

Many origami books begin with a description of basic origami tech-
niques which are used to construct the models. There are five stan-
dard basic origami techniques [16], as shown in Figure 1, including
book fold, kite fold, cupboard fold, shawl fold and cushion fold.

Figure 1: Five Basic Origami Techniques

Figure 2 shows that many complex form of origami can be de-
rived from these basic foldings. Hence, these bases can be viewed
as an introduction to origami and their simplicity is suitable for be-
ginners. Our system is able to recognize all the fundamental base
folding.

There are quite a few related researches which have focused on
tracking or recognizing origami, using either software or hardware.
Jun Mitani et al. [11] developed a system that uses a digital cam-
era to read QR-codes preprinted on the folding paper and then em-
ploys this information to infer the three-dimensional form as the
user folds the paper. Shimanuki et al. [14] proposed a vision-based
algorithm to recoginze the folding process of an origami proce-
dure from origami drill books. Yasuhiro Kinoshita [9] developed
a silhouette-based method estimating the state of origami in a cam-
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Figure 2: Tree Hiarachy of Origami Creation

era image. David Gallant et al. [3] presented Foldable User Inter-
face (FUI) which are sheets of paper that are augmented with IR
reflectors tracked by camera. Yingdan Huang and her colleagues
developed Easigami [6], a novel tangible user interface which em-
beds sensors on the edge of paper, so that user can construct dif-
ferent shapes of model by combining papers and the model will be
reflected in 3D virtual representation. MIT Media Lab developed
Origami Desk [8], using projected animations to directly map in-
structions onto the users’ paper, electric field sensing to detect touch
inputs on the desk surface, and swept-frequency sensors to detect
the papers folds. Compared to these related works, our method
with a simple webcam enables users to use their desired origami pa-
per without requiring any other special hardware equipment. This
means users can even just cut out a square piece from old news-
paper as the tool for interacting with our system, hence it provides
greater ease of use and more freedom.

3 SYSTEM DESCRIPTION

The whole origami interaction system consists of two main mod-
ules: paper registration and folding recognition, which are built on
top of Speed Up Robust Feature (SURF) algorithm [5]. As shown
in Figure 3, user places a square piece of his/her desired paper under
the camera which is set in the top of the table. The paper registra-
tion module analyses the paper and extract the natural feature points
on the paper based on SURF descriptors. In this step, the system
reports to the user whether there are sufficient features to utilize for
tracking. Therefore, user should supply sufficiently textured paper
to the system in this step. The feature points will be used in the step
of origami recognition, where SURF is used to track the visibility of
different regions of the origami paper, further to recognized differ-
ent types of folding performed by the users. The rest of this section
will explain why we choose SURF as our fundamental algorithm,
and then discuss the features of our method in details.

3.1 Experiment for Algorithm Selection
Based on a series of image training and experiments done on dif-
ferent types of detectors and descriptors, SURF with Fast Hessian
detector is selected as the natural feature tracking algorithm for our
origami recognition system. As shown in Figure 4, we performed
the matching of four different types of origami paper with simple
folding using SURF algorithm. The results shows that SURF could
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Figure 3: Overview of the system flow

provide good feature tracking even with the presence of human
hands. Another main reason is that SURF descriptor requires less
computational time compared to others, resulting in faster tracking
of object. Although SIFT [10] is more robust in term of correct
matching, affine distortion, and illumination changes, our origami
recognition system uses only static camera and nearly constant
lightning condition which gives less distortion and less illumina-
tion changes. The computation speed is considered more important
as origami recognition system is required to run in real time. On
the other hand, SURF descriptor is better for 3D object recognition
while Ferns [13] is only good for estimating planr homographies,
since we are planning to recognize origami in a 3D form. In ad-
dition, compare to Ferns which requires to process the image in a
complex classifier at the beginning, we will use a relatively simpler
approach to pre-process the registered paper image.

As the SURF algorithm consists of three main parameters: Fast
Hessian Threshold, number of octaves and number of layers, it is
necessary to obtain the optimum values that fulfill our requirement
of efficiency and correctness in the origami recognition system.
Figure 5 shows the testing image used for experiment.

As shown in Figure 6, with the increase of feature points and the
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(a) Postcard (b) Newspaper

Figure 4: Test of Different Paper Tracking using SURF

Figure 5: Tesing Image for SURF Parameter Selection

robustness, the computation time is increased in the SURF process-
ing. Since the origami recognition system only performs detection
every 1000 millisecond, the highest number of interest points with
acceptable long computational time is selected.

Figure 6: The relation of number of feature points and computa-
tional time in SURF

After experimenting in different combination of the three main
parameters in SURF as shown in Figure 7, 8 and 9, we decide the
values as Fast-Hessian threshold = 100, Number of octaves = 5 and
Number of layers = 4. In addition, the 128-element descriptor is
chosen.

3.2 Detailed Description of Our Method
3.2.1 Square Paper Detection
Since the most common origami paper is approximately in a square
shape, our system performs a process of square detection, as shown
in Figure 10, when the user places his/her origami paper under the
camera in the beginning.

Firstly, to reduce the noise and peak intensity in pixels, image
smoothing is executed by using pyramid downsize and upsize of
the image captured by the camera. Here 5x5 Gaussian kernel, as
shown in the following equation , is used for the smoothing.

Figure 7: The relation of number of feature points and Fast-Hessian
threshold in SURF

Figure 8: The relation of number of feature points and number of
octaves in SURF

Figure 9: The relation of number of feature points and number of
layers in SURF
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Figure 10: Flowchart of Square Paper Detection
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5x5−Gaussian− kernel = 1/16∗





1 4 6 4 1
4 16 24 16 1
6 24 36 24 6
4 16 24 16 1
1 4 6 4 1





After smoothing, Canny edge detection [1] and image dilation
are performed with a 3x3 rectangular structuring element, and po-
tential holes between edge segments from Canny detection are re-
moved. Then different levels of binary threshold setting are done
in each of the three color channels, to search possible polygons in
different channels, as shown in Figure 11.

Figure 11: Binary Result of Paper Image

Finally, a series of filters are set to obtain the proper square. The
possible candidates have to first pass through a corner angle test
that requires the angle to be approximately 90 degree and an edge
length test that requires 4 edges are approximately equal in length.
The final filter for the square detection is to remove the adjacent
squares which are only five pixels deviated from others. The main
purpose of this final filter is to remove squares overlapping in the
similar location which result from image smoothing and dilation.
After the filtering, rotation and cropping of the image are executed,
due to the requirement of exact coordinates of feature points during
the origami recognition. The final result of origami paper detection
is shown in Figure 12, and this process will be performed in twice
for both front side and back side of the paper.

Figure 12: Result of Square Paper Detection

3.2.2 SURF-based Paper Analysis
The images of the square paper are passed to the module of SURF-
based paper analysis, as shown in Figure 13, which determines
whether the paper is textured enough for the camera tracking and
extracts necessary feature points for the origami recognition.

Based on the five basic types of origami, the system first divides
both the front square and the back square into regions as shown
in Figure 14. These regions are defined mathematically using the

Partition image the square paper into 

regions according to the five types of 
basic folding

Extract SURF Feature Points from 

Every Region

Check whether the number of feature 
points in each region is sufficient for 

origami recognition

Figure 13: Flow Chart of SURF based Paper Analysis

combination of the equations of straight lines. Then the regions will
be checked one by one for the sufficient number of feature points.

(a) front partition (b) back partition

Figure 14: Partition of Paper

The division straight lines, in Figure 14, will be defined in equa-
tions as follow:

Given that w = the width of image and h = the height of image,
and define α = 0.4142 and β = 0.5858, and xi and yi are the coordi-
nates horizontally and vertically with the center of the paper as the
original point.

Front side line equation for 6 straight lines:

xi =

{
w
2 y = 0

(yi−hbi)w
mih otherwise i = 1...6 (1)

mi =
[
0 −1 1 −1 1

]

bi =
[
0 1+α α β −α

]

Back side line equation for 20 straight lines:






x j =
w
4 ,

2w
4 , 3w

4 y = 0
y j =

h
4 ,

2h
4 , 3h

4 x = 0
y j = m j

h
w x j +bih x $=0,y$=0

j = 1...20 (2)

m j =

[
−1 1 −1 1 1 −1 −α

(− 1
α ) α ( 1

α ) (− 1
α ) −α ( 1

α ) α

]

b j =

[ 3
2

1
2

1
2 − 1

2 0 1 α
1
α 0 0 1 1 −(1+α) β

]
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The procedure of the paper analysis is based on SURF algorithm.
With the proper parameters, our system will check every region in
the square paper based on a set of criteria, such as the total number
of feature points and the density and the distribution of the feature
points in a particular region. Figure 15 shows the results of feature
points in the front and back of the origami.

After this analysis, our system will report the user whether
his/her current origami paper is textured enough for the origami
tracking interaction. The system will register the final well-textured
paper for the origami recognition module.

(a) front image (b) back image

Figure 15: Feature Points Checking in Different Regions of the
Paper

3.2.3 Origami Recognition
In the module of origami recognition, as shown in Figure 16, based
on SURF matching method, the paper image in each frame is com-
pared with the square images of the square images stored by the
previous steps.

Detect the origami paper in the current frame

Partition the new image of paper into same 
regions as in the previous steps

Get matches of regions between the new image 

and both the front side and the back side of the 
paper image stored in the previous step

Determine the type of folding according to the 
combination of matching

Figure 16: Flow Chart of Origami Recognition

The folding procedure does not have the high speed, as a person
is limited in how fast they can fold, therefore we can implement
more accurate tracking. We decided 1000 milliseconds is an ac-
ceptable update rate for origami. This allows us to use more interest
points and a full 128-element description is chosen for the match-
ing between the paper image captured real time and the pre-stored
template images of the paper.

With the proper parameters, the tracking algorithm recognizes
different types of origami folding according to the visibility of the
feature points in each region in the paper. The regions represented
in the front side and back side of the origami paper are different due
to the fact that most folding types cover the entire front side of the
paper. Before determining the appearance of a particular region,
the threshold for each region has to be calculated. The threshold
refers to the number of feature points so that when detected points
are higher than this threshold, the particular region is considered
shown and not blocked. As the total number of feature points for
different origami paper is not the same, a dynamic threshold has to
be implemented in order to determine the appearance of a particular
region. Different types of folding are mapped to different combina-
tions of the appearance of regions. For example, the disappearance
of the top right corner of front side and the appearance of the top
left corner of the back side can be recognized as the folding shown
in Figure 17. Finally, our system is able to recognize 24 types of
simple folding as shown in Figure 18.

Figure 17: Result of Square Paper Detection

4 APPLICATION

This Origami recognition system provides a platform for a wide
range of application in education, entertainment and social com-
munication, including storytelling, gaming, designing etc. As a
proof of concept, a flash game application is developed to realize
our origami recognition method. As shown in Figure 19, the main
objective of the game is to construct towers to defeat the virtual
monsters. The towers in the game are represented uniquely by dif-
ferent kind of fundamental origami folding. Hence, in order to win
the game, players are required to successfully construct one or more
Origami basic folding to build defence towers.

In addition, this game application also presented a way to re-
place or substitute keyboard, mouse, or joystick as the input to the
computer. This game only requires one paper from the users, and
then he/she is able to navigate the virtual world using the origami
paper. For instance, by constructing the arrow shape pointing up-
wards, which is shown in Figure 19, the navigation box will move
to the up direction accordingly.

During the interaction, a real-time video is streamed and shown
in the flash game. The origami recognition algorithm is running at
the background and is providing real-time update to the gaming in-
teraction. 30 frames per second is achieved by using video frame
splitter. As each folding requires some time to complete, it is un-
necessary to waste resources to do folding recognition every frame.
Hence, the video frame is split and one of them is used for updating
the screen for real time streaming and another is used to detecting
folding for every 1 second which is approximately 30 frames apart.
Although there may result in some delay for the folding recognition,
it is hard for users to notice in this small interval of time according
to our primitive observation.
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Figure 18: Possible Types of Origami to Recognize

Figure 19: Origami-based Interactive Gaming

5 CONCLUSION & FUTURE WORKS

This paper describes a paper-based interaction system that recog-
nizes different types of origami based on natural feature tracking.
Our algorithm is built on top of SURF algorithm with proper param-
eters which meet the requirement of a sufficiently real-time recog-
nition for origami. An simple game application has been developed
to the robustness and responsiveness of our algorithm. The main
purpose of this research is migrating meaningful traditional art of
origami into the digital world and as part of the interactive media.

In addition to the current features, our system can be easily ex-
panded to more complex types of origami since different folding are
corresponding to different combination of the visiblity of different
regions in the paper. Our future work will include machine learn-
ing algorithms to increase the robustness of the system. Meanwhile,
a design platform and framework are planned to be developed for
end-user to design their own origami interaction based on the pre-
sented method. We also plan to conduct user study to evaluate our
approach in virtual reality interaction.
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