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Abstract. This research presents the use of moving average to calculate the smooth data for mobile
augmented reality on web application with HTML5. The advantage of HTMLS5 is that the users can access
the application immediately without installation application required. The process of implementation mobile
augmented reality are access the mobile camera, getting GPS data and handling orientation data. The user’s
viewpoint is calculated in the handling orientation data from the sensor. It is based on the web browser and
the sensor, the data in general is not free from noise and jitter. The moving average is used to smooth the
time series data in the short-term fluctuations. The research use simple moving average and exponential
moving average to estimate the smooth data. In the maximum different adjacent data at 5, the root mean
square error of simple moving average and exponential moving average are 4.63 and 4.14, respectively. The
result shows that exponential moving average is better than simple moving average.
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1. Introduction

The Augmented Reality (AR) is a technology which allows the user to see the real world with the virtual
objects. The commercial mobile AR applications already exist (e.g. Layar, Wikitude and Aurasma) but they
all require installation on the user’s device. It is not suitable for the user. They have to install the specific
application for each usage. The HTMLY5 is a technology which can be allowed in a cross-platform manner.
The HTML5 supports the developer to use the mobile device sensors. The paper in [1] develops the marker
based mobile AR application with HTML5, webRTC and XML3D. The application is a cross-platform
supported web browser. In [2], the framework for mobile web application using HTMLS5 is presented. The
framework can be used for the implementation of mobile web application with the marker based. The benefit
of HTML5 is that users can use the application without installation required.

The processes to develop the augmented reality with the location based on web application are access the
device camera, getting GPS data and handling orientation data. The tilt of the device is captured to be used
for a direction of the user’s viewpoint. The HTML5 events allow the access of the sensor information. The
implementation of these events varies. It is based on the web browser and the sensor, the data in general is
not free from noise and jitter. The filter steps need to be applied. There are many types of filtering [3] such as
the different interpolating polynomials method, splines, Fourier transform and wavelet transform. Some filter
requires high computational and increases the processing time but the system needs to be in real-time. The
filter, which is called smoothing filter, results in smoother data over time. The exponential moving average
(EMA) is a moving average filter which has also used by different researchers for smoothing filter [4-6]. The
EMA is good combination of low computational cost and relatively high accuracy.
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This paper presents the smoothing orientation data from the mobile sensor using the moving average
filter. This process enhances the user’s viewpoint movement which is one of steps for development the
location based mobile augmented reality with web application.

2. Mobile AR with Location Based

There are 3 processes [7] to develop the mobile AR with location based on web application: access the
mobile camera, getting GPS data and handling orientation data.

o Access the Mobile Camera: The getUserMedia is a method of Navigation object which can support
the developer for permission to use the camera. The live video is delivered to the <video> element in
the specified success JavaScript callback function.

o Getting GPS Data: The Geolocation is a HTML5 API for access to the device geographical locations.
The Coordinate object properties to get the geographic coordinate are latitude and longitude. They
are measured in the decimal degrees. The GPS data is used to calculate a user’s bearing. For the
bearing, it is the angle between the North and the user’s position to the POI (point of interest).

¢ Handling Orientation Data: The tilt of the device can be captured from the sensor with the HTML5
API, DeviceOrientation. There are 3 properties [8]: alpha, beta and gamma. The alpha property is a
direction of the device according to the compass. The alpha angle can range between 0 and 360
degrees. The alpha is 0 when the top of the device is pointed directly to Earth’s North Pole. The
alpha property is used to be a direction of the user’s viewpoint. The beta and gamma properties are
the angle in degrees of the device which is tilted front-to-back and left-to-right, respectively. The
range of beta is between -180 and 180 degrees. The range of gamma is between -90 and 90 degrees.
Fig.1 shows the user’s bearing to POI and the user’s viewpoint which are calculated from GPS data
and alpha property, respectively.

POI

Fig. 1: The user’s viewpoint and the user’s bearing to POI.

3. The Moving Average

The moving average is used to smooth the time series data in the short-term fluctuations. A simple
moving average (SMA) is a simple low-pass filter. It estimates the data by using sliding window. The
equation for the n-sample (window size) SMA is [5]:

St = (X1+Xt_1+xt_2+... +)(t_n+l)/n (1)
where S; is the output of SMA and X is the raw data.

The Exponential Moving Average (EMA) is one of moving average commonly applied to smooth data.
The EMA uses the exponential window function which assigns the exponentially decreasing weights over
time. The general proportional weights are expanded to obtain: [1 (1- «) (1- @)* (1- @) ...]. The EMA
output is given by equation below [3]:

SI = aXt + (1-0()St_1 (2)
where S; is the output of EMA, X; is the raw data, and « is the smoothing factor (0O<a<1). The errors are
specified as root mean square error (RMSE). The parameters can be estimated by minimizing the RMSE.
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4. Experiment and Result

The mobile AR application analyzes the tilt of mobile data for the criteria of user’s bearing and the
user’s viewpoint. When the user changes viewpoint, the DeviceOrientation event will send the data from the
sensor. The experiment is test on the SAMSUNG A7 mobile with Android 6. The application runs on
SAMSUNG internet 5.4 (web browser) for handling the orientation data.

210 % T T

200 - x -

190 |- x oy .

180 - R T W i
x

170 |- x .

160 - X x n

Degree

Hxex X
x

x
140 - P
130 - ¢ .
120 - x

110 - x a!

100 1 I I I 1
0 20 40 60 80 100 120

Sample

Fig. 2: The user’s viewpoint.

Fig. 2 shows the data set of user’s viewpoint from alpha property in DeviceOrientation event when the
user focus on the South to the East (90 < a < 180). There are 120 samples. The maximum different adjacent
data (4S; = |S; — St4]) is 15 degree. It shows that user’s viewpoint changes rapidly. The mobile AR data will
blink, display and disappear alternately. The data need to be smooth. In Fig. 3 shows the results of using
SMA with window size are 3, 5, 7 and 9 to calculate smooth data.
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Fig. 3: The SMA result.

Table 1: The SMA performance.

window size max(4.sSy) RMSE
3 6 3.30
5 5 4.63
7 4 5.81
9 3 6.44
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In Table 1, the results show that the largest max(4S;) is 6 at the window size is 3 and the smallest
max(4Sy) is 3 at the window size is 9. The window size at 9 is more smooth data than window size at 3
because the bigger window size calculates the average from more samples. But the smooth data has worse
RMSE because the raw data is more fluctuation. The EMA is used to calculate the smooth data. The results
show in Fig. 4 and Table 2. The « is varied at 0.1, 0.2, 0.3, and 0.4. When the « is smaller, the data estimated
is more smooth. It is the effect of the proportional weight. If the a is smaller, the previous EMA (S;,) is more
weight. The same as SMA, the smooth data has worse RMSE.
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Fig. 4: The EMA result.

Table 2: The EMA performance.

smoothing factor («) max(A4Sy) RMSE
1 2 9.86
2 4 5.63
3 5 4.14
4 6 3.17

In Table 3, the comparative RMSE of SMA and EMA are shown. At the same max(4S;), the RMSE of
EMA is smaller than SMA. It shows that EMA is suitable for estimating smooth data. The advantage of
EMA is using 2 data: raw data (X;) and previous EMA (S.1), while SMA used n-1 previous data.

Table 3: The comparative RMSE of SMA and EMA.

RMSE
max(4Sy)
SMA EMA
4 5.81 5.63
5 4.63 4.14
6 3.30 3.17

5. Conclusion

In this research, the moving average is used to smooth the orientation data of mobile device. The
orientation data are used to be the user’s viewpoint. If the user’s viewpoint changes rapidly, the mobile AR
data will blink, display and disappear alternately. This research enhances the user’s viewpoint movement
which is one of steps for development the location based mobile augmented reality with web application.
The simple moving average (SMA) and exponential moving average (EMA) are used to estimate the smooth
data. The SMA estimates the data by using sliding window with the n-sample. The EMA uses the
exponentially decreasing weights over time. The smooth data can be estimated by minimizing the root mean
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square error (RMSE) and the maximum different adjacent data. At the same maximum different adjacent
data, the RMSE of SMA is more than the EMA. The result shows that EMA is better than SMA.
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