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Abstract. Recently, many studies have been conducted on using inaudible high
frequencies for wireless communication based on smart devices and data
transmission algorithms. However, many studies have identified a problem such
that transmission accuracy is extremely low because of ambient noise in the
real-life environment. To solve this problem, we proposed an application and
server system. The proposed application can gather many sounds, including
those with high frequencies; the gathered high frequencies are sent to a server
system that can detect a robust high-frequency range via statistical processing.
We tested the proposed application’s ability to gather noise and high frequencies
for a certain period of time to evaluate performance. According to the testing
results, the proposed application and server system could detect a robust
high-frequency range via noise analysis in real life. Therefore, the proposed
application and server could be a useful technology for future research on
inaudible high frequencies.
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1 Introduction

Recently, because of advancements in wireless communication technology and smart
device hardware, many studies have been carried out on data-correcting technologies
based on smart devices. Moreover, related research has evaluated the user work rate of
these technologies using smart devices and smart bands [1, 2]. In addition, many
studies on user movement and activity analysis related to technologies have used
various built-in sensors for smart devices [3, 4]. Smart device usage analysis focusing
on user behavior has been carried out as applications installed in smart devices [5].
Most of these studies have made use of server coupling technology for big data analysis
[6]. For example, user movement and activity analysis technologies send correcting
data about many people’s movements and location to a server. And then, analysis of
information on a server can be employed for various service models, such as hotspots,

© Springer Nature Singapore Pte Ltd. 2017
J.J. (Jong Hyuk) Park et al. (eds.), Advances in Computer Science and Ubiquitous Computing,
Lecture Notes in Electrical Engineering 421, DOI 10.1007/978-981-10-3023-9_2



10 M. Chung and I. Ko

favorite routes, and so on [7]. In addition, smart device usage analysis has been carried
out, such as when the user sends usage data about the smart devices to the server and
the server makes a decision as to whether the user is a smartphone addict by analyzing
the receiving data [8].

In another stream of research on smart devices, many new communication and
transmission technologies have been proposed using the devices’ built-in speakers and
microphone. Kim proposed user certification technology between personal computers
and smart devices using high frequencies in the audible frequency range of 18-22 kHz
[9]. In addition, Bihler developed a smart museum guide application using piezo
speaker and smart device [10]. Chung proposed not only smart advertising service
technology at a short distance, but also multi—data sharing technology among several
smart devices using high frequencies [11-13]. However, because these technologies
only use high frequencies that are inaudible to people, these frequencies often receive
interference from the ambient that is present real life. Thus, the data transmission
accuracy of Bihler’s application was only 50 % when used in a real-world setting;
moreover, Chung’s proposed method would not work well in an actual environment
because the test environment only comprised fixed noise from a speaker.

In this paper, we propose an application and server system for the detection of a
robust high-frequency range via noise analysis in the real-life environment. The
application uses a built-in microphone to gather ambient noise and analyze high fre-
quencies in it. To gather and analyze high frequencies using the built-in speakers of
smart devices, we developed the application based on a fast Fourier transform
(FFT) algorithm. When a user carries some day with a smart device, the application can
gather all noise and analyze high frequencies around the user anywhere and at any time.
The proposed server system receives the information on high frequencies gathered by
smart device and detects a robust high-frequency range through statistical processing
after saving the high frequencies to a database. To confirm performance of the pro-
posed application and server system, we carried out an experiment over the course of
seven days. According to the result of the experiment, we can state that the proposed
application and server system was able to detect the robust high-frequency range
without interference from ambient noise in the real-world environment. Thus, infor-
mation on the robust high-frequency range from the proposed application and server
system can be used to increase the data-transmission accuracy in many studies using
high frequencies.

The present paper is organized as follows: In Sect. 2, we describe the scene
organization and workflow of the proposed application and server system for the
detection of the robust high-frequency range. In Sect. 3, we explain the experiment to
confirm the performance of the proposed system; a conclusion and a discussion of
future research are provided in Sect. 4.
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2 An Application for the Analysis of Ambient Noise
and a High-Frequency Range Detection System

In this section, we explain the proposed system, which analyzes high frequencies from
ambient noise using a smart device and sends the high frequency to the server for

detection of a robust high-frequency range. Figure 1 shows the workflow of the pro-
posed application and server system.
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Fig. 1. The workflow of the proposed system

In Fig. 1, the application of the smart device collects various types of noise, such as
television sounds, construction noise, vehicle sounds, and so on in a real-world envi-
ronment via the smart device’s built-in microphones. The application processes the
gathered noise to generate FFT data in real time, and it selects high-frequency data from
frequencies of 15-22 kHz, which are inaudible to people. Following this, the application
saves the selected high-frequency data to the smart device’s local database; the
high-frequency data are saved up to a fixed quantity, at which point the application sends
the data to the server system and deletes them. Next, the server system collects
high-frequency data from smart devices and carried out basic statistical analysis. Thus, the
proposed system detects a robust high-frequency range in real time through this process.

The proposed application gathers high-frequency data by 100 Hz; it saves high-
frequency data to the database after confirming that high frequencies are present
according to number of frequency bins. The reason for division by 100 Hz is that most
of the existing research has used such division, and it can avoid interference from each
high frequency. Thus, the application gathers high-frequency data from ambient noise
and carries out FFT processes. Next, the server system saves received high-frequency
data from the smart device to a data collection table with the collection time. Simul-
taneously, the server saves the result concerning whether high frequencies are present
for each datum to the statistics table. When the server saves the high-frequency data to
the data collection table, it does not process any data, and it saves the original number of
high frequencies from 15-22 kHz from the smart device. The data collection table has
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Table 1. Data collection table schema for saving FFT data received from the smart device.

Schema | Type | Description

no int(10) | Number of counting of FFT data

time int(13) | Time stamp when FFT data were saved on smart device
s150 int(2) | Frequency bin value of FFT data at 15.0-22.0 kHz

$220 int(2)
reg_date | int(13) | Time stamp when FFT data from smart device was saved

the schema shown in Table 1. In Table 1, “no” counts the row number of FFT data, and
“time” means the saving time of the FFT data on the smart device. Moreover, s150 is the
number of high-frequency bins at 15.0 kHz, and s220 is the number of high-frequency
bins at 22.0 kHz. Finally, reg_date refers to the time FFT data were saved in this server
table. The statistics table for the detection of the robust high-frequency range has the
same schema as in Table 1. However, this table does not have a time field, which means
that the time stamp for the FFT data is saved on the smart device.

Because the statistics table only counts whether there is a high frequency, when the
server saves high-frequency data to the data collection table, the statistics table is
updated by counting the existing high-frequency data. Then, when we count the number
related to each high frequency from the statistics, we were able to identify some high
frequencies that often occur in the real-world environment; moreover, we could detect
the robust high-frequency range from rare high frequencies in the statistics table.

3 Experiments and Evaluation Using the Proposed
Application and Server System

This section introduces an application developed to gather ambient noise around smart
devices; here, we analyze the experiments and evaluate the proposed application and
server system. First, we developed the application based on i0S; Fig. 2 shows the main
screen of the application. In Fig. 2, the graph located on the left is the bin number of
each high frequency from the ambient noise gathered by the built-in microphone; we
can confirm high frequencies at 16.7, 16.8, 18.1, 18.2, 18.9, 19.0, 19.1, 19.2, and
20.7 kHz. The application analyzes current ambient noise currently and shows the
graph according to the FFT data when the user touches the “Frequency check” button
located on the right. To analyze the FFT data, for this experiment, we used a 48,000
sampling rate and the FFT library provided by Baoshe Zhang [14]. When a user
touches the “Start gathering noise” button, the application starts collecting and ana-
lyzing ambient noise at regular intervals, and the button is changed to “Stop gathering
noise.” The total duration of ambient noise collection is shown as the GTime, and the
total duration of the main screen is 28 min and 21 s. When the user touches “Send
gathering data” button, the application sends the total FFT data collected up to that time
to the server system; it shows the final sending time at “Last send” located at the
bottom right. Moreover, when the volume of collected data exceeds a specified amount,
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Fig. 2. Main screen of the proposed application for collecting of ambient noise

the application sends the FFT data to the server automatically even if the user has not
touched the “Send gathering data” button.

We carried out an experiment on the detection of the robust high-frequency range
using the proposed application and server system. A participant used a smart device
running the proposed application in everyday life for 7 d. Running time of the appli-
cation was from 9:00 to 10:00, 12:00 to 13:00, and 18:00 to 19:00; thus, the total
running time over the 7 d was 21 h. The participant’s working area varied during the
experiment, including home, cafés, a laboratory, the subway, bus stop stations,
crowded buses, and so on. The application collected and analyzed ambient noise at
2-min intervals and the participant touched “Send gathering data” button at each ending
time to send the collected FFT data to the server. The server systems for the FFT data
saving and statistics processing were Apache 2.2.14, PHP 5.2.12, and MySQL 5.1.39,
and the server system comprised an Intel® Core™ i5 CPU 750 and 8G RAM. Through
this experiment, the data collection table saved 630 records about high-frequency data
from ambient noise in a real-world environment; Fig. 3 gives an example of some
records in the data collection table. In Fig. 3, the “time” field is the saved time of
high-frequency data of the row as a time stamp. For example, the time value of no 1 is
1463356872, referring to 09:01:12, May 16th, 2016.

A total of 71 fields were present in the data collection table from save frequency
bins of s150 to s220 for each high frequency, and Fig. 3 shows a sample of these fields.
In Fig. 3, the value of reg_date from no 1 to no 10 is the same; this is because reg_date
is the time at which high-frequency data were saved from smart device to server, and
rows 1-10 were saved at the same time. Below, Fig. 4 shows the processing result of
statistics table, which determines whether each high frequency is present from the data
collection table.

Figure 4 represents a statistical graph concerning high frequencies that the partic-
ipant gathered over 21 h; we can see that some high frequencies were not evident, such
as 15.0-15.3, 15.9-16.2, 16.4-16.6, 17.3-17.6, 18.4-18.6, 18.8, 19.0-19.2, 19.4,
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time s150 s155 s160 s165 s170 s175 s180 s185 s190 s195 s200 s205 s210 s215 s220 reg_date

1 1463356872 1 1 i 0 3 2 0 0 0 1 0 0 0 4 0 1463360475
2 1463356992 0 3 0 4 6 0 0 0 0 1 0 0 0 0 0 1463360475
3 1463357112 0 3 0 4 6 0 0 0 0 1 0 0 0 0 0 1463360475
4 1463357232 0 0 0 0 3 0 6 0 0 3 3 0 0 0 0 1463360475
5 1463357352 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 1463360475
6 1463357472 0 0 0 0 0 0 0 0 0 0 11 0 0 4 0 1463360475
7 1463357592 0 11 0 4 0 0 0 0 0 0 0 0 0 0 0 1463360475
8 1463357712 0 0 0 2 [ 0 2 0 4 0 0 0 0 0 0 1463360475
9 1463357832 0 3 0 4 6 0 0 0 0 1 0 0 0 0 0 1463360475
10 1463357952 0 0 0 0 0 0 12 0 0 1 0 0 2 1 0 1463360475
Fig. 3. Example of FFT data collection from a smart device
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Fig. 4. The high frequency chart from the statistics table of the server

20.3-20.5, 20.7, and 20.9-21.6 kHz. Thus, we could detect robust high-frequency
ranges that hardly ever occur from ambient noise when we use the proposed application
and server system. Moreover, we consider that the detected robust high-frequency
range could not receive interference from ambient noise, which would occur in real life
when many researchers sought to use the range.

4 Conclusions and Future Work

In this paper, we proposed an application that can gather and analyze high frequencies
from ambient noise using the built-in microphone of a smart device and a server system
that can save high-frequency data to database and process statistics from the collected
data for the detection of the robust high-frequency range. From the experiment, we
confirmed that the proposed application could analyze high frequencies from ambient
noise in real time and send the FFT data to the server. In addition, we showed that the
server system can distinguish high frequencies that are often present from others that
hardly ever occur in the statistics table. Therefore, the proposed application and server
system would be useful for the detection of the robust high-frequency range from
ambient noise, and we expect that they can be used as effective technology in the data
communication and transmission field based on smart devices using high frequencies.
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Finally, in future research, we will study the analysis of the threshold a analyze in

relation to the propriety of the value when changed, because we only used a threshold
of 5 in this paper. Moreover, because we only tested the system 3 h per day over 7 d,
we need to collect more data for statistical processing and carry out more testing.
Therefore, we will perform many experiments with the proposed application and server
system over longer periods, and we will study statistical processing based on big data.

Acknowledgments. This research project was supported in part by the Ministry of Education
under Basic Science Research Program (NRF-2013R1A1A2061478) and (NRF-2016R1C1B
2007930), respectively.

References

10.

11.

12.

13.

14.

Park, J.T., Hwang, H.S., Moon, L1.Y.: Study of wearable smart band for a user motion
recognition system. Int. J. Smart Home 8(5), 33-44 (2014)

Jhajharia, S., Pal, S.K., Verma, S.: Wearable computing and its application. Int. J. Comput.
Sci. Inf. Technol. 5(4), 5700-5704 (2014)

Bo, C., Zhang, L., Li, X.Y., Huang, Q., Wang, Y.: Silentsense: silent user identification via
touch and movement behavioral biometrics. In: 19th Annual International Conference on
Mobile Computing & Networking, pp. 187-190. ACM, Miami (2013)

Wu, X., Brown, K.N., Sreenan, C.J.: Analysis of smartphone user mobility traces for
opportunistic data collection in wireless sensor networks. Pervasive Mob. Comput. 9(6),
881-891 (2013)

Falaki, H., Mahajan, R., Estrin, D.: SystemSens: a tool for monitoring usage in smartphone
research deployments. In: 6th International Workshop on MobiArch, pp. 25-30. ACM,
Bethesda (2011)

Chittaranjan, G., Blom, J., Gatica-Perez, D.: Mining large-scale smartphone data for
personality studies. Pers. Ubiquit. Comput. 17(3), 433—450 (2013)

Abe, M., Fujioka, D., Handa, H.: A life log collecting system supported by smartphone to
model higher-level human behaviors. In: 6th International Conference on Complex,
Intelligent and Software Intensive Systems, pp. 665-670. IEEE, Palermo (2012)

Mok, J.Y., Choi, S.W., Kim, DJ., Choi, J.S., Lee, J., Ahn, H., Song, W.Y.: Latent class
analysis on internet and smartphone addiction in college students. Neuropsychiatric Dis.
Treat. 10, 817-828 (2014)

Kim, J.B., Song, J.E., Lee, M.K.: Authentication of a smart phone user using audio
frequency analysis. J. Korea Inst. Inf. Secur. Cryptology 22(2), 327-336 (2012)

Bihler, P., Imhoff, P., Cremers, A.B.: SmartGuide: a smartphone museum guide with
ultrasound control. Procedia Comput. Sci. §, 586-592 (2011)

Chung, M.B., Choo, H.S.: Near wireless-control technology between smart devices using
inaudible high-frequencies. Multimedia Tools Appl. 74(15), 5955-5971 (2015)

Chung, M.B.: An advertisement method using inaudible sound of speaker. J. Korea Soc.
Comput. Inf. 20(8), 7-13 (2015)

Chung, M.B.: Effective near advertisement transmission method for smart-devices using
inaudible high-frequencies. Multimedia Tools Appl. 75(10), 5871-5886 (2016)

Baoshe, Z.: Java FFTPack. http://jfftpack.sourceforge.net


http://jfftpack.sourceforge.net

2 Springer
http://www.springer.com/978-981-10-3022-2

Advances in Computer Science and Ubiquitous
Computing

CSA-CUTEZ01E

Park, |.).; Pan, ¥.; ¥i, G.; Loia, V. (Eds.)

2017, %000, 1113 p. 527 illus., Hardcowver
ISBEN: 978-981-10-3022-2



	Detection of a Robust High-Frequency Range via Noise Analysis in a Real-World Environment
	Abstract
	1 Introduction
	2 An Application for the Analysis of Ambient Noise and a High-Frequency Range Detection System
	3 Experiments and Evaluation Using the Proposed Application and Server System
	4 Conclusions and Future Work
	Acknowledgments
	References


