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Abstract

In this paper, we propose an intelligent marketing service system that can provide custom

advertisements and events to both businesses and customers by identifying the location and contents

using the ultrasonic signals and feature information in voice signals. We also develop the encoding

and decoding algorithm of ultrasonic signals for this system and analyze the performance evaluation

results. With the development of the hyper-connected society, the on-line marketing has been

activated and is growing in size. Existing store marketing applications have disadvantages that

customers have to find out events or promotional materials that the

headquarters or stores

throughusing the corresponding applications whenever they visit them. To solve these problems, there

are attempts to create intelligent marketing tools using GPS technology and voice recognition

technology. However, this approach has difficulties in technology development due to accuracy of

location and speed of comparison and retrieval of voice recognition technology, and marketing

services for customer relation are also much simplified.

» Keyword: Ultrasonic encoding, Voice signal feature, Ultrasonic decoding, Mobile marketing, Intelligent

Marketing
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II. Analysis of Related Research and
Requirements Analysis

1. Ultrasonic Characteristics
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Fig. 1. Classification by Frequency Band of Sound

}-t 1
dlo
&
1o,
S
g
X
_l

EAS 7 ek AR ggo] gtk 5

75 gl 7HY el &5t
o WA = = elol) s gL Fol
A A drk EH ]J o] 7ait}. Aol 27} o] a
ko 2 AutE: dAS webn, 4gle] At Wk w}g}

2 FebA ngel St W SAE AR} Ao &

B 30 A R Az 540 FFsset. W W ﬂaoﬂ
A AEE F4 FFseh WA 25 e e Su7h 94
o}u} Soh £ Wao) nhe shge) AASEs wad o
AT 2 O A 54, FY A A, AEAE T
WA, A5 _osg A% mUE, vk B Stk

2. Ultrasonic Information Transmission Technology
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Fig. 2. Ultrasonic Signal Generation and Recovery
System Configuration Diagram
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Fig. 3. General Ultrasonic Encoding Conceptual Plot

W= 42 Table. 13} #o] 253 or] 9] WES 4
ME 2719} diolg] ME 871 H7PFue) vlo| 4 7 F4
A& 7). 18k ~ 20kHz WollA 43It H7le] &4
Fig. 47} 7+o] A2t AF-8(sync0) 2.2 A Zkste] do
o] NEAe} F8 AT (syncDE FAHEE A5 4 9=



An Ultrasonic Wave Encoder and Decoder

for Indoor Positioning of Mobile Marketing System 95

ole] & 8% = 262,144714)7} A}, shbe] == 300ms =
gk ojzle] ol 24271 Ak 5, H7lE vsd 8P A1 A
nfo] A Aol 24% 2 Wk o] 24% o)At ) F=

Table. 1. Band Configuration

Freq. Code
18000 syncO
18200 code0
18400 codel
18600 code2
18800 code3
19000 code4
19200 codeb
19400 code6
19600 code7
19800 synci
Packet { Code {
Code synco0; silence 50ms;
Code data[s6]; sin-wave(f) 200ms;
, Code syncil; , silence 50ms;

Fig. 4. Packet Format (For 6 datacodes)

3. Ultrasonic Signal Requirements for Transmitting

Marketing Information from Mobile Terminals
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Table. 2. Requirements for Generating and Restoring Ultrasonic
Signals

Requirements Explanation

Encoded ultrasound audio shall not be heard in

Inaudibilit )
u y human hearing (HAS)
The original information must be accurately
Accuracy
recovered.
It should be detected robustly even when mixed
Robustness with noise (environmental noise, noise of other

ultrasonic range).

After decoding, the delay time should be short

Responsiveness . . ) ) )
e until the original information is restored.

Decoding should be possible while consuming

Efficienc ) .
v less resources on mobile devices.
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[Il. Ultrasonic Signal Generator and
Recuperator for Mobile Marketing

1. Ultrasonic Wave Generation and Recovery
Method in Mobile Environment
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Fig. 5. Android Ultrasonic Retrofit Schematic
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2. Robustness and Packet Format for Noise
AAAAE flete] 78 T A AL sgo] A 719 &
7oA dele] IDE Yt 253 A, 28 AN S
-80db ~ —20db ©H&7]elA & ARE g1l 74@@ Lo}
945 = L;G S A ago].Oﬂ\:} 7z} db & 503 L;Gg 2 3] 93\_0_
Table. 37 £ A3E At} 53] 30db © &
Fo| HlaA Z Ffolr AF Adfge] 2 AS vt
o8 Qlato] 2gTt HEY o] F8 F
S A% A 924 code 49} codebe] =&
o] 337} wf§- 3m|ghS vheRdT)

A A ol i AR Ast AT A2kl 2 et
] -

-
(o3

e

1:110

H oo
oX.
M
-
[
i
Moo

01215} Smoothing
l 8] 2139 dol& FAaA7IBRE

Table. 3. Results of Accuracy Measurement in the Cafe
Environment

db Detection Rate Error Rate

-80 0.12 0.18
=70 0.32 0.09
-60 0.64 0.02
-50 0.71 0.04
-40 0.75 0.03
-30 0.84 0.02
-20 0.91 0
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Fig. 7. Sinkband Allocation Format

3. Ultrasonic generator/recovery device optimized
for mobile environments
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Fig. 9. Effects of Ultrasonic Encoding
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Fig. 11. Recovered Ultrasonic

Signal

Fig. 12. Example of Partial Loss Recovery
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Fig. 13. Chirp Signal Generation C Code

Fig. 14. Sink Sound Generation C Code (M=4)

Fig. 15. Data Generation C Code (M=4)
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Fig. 16. Spectrogram of Ultrasonic Waves Received
through the Microphone
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4. Experiments and Results
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Device Implementation
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Table. 4. Results of Experiments in the Environment of the
Cafe

DB Detection Rate Error Rate
80 0.42 0.01
=70 0.73 0.01
-60 0.9 0

=50 0.94 0

-40 0.98 0

-30 1 0
-20 1 0

IV. Conclusions

A Asd nHEE A3l IR ol &g Aol
oA o] &e Kutd npARA| =" oA wlAY A E =
3l A 9% 220 A7) 2 53018 A A
k! o] A 37k AdE AASITh i ARIES
o5l AW chirp Fele] 2o Q1= AT

doretaiet. o] & 3k cafe | &

!
2GF] 09 A2 2]

a4 g el

U=

oo
_>|~l_,
rlr
=
5
lo
ol
z
=2
=



An Ultrasonic Wave Encoder and Decoder

for Indoor Positioning of Mobile Marketing System 99

1 2 AelaH v ol
% 5 Qe ¥ =Rl Aok AAH chirp HeEll
Qg YL J)E And A FaF AFHES

b Mooz #
1> oX o oX
2
Ho =
X
N oo
>
o 2
ggﬁi
ol
yg i
lo by i <t
‘_'r_in{oﬁ
CO_O‘\‘
N}‘N'o}ii“j‘
oOllr_u
_‘—|—‘ro(,
ox, X I+
£ e
=
N ox
oS N
%0,
o
ol
B
l-«lj

o T ox > oo ml P oo il
Jor K oME A M do do ko
oft
tlo
%
~
2
o
fetl
>
op
et
o
o
¢
i)
B
=
)
9 o
)
ol

REFERENCES

[1] D. Schubmehl, “IDC Innovators: Machine Learning-Based
Text Analytics, 2016, IDC Doc #
US41312116, 2016. 05.

[2] S.G. Kim, M.C. Shin and J.Y. Kang, “Introduction and Case
Analysis of Chatbot Technology,” The Korean Institute
of Communications and Information Sciences, Information

Innovators,

and Communication Open Class Vol. 35, No. 2 (Appendix
No. 8), pp.21-28, 2018. 11.

[3] M.J. Kang, “A Study of Chatbot Personality based on

of Chatbot,”The
Association, journal of the Korean Content Society Vol.
18, No. 5, pp.319-329, 2018. 05.

[4] S.G. Lin, J.O. Kim “Transmission and Reception

the Purposes Korea Contents

Characteristics of Ultrasound According to Dimensions
of a Horn Guide Combined with an Ultrasonic Sensor,”

[5] W.J. Kwak and Y.H Noh, “A Study on the Development
of Curation Services of Specialized Library,” Korean
Biblia Society for Library and Information Science, Journal
of the Korean Biblia Vol. 30, No. 1, pp.53-75, 2019. 03.

[6] JW. Lee, BW. Min and Y.S. Oh, “Design of Moa Contents
Curation Service System Based on Incremental Learning
Technology,” The Korea Contents
Conference, pp.401-402, 2018. 05.

[7]1 HN. Choi, SW. Byun and S.P. Lee, “Discriminative Feature
Vector Selection for Emotion Classification Based on

Association

Speech,” The Transactions of the Korean Institute of
Electrical Engineers Vol. 64, No. 9, pp. 1363-1368, 2015.
[8] JW. Ryu and S.B. Y, “Hot spot DBC : Location based
information diffusion for marketing strategy in mobile
social networks,” Journal of Intelligence and Information
Systems Society, Vol. 23, No. 2, pp.89-105, 2017
[9] B.G. Lim and M.H Kang, “HW/SW Co-design For an
Ultrasonic Signal Processing System Using Zyng SoC,”
The Institute of Electronics and Information Engineers,
Journal of Electronic Engineering Society, Vol. 51, No.

8, pp.148-155, 2014. 08.

[10] E.S. Shin, D.H. Lee, SM. Kim, Y.C. Choi, Y.K. Lim and
H.L. Ko, “MATLAB Simulator Design for Acoustic-Based
Underwater Image Communication Systems,” The Korean
Institute of Communications and Information Sciences,
Journal of Academic Conference, pp.535-538, 2002. 11.

[11] J.S. Cho, “Noise Suppression Model in Frequency Domain
for Implementation of Noise Robust Speech Recognition
System,” The Korean Institute of Information Technology,
Proceedings of KIIT Conference, pp.377-378, 2018. 06.

[12] KW. Yang and HK Lee, “The research on the MEMS
device improvement which is necessary for the noise

environment in the speech recognition rate

improvement,” Korea Institute of Information and
Communication Engineering, Journal of the Korean
Society of Information and Communication, Vol. 22, No.
12, pp.1659-1666, 2018. 12.

Authors

Young-Mo Kim received his Ph.D degree in

Computer Engineering from Deajeon
University, Daejeon Korea in 2011. He is
currently adjunct professor in Soongsil
University. He is also working on several

standardization and national project.

His research interests are security, computer forensics,
DRM(Digital Right Management), fingerprint.

Se-Young Jang received the B.S,. dgree in
computer science and Engineering from
Soongsil Unversity, Korean, in 2018. He is
currently a M.S student in the Department
of computer Science and Engineering,
Soongsil University. He is interested

include Deep Learning, and object Manipulation

Byeong-Chan Park received the B.S., M.S.,

dgree in Computer Science  and

Engineering from Soongsil Unversity,
Korea, in 2015 and 2018, respectively. He
is Currently a Ph.D Student in the

Department of Coumputer Science and

Engineering, Soongsil University. He is interested include
DRM(Digital Right Management), Deep Learning, and Object
Manipulation.



100  Journal of The Korea Society of Computer and Information

Kyung-Sik Bang graduated from Hongik
University in 2002 with a BA in Business
Administration. In 2018, he graduated from
Soongsil University with Ph.D. in Business
Administration. His research interests
include music copyright, big data,

e-business, and IT policy management.

Seok-Yoon Kim received the B.S degree in
electical engineering from Seoul University
in 1980. He received the M.S and Ph.D
degree in ECE from University of Taxas at
Austin, in 1990 and 1993, respectively. He
is currently a Professor in the Department

of Computer Science and Engineering, Soongsil University.
He is interested in Computer Systems(Embedded System),
VLSI/SoC, Design Automation and Copyright Protection
Technology



