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A MOBILE AUGMENTED REALITY FOR INTRODUCING THREE-DIMENSIONAL SHAPES AND ITS
PROPERTIES 10lief llImandira Ratu Farisi, 2Gulpi Qorik Oktagalu Pratamasunu, 3R. Abi Mayu
Bie Rahman 1,2,3Department of Informatics, Sekolah Tinggi Teknologi Nurul Jadid, PP. Nurul
Jadid Paiton Probolinggo-Indonesia 1olief@sttnj.ac.id, 2gulpi
@sttnj.ac.id,3abiemayubierahman@gmail.com Abstract. Three- dimensishape oneof subjct
hich learned about an object that has volume.

It is introduced in elementary school. To help students in imaging 3D shape in textbook which
is presented as 2D, we develop a mobile augmented reality. An augmented reality turns the
environment into a digital interface by placing virtual objects in the real world, in real-time.
The augmented reality can be utilized to visualize the object of 3D shape.

By using it, students can imagine 3D shape and learn its properties such as face, edge, and
vertex as well the formula of volume and surface area independently anywhere and anytime.
Furthermore, it can create an effective and fun learning activities. Kata Kunci: mobile
application, augmented reality, three-dimensional shape. INTRODUCTION Three-dimensional
shape (3D shape) about an object that has height, width, and depth. A 3D shape is useful in
daily life.

It can be used for interior design, for instance. Designing interior requires mathematics
solution, especially 3D shape, to calculate the area and volume of an object. 3D shape is
introduced in elementary s of cognitive development, a student in elementary school is
classified in concrete operational stage. During this stage, they start solving problems
logically, but understanding an abstract concept has not yet been completely adapted.

Therefore, they have difficulties to imagine 3D shape which is presented as 2D shape in their
textbook. A model can be used to visualize the object of 3D shape. One of a model which can



be utilized is an augmented reality technology. An augmented reality turns the environment
into a digital interface by placing virtual objects in the real world, in real-time.

By using augmented reality, a 3D shape which is presented as 2D shape, can be visualize in 3D
objects. Hence, it is very helpful to introduce a 3D shape subject for elementary students.
Related work about augmented reality is conducted by Ghaisani, et al (2012). They developed
augmented reality-based learning mathematics for first-year elementary students on Android.
Other research has been done by Rusnandi, et al (2016).

They implemented augmented reality on modeling 3D shape for elementary students. In other
work, Larsen, et al (2011) and Owen, et al (2011) has conducted a research and concluded that
augmented reality can increase students’ intn learnces. In this paper, we develop a mobile
augmented reality for helping students in understanding 3D shape and its properties.

By using a mobile, students can observe a 3D object and its properties anywhere and anytime
independently. In addition, the use of augmented reality technology media can attract
students in learning 3D shapes. THREE-DIMENSIONAL SHAPE Three- dimal shape a model an
which a e. In other word, it has length, width, and depth. Some of 3D shapes are showed at
Figure 1.

A box usually modeled by a cube or a cuboid, a can is presented by a cylinder, and a ball is an
example of sphere. Figure 1. Some of 3D shapes A 3D shapes have some attributes such as
face, edges, and vertices that is presented by Figure 2. Faces is the flat surfaces of 3D shape.
The line segment where two faces meet is called an edge. A vertex is a point where three faces
meet. Cube and cuboid have 6 faces, 12 edges, and 8 vertices.

Square based pyramid has 5 faces, 8 edges, and 5 vertices. Sphere only has 1 face with no
vertex and edges. Figure 2. Face, edge, and vertex of 3D shape Since 3D shape has faces, we
can calculate the surface area of the 3D shape. Surface area is the sum of all the areas of all
the shapes that cover the surface of the object. For example, cube has 6 square faces.

So, the surface area of the cube is 6 x ?? 2 where ?? is the length of the edge. In general, to
find the volume, 3D shapes can be classified into prism, pyramid, and sphere. Prism is a 3D
shape with two congruent parallel faces, where any cross-section parallel to those faces is
congruent to them.

Triangular prism, cube, and cuboid are an example of prism. Pyramid is a 3D shape that has a
base and three or more triangular faces that meet at a point above the base (the apex). While
a sphere is 3D shape where all of the points in the surface have the same distance with the
center point.



Equation (1), (2), and (3) are the formula of volume of prism, pyramid, and sphere,
respectively. 7?2 = 2?27?2222 (1) ??2 =13 7?27?2727 (2) ?? =4 37?3 (3) where ?? is the volume of 3D
shape, ?? ?? is the area of base, ?? is the depth of 3D shape, while ?? is the radius of the
sphere.

AUGMENTED REALITY Augmented Reality (AR) is the integration of digital information with
the user's environment such as image, animation, voice, and smell in real time. It uses the
existing environment and overlays new information on top of it. The AR adds digital imagery
and data to supplement views of the real world, giving users more information about their
environments.

Figure 3 showed the utilization of AR. Figure 3. The utilization of augmented reality
technology The AR applications are written in special 3D programs that allow the developer to
tie animation or contextual digital information in the computer program to an augmented
reality "marker" in the real world.

When a computing device's AR app or browser plug-in receives digital information from a
known marker, it begins to execute the marker's code and layer the correct image or images.
Figure 4. The architecture of augmented reality In general, the algorithm for inserting virtual
objects to augmented reality technology begins with the detection of interest point on
images captured by the camera.

From the interest point, coordinates are obtained and will be used to set the position and
rotation when adding a virtual object. This process is shown by Figure 4 (Liarokapis, 2002).
METHOD OF MEDIA DEVELOPMENT The stages in developing a mobile augmented reality for
introducing three-dimensional shapes and its properties are structured as Figure 5. First stage
of this research is observing how learning activity in studying three-dimensional shapes in the
school.

The problem arise is students have difficulties to imagine 3D shape in the textbook. From the
problem, the second stage is planning to develop a media that can help students to
understand about 3D shape. Hence, we develop a mobile augmented reality for introducing
3D shapes and its properties. Figure 5.

Stages in developing a mobile augmented reality for introducing three-dimensional shapes
and its properties Define Plan Synthesize Design Implementation Testing Revise Publish
Collect The next stage is collecting initial data requirements. In this development of mobile
augmented reality, we collect a subject about 3D shape and some references about
augmented reality.

The data will be synthesized as a basis in system design. The design of this media



development is design of interactive applications in learning 3D shapes by using augmented
reality technology. The design of this system includes three important aspects: (1) making 3D
objects of 3D shapes (2) designing user interface and (3) designing of AR-based system flow.
The result of design system will be implemented into Unity software by combining the result
of the three aspects of the design system.

Before publishing the media, it is necessary to test the program. This process ‘s aims to find
out the errors in the presentation of subjects or other errors that can interfere the learning
process. If there are some errors on the system, it is necessary to revise the program. After
revising process, do testing again.

It is continuously done until the system meets the development goals. DEVELOPMENT
RESULTS In the process of developing augmented reality-based learning media, it takes some
software support, such as Unity and SketchUp software. Unity is used to develop augmented
reality-based application. SketchUp is used to design 3D object of 3D shapes.

In addition, developing of this media used a computer with specifications Processor Intel(R)
Core(TM) i7 CPU 2.20 GHz and 4.00 GB RAM. This application runs on a smartphone with
minimum specification Android version 4.0. Figure 6 The design of user interface of main
menu User interface is designed based on the needs of AR-based learning applications that
are translated into menus which support the input, process, and output. Since this application
runs on a mobile, we designed the user interface simply.

The design of user interface is shown by Figure 6. There are 5 buttons for face, edge, vertex,
volume, and surface area. There are spaces for displaying the name of the shape, the
augmented reality of the shape, and the formula. After design stage, we developed the user
interface of main menu.

In initial appearance of main menu, there is an instruction to scan the marker as shown by
Figure 7. First, to get the augmented reality of 3D shapes, we have to prepare the markers, so
that the application can detect the correct 3D shape. For an example, Figure 8 show the
marker of cube.

Place the smartphone right above the marker then the augmented reality of 3D shapes will
appear as shown by Figure 9. We can move the smartphone slowly to observe the 3D shapes
from any angles. Figure 7 The user interface of main menu In Figure 9, the application
detected cube from the marker.

If the option edge and volume are selected, then the application displays all the edges of the
and he a cube’s volumThe aof ugmented ealiy show edges the ula cube’s e also be seen at
Figure 10. Figure 8 The display of the marker Figure 9. The display of the augmented reality



for showing the edges and the formula of volume of cube Figure 10.

A mobile augmented reality for 3D shape displays edges of cube Figure 11. A mobile
augmented reality for 3D shape displays faces of cube Figure 10 and Figure 11 showed that
the 3D shapes which presented as 2D shape in textbook can be visualized as real object.
Moreover, we can explore the augmented reality for introducing the attributes of 3D shapes,
such as face, edge, and vertex.

We also add some information about the formula of the volume and the surface area of the
shape. It is very useful to help students in learning 3D shapes. By using this application,
learning activities in class will be interesting and efficient. CONCLUSION Based on the
development results, an augmented reality can be utilized in education, especially for a
subject that requires the ability to imagine an object, such as three-dimensional shape. This
mobile augmented reality works on a smartphone with minimum specification Android
version 4.0.
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