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[Abstract]

As the number of coffee shops increases, many people are studying or working at coffee shops.
Coffee shop operators have been required to analyze customer visits due to customer turnover and
profit problems. Methods such as image analysis, QR code authentication, and Bluetooth beacon have
been proposed for these statistics and analysis. However, it is difficult to use due to problems such as
invasion of privacy and low accuracy. Therefore, in this study, to solve these problem and provide
more accurate in-store congestion information, we propose a crowding measurement method of coffee
shop using high frequency signal. There is an advantage in that a high frequency signal replaces the
Bluetooth signal, and the transmission range of the signal is limited to the store, thereby increasing the
accuracy of the method. To verify the performance of the proposed system, we conducted a
comparative experiment with a Bluetooth based system, and as a result, the proposed method showed
lower misrecognition rate. Thus, the proposed method will be an effective useful service for providing

information on crowding at coffee shops and processing statistics.
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I. Introduction
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II. Related Works
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ITII. A Crowding Measurement System
Based on High Frequency Signal
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1. The flow of crowding measurement based
on high frequency signal
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2. The composition of high frequency signal
and implementing signals using JavaScript
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The flow of crowding measurement of coffee shop using smart devices and high frequency signal
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Fig. 2. An example of proposed high frequencies for
measurement system crowding of coffee shop
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<script>
var audioCtx = new (window.AudioContext ||
window.webkitAudioContext)();

function playFrequencies(frequencies, duration) {

frequencies.forEach(function(freq) {
var oscillator = audioCtx.createOscillator();
oscillator.frequency.setValueAtTime(freq,
audioCtx.currentTime);
oscillator.connect({audioCtx.destination);
oscillator.start();
oscillator,stop(audioCtx.currentTime + duration)j

I F

}

function playSequence() {
// 19.0 kHz and 19.7 kHz
playFrequencies([190680,
setTimeout (function() {
J// 21.5 kHz 1 second
playFrequencies([21508], 1);
}, 1eee);

1 second
19708], 1);

}

// per 2 seconds loop
setInterval(playSequence, 2000);
</script>

Fig. 3. JavaScript code for generating high frequencies in
a web browser
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3. The work flow of the proposed server for
crowding measurement
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IV. Experiments and Evaluation
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Table 1. The result of comparative experiment with
beacon and the proposed system

Type Proposed

Persons ® REEl e mepihod
5 (min) 0 2 0
5 5~10 5 5 5
10 ~ 15 5 5 5
15 ~ 20 0 2 0
5 (min) 0 2 0
5~10 5 8 5
10 10 ~ 15 10 10 10
15 ~ 20 5 7 5
20 ~ 25 0 1 1
5 (min) 0 2 0
5~10 5 7 5
15 10 ~ 15 10 12 10
15 ~ 20 10 12 11
20 ~ 25 5 7 5
25 ~ 30 0 1 1

Table 104 SFFA H|ES o]t AP 4% Al
ool XISt Il HIsh qholl ti71stal s AL7HA]
LAASHE et WHs] WAt 5 AgolM 52,
15~2020llA o qhollA Q= 370l 2501t Lol
e o= UEHHTE 109 dgoie 10~1582 A9
sl 27, 39, 2%, 19 2QIAjo] TAYsIRIT). 157 HY
oM AAl AIRE S 2%, 2%, 2%, 2%, 2%, 19 &2

O» j'N
2 Q9IAo] wAsHITt. Wi Aot {2 5 Aol

A 2914l0] UefA] elgkon], 109 AHoIA 20252
o 1%99] 2Ixo] Wwgstic. 15%2] ARo|AE 1520
¥ 19, 25302 139 Q9xo] WASIHT. 5, 5% A
oAl At e 100% ate, 108 AaolH 100%
Azl 18] © 914, 15% gl 100% Ftwel 23]
of 9Q1xjo] WAy shgick. olgf Zo 194 Uehtt 00l
e A% 5 AN 32 Fol 23 Yol 1 A&ty
o7ix] HEE R0z oyt

C}g02 Fig. 59 A 3717} B Bl0] 217} 108 v
A5k, 12 9] 109 Ao} 42 FAlo] MRSt
2 A B0} B B2 SUL AR AR 5o] 2} o

!

0

0|

a o2uw - o

A] 5&o0] Xt & 1 53o] mjARS AA}
582 1027t oo 1= o7t of

Table 2. The result of experiment with beacon and
the proposed method at two space

Type Proposed

S Real Beacon method
5 (min) 0 2 0
5~10 5 7 5
A 10 ~ 15 10 10 10
15 ~ 20 5 7 5
20 ~ 25 0 2 0
5 (min) 0 1 0
5~10 5 6 5
B 10 ~ 15 10 10 10
15 ~ 20 5 7 5
20 ~ 25 0 2 1
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Fig. 6. The misrecognition rate using Beacon method and the proposed method at each space
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V. Conclusions
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