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ABSTRACT

With enhanced processing capability of mobile platforms, augmented reality (AR) has been considered a promis-
ing technology for achieving enhanced user experiences (UX). Augmented reality is to impose virtual information,
e.g., videos and images, onto a live-view digital display. UX on real-world environment via the display can be
effectively enhanced with the adoption of interactive AR technology. Enhancement on UX can be beneficial for
digital learning systems. There are existing research works based on AR targeting for the design of e-learning
systems. However, none of these work focuses on providing three-dimensional (3-D) object modeling for en-
hanced UX based on interactive AR techniques. In this paper, the 3-D interactive augmented reality-enhanced
learning (IARL) systems will be proposed to provide enhanced UX for digital learning. The proposed IARL
systems consist of two major components, including the markerless pattern recognition (MPR) for 3-D models
and velocity-based object tracking (VOT) algorithms. Realistic implementation of proposed IARL system is con-
ducted on Android-based mobile platforms. UX on digital learning can be greatly improved with the adoption
of proposed IARL systems.

1. INTRODUCTION

In the age of information exploration, education and self-learning becomes more and more important in the
daily life. Digital learning or e-learning systems with the growth of the Internet make education not confined
in the classroom. As the rapid popularization of smartphones, digital learning systems on mobile platform can
realize the idea to learn anytime everywhere. It is essential to design digital learning systems with enhanced user
experience (UX) to increase learning efficiency. With the advancements of the processing capability of mobile
platforms, augmented reality (AR)1 has become a potential technology for enhanced UX. The virtual information
such as videos and images can be imposed onto a digital display through AR technology. Furthermore, integrating
AR technology with user interaction capability can draw user interests for digital learning system.

In general, AR on mobile platforms can be divided into two categories. One is to impose geographical
information, e.g., place information, onto real-time captured views. This category is suitable for the context-
aware digital learning system such as guide system. However, users location is required in this category. Though
users location can be acquired In the GPS-equipped smartphone today, position accuracy is still not satisfied
for this kind of application especially in the indoor environment. The other is to detect marker or markerless
image and replace the image with corresponding three-dimensional (3-D) object on screen. Note that it requires
pattern recognition to detect this specific image with high CPU loading. There are existing research works based
on AR targeting for the design of e-learning systems.2–4 However, none of these work focuses on providing 3-D
object modeling for enhanced UX based on interactive AR techniques.

In order to interact with e-learning systems for enhanced UX, it is essential to perform real-time object
tracking to recognize the commands or orders from the user. There are several research works targeting on
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real-time vision-based object tracking. Hand tracking with the color glove5 identifies hand gesture with high
precision. However, marker-based tracking is not suitable for mobile platform. Tracking object using background
subtraction6,7 can identify the position of moving object, but steady background is required for subtraction which
might not be suitable for moving object. Real-time hand tracking based on depth images identifies foreground
object fast and reliable, but depth images8 can only be acquired from time-of-flight camera or stereo camera,
which are not commonly equipped in mobile device. Color based hand tracking9 can be implemented on different
mobile platforms because it only requires a color camera, which is generally equipped in mobile device. The
method also allows the mobility of the camera. However, it may encounter mismatches when the object moves
in the area where the background has similar color as the object.

In this paper, an interactive augmented reality-enhanced learning (IARL) system is proposed to combine both
of the technologies. When readers use a mobile phone with a camera to read the picture from a picture book,
the proposed IARL system generates a 3-D AR object for this picture on the display. Meanwhile, the design
of IARL system also allows user to interact with 3-D AR objects which makes digital learning more attractive,
e.g., user’s hand moving to roll the 3-D object. The markerless pattern recognition (MPR) is proposed as the
AR technology to the IARL system because image recognition can be more useful for e-learning without the
place limitation. Considering that IARL system is realized on mobile device, the color-based tracking method
which has lower computational complexity is conducted. However, color-based hand tracking may fail to detect
the hand when the background has similar color as hand color. The velocity-based object tracking (VOT) is
proposed to enhance the hand color tracking with the consideration of the hand moving velocity. Therefore, the
VOT algorithm detects hand moving to roll the 3-D object generated by MPR. The design of the IARL system,
which transfers static pictures to 3-D AR objects on a mobile phone and allow interaction with the objects,
generates a new way to draw attentions from the readers compared to traditional education materials.

The paper consists of four sections. In Section 2, the proposed IARL system is described. Section 3 presents
the results and the discussion of the proposed IARL system with examples from picture books that are followed
by the conclusion in Section 4.

2. PROPOSED IARL SYSTEM
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Figure 1. Flowchart of the proposed IARL system
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Fig.1 is the flowchart of the proposed IARL system. It comprises two parts - the MPR algorithm in the left
part and the VOT algorithm in the right part of Fig.1. The first step of the MPR algorithm is natural feature
analysis. Feature points are captured from every incoming frame and stored into an array. The second step is
pattern recognition, which compares the feature points in the stored array and the device database, to decide
if there is any 3-D object in the database contained in the captured frame. If the decision is true, the system
draws the 3D object in the third step. After that, the velocity estimated from the VOT algorithm is utilized to
decide whether the object is rotated in the fourth step. In the VOT algorithm, each frame converts to YCrCb
space first. In YCrCb space, Y represents brightness information, while Cr and Cb represent color information.
In the first frame detection, it scans the whole frame and estimates the hand coordinates as the initial value.
When the second frame is captured, the system starts to scan pixels around the hand coordinates in previous
frame. After consecutive coordinates of user’s hand are captured, hand moving velocity can be estimated and
serves as an input to the MPR algorithm to rotate the object. In the following subsections, the MPR and VOT
algorithm are introduced in details.

2.1 Proposed MPR Algorithm for 3-D Models

In order to implement the markerless pattern recognition, Qualcomm Vuforia10 is adopted to identify the real-
world target instead of the marker which only comprises black and white shapes. The process of the markerless
pattern recognition is divided into two sections including natural feature analysis and pattern recognition.

2.1.1 Natural Feature Analysis

Identifying a real-word target is a challenging task because large amount of pixels computation are required. To
speed up the recognition process while sacrificing some sort of precision is acceptable, only special and explicit
points of images are extracted. Vuforia adopts a technique called natural feature to simplify the recognition
process. Natural feature is a sharp, spiked, chiseled detail in the image. It is defined as a sharp turning point at
the edge of two contrast colors. The natural features can be utilized to describe the features of the target image
simply because they are the most apparent parts of an image for computers to recognize. For example, a frame
with a black rectangular on white background, the natural features would at four corners of rectangular since
they are the sharp turning points at the edge and their colors, i.e., black and white, are contrast to each other.
Another example, a black circle on white background, there would be no natural feature because there is no
sharp turning point at the edge. Vuforia SDK offers an online target management system for user to analysis its
own image target. After natural features analysis, those feature points will be stored into an array and output
to a pattern file. In Fig.2(b), yellow stars represent the feature points of Fig.2(a) to serve as an example for
natural feature analysis. In the proposed IARL system, the natural feature analysis is applied to detect the
feature points. The natural feature points of the images in the picture books are stored in advance to offer a
database for online pattern recognition.

(a) Original picture (b) Feature points of the picture

Figure 2. Natural feature analysis
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2.1.2 Pattern Recognition

In the proposed IARL system, pattern recognition detects if any specific targets from the picture books present
in the captured frame. If so, the 3-D object is displayed and the size of the 3-D object can be determined by the
distance between the book and the camera. A database is required for the pattern recognition to decide if the
current frame contains any pictures from the picture book. There are two ways to build the pattern database,
i.e., device database and cloud database. Device database is more common for database building and the pattern
files are imported in the device for online pattern recognition. Cloud database is the most popular tendency
recently because of the progress of the Internet. With high speed Internet network, the target image can be
transferred through the network and the pattern recognition can be achieved with the database on cloud. In
the proposed IARL system, device database is introduced for pattern recognition. The proposed IARL system
establishes mathematic model for the 3-D object. Those mathematic models can be used to compute the 3-D
coordinates for the recognized target. The target position will be returned so it can establish the coordinate
on the image to build the 3-D object and the rotation of the object can be calculated real-time based on the
mathematic models.

2.2 Proposed VOT Algorithm

The concept of Bayesian estimation is utilized in the proposed VOT algorithm to estimate the hand location for
the interaction purpose. The camera captures a frame and skin color is detected pixel-by-pixel. To estimate the
hand location, the pixels with skin color are defined as the hand location. However, determining hand position
by skin color may be interfered by the other skin color objects or other people’s hands in the background. To
enhance the performance, Bayesian estimation is introduced in this algorithm as,

P (x | y) ∝ P (y | x)P (x) (1)

where x is the hand position and y is the color frame captured from the camera. P (x | y) is the posterior
probability of the hand position given the evidence of the captured pixels. P (y | x) is the likelihood function,
which is defined as the skin distribution of total frame captured by camera. P (x) is the prior probability, which
is the information of hand region in previous frame.

Likelihood

Skin Skin

Skin Skin

Skin

Noise Noise

(a) Likelihood of the frame

Prior

10
0 
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xe

ls

100 pixels

(x, y)

(b) Prior of the frame

Figure 3. Bayesian concept in the VOT algorithm

Through the Bayesian estimation, the posterior probability considers both the prior information from the
estimated hand region in previous frame and the likelihood function based on the captured frame. The hand
tracking performance can be enhanced with the knowledge of posterior probability. When total frame is utilized
to detect the hand position, other skin-color objects which are not of interests may be included. As shown
in Fig.3(a), the hand position is at the left upper corner. However, there are other skin-color objects at the
right corner denoted as noise. With estimated hand position in previous frame, as shown in Fig.3(b), the
prior information of the hand position is at the left upper corner. The prior region as the red box in Fig.3(b)
represents the prior information which is centered at the previous estimated hand position. By multiplying the
prior information and the likelihood function in (3), it removes the possibility of the hand location in the right
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corner region. Therefore, Bayesian estimation enhances the performance by considering hand tracking in the
proposed algorithm.

In addition, the constant velocity hand movement model is also adopted as the state update model to serve
as the prior information. By assuming user’s hand moves with a constant velocity over different time instants,
next hand position can be predicted based on the estimated velocity. The prior region as the red box in Fig.3(b)
moves to the location of the predicted position. With the information of velocity, the proposed VOT algorithm
can adapt to the hand movement faster than the scheme without the information of velocity, because the prior
region can move to the location where user’s hand may appear in the next frame first.

Next, the VOT algorithm is illustrated in detail. In the beginning of the algorithm, the frame is transformed
into YCrCb color space and further divided into 16× 16 blocks, where the pixel number of each block is relative
to the resolution of the display. Note that Cr and Cb represent color information with the full 8-bit range of
0−255. In the VOT algorithm, the skin pixel is detected if the Cr and Cb color information of the pixel satisfies
the following equation,

skin color :

{
77 ≤ Cb ≤ 127
133 ≤ Cr ≤ 173

(2)

If the number of skin pixels in a block is over the pre-defined threshold, e.g., 60% of pixels in a block are
detected as skin color, this block is regarded as a skin block. After every blocks in a frame is detected, the hand
coordinates are estimated as the average coordinates of the skin block as the following equation,

(x, y) =

∑N
i=1(xi, yi)

N
(3)

where (x, y) denotes the hand coordinates and (xi, yi) represents the coordinates of each skin block. N represents
total skin block number.

After detecting hand coordinates in the first frame, the region near the hand coordinates is served as the
prior information for next time instant. The prior region as the red box in Fig.3(b) is chosen as 100 × 100
pixels squared region center at previous hand coordinates, where the region size can be determined according
to different scenarios. As the prior information shown in Fig.3(b), the region outside this prior region has zero
prior probability. When detecting hand’s coordinates in the second frame, the skin color detection only focus
on this prior region. Other skin-color objects appear outside the squared region will be filtered out because the
VOT algorithm only detects the skin color inside the prior region. Consequently, the tracking error and the
computational complexity can both be reduced.

After hand positions at the two consecutive time instants are estimated, the velocity information is obtained
through the following equation,

(vnx , v
n
y ) ∝ [(xn−1, yn−1)− (xn−2, yn−2)] (4)

where vnx represents the velocity along x-axis in nth frame, vny represents the velocity along y-axis in nth frame.
Note that the velocity is measured as the hand position difference per sample time between two consecutive
frames. xn and yn represent the coordinates of user hand in nth frame. From (4), the hand coordinates can be
predicted by the velocity information starting from the third frame as the following equation,

(xn, yn) ∝ (xn−1, yn−1) + (vnx , v
n
y ) (5)

The prior region moves to the predicted coordinates and the proposed VOT algorithm starts to detect skin
pixels in this squared region which center at the predicted position. The prior information combines the previous
estimated hand position with the velocity information. Therefore, hand location can be tracked with the constant
velocity movement model. By sequentially repeating these steps with the incoming frames, the user’s hand can
be estimated with more reliable precision and lower computational complexity. Providing that the hand tracking
lose track, i.e., the pixels in the prior region does not reach the skin color threshold, the VOT algorithm detect
the whole frame automatically and then find a new prior region to detect user hand position in next frame.
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3. RESULT AND DISCUSSION

First, the results of MPR algorithms are presented to discuss the pattern recognition and 3-D object generation.
Note that the proposed IARL system including the MPR and VOT algorithm is implemented on the Android-
based mobile phone. Fig.4(a) is an two-dimension (2-D) image of a picture book. Fig.4(b) shows the same
picture and the 3D object of the sculpture by MPR technique. When mobile camera captures a frame with a
specific pattern in the picture book, the 3-D object is generated with the pre-specified 3-D model. The result
shows that the 3-D AR-enabled canyon sculpture is generated at the position where the camera of mobile device
captures the 2-D version of canyon sculpture. As shown in Fig.4(b), the 3-D object is generated and displayed
on the screen to overlaid with the 2-D model. The coordinates of the 3-D object would be calculated real-time
according to the distance from the camera to the picture book or the rotation of the mobile camera. For example,
different view angle of the 3-D object can be achieved by rotating the mobile camera.

(a) 2D image in picture book (b) 3D model of the image

Figure 4. Results of the proposed MPR algorithm

To illustrate the effectiveness of hand tracking in the proposed VOT algorithm, Bayesian method with and
without velocity information are compared in Fig.5. In the example, user’s hand moves fast from right to left
as shown in the frames captured consecutively from Figs.5(a) to 5(d). The green color denotes the algorithm
without velocity information, while the blue color represents the proposed VOT algorithm. When user’s hand
is static, blue point and green point locate in the same coordinates as shown in Fig.5(a). As hand starts
to move, blue point can predict the next hand coordinates and moves first in Figs.5(b), 5(c) and 5(d). The
VOT algorithm adapts to the hand movement faster than Bayesian algorithm without velocity information.
This example demonstrates that the prediction in the VOT algorithm with constant velocity movement model
improves the tracking performance.

(a) (b) (c) (d)

Figure 5. Results of the proposed VOT algorithm

Finally, the example by utilizing the IARL system which combines the MPR and the VOT algorithms is
illustrated in Fig.6. The interaction with the 3-D AR object is initiated by the hand movement. As shown
in Fig.6, the user hand movement makes the 3-D AR object recognized from a 2-D picture rotate clockwise or
counterclockwise. When user’s hand moves from left to right, the model rotates counterclockwise. From Figs.6(a)
to 6(d), a phoenix rotates clockwise when user’s hand moves from right to left. The example demonstrates that
the proposed IARL system can interact with 3-D AR objects on the mobile devices.

4. CONCLUSION

Implementation of the proposed interactive augmented reality-enhanced learning (IARL) system is conducted
on Android mobile platform. The markerless pattern recognition (MPR) algorithm recognizes the specific target
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(a) (b) (c) (d)

Figure 6. Results of the proposed IARL system

from the camera captured two-dimensional (2-D) frame to generate the three-dimensional (3-D) augmented
reality (AR) object. The proposed velocity-based object tracking (VOT) algorithm tracks the hand movement
by combining the skin color detection and the velocity information. Therefore, user not only reads the picture
book but also interact with the 3-D AR object on mobile phone through the hand movement. The proposed
IARL system enhances user experiences, which are beneficial for digital learning systems. The interaction with
3-D AR objects on mobile phone can increase the learning efficiency such as draw the reader’s attention or create
a new way for people to learn. However, there is still a room to reduce computational complexity. To further
reduce the computation complexity of the IARL system for more accurate pattern recognition or hand tracking
is considered as the future work.
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