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An Approach Using LSTM Model to Forecasting Customer Congestion
Based on Indoor Human Tracking

Hee-ju Chae - Kyeong-heon Kwak * Da-yeon Lee - Eunkyung Kim'

In this detailed and comprehensive study, our primary focus has been placed on accurately gauging the number
of visitors and their real-time locations in commercial spaces. Particularly, in a real cafe, using security cameras,
we have developed a system that can offer live updates on available seating and predict future congestion levels.
By employing YOLO, a real-time object detection and tracking algorithm, the number of visitors and their
respective locations in real-time are also monitored. This information is then used to update a cafe’s indoor map,
thereby enabling users to easily identify available seating. Moreover, we developed a model that predicts the
congestion of a cafe in real time. The sophisticated model, designed to learn visitor count and movement patterns
over diverse time intervals, is based on Long Short Term Memory (LSTM) to address the vanishing gradient
problem and Sequence-to-Sequence (Seq2Seq) for processing data with temporal relationships. This innovative
system has the potential to significantly improve cafe management efficiency and customer satisfaction by
delivering reliable predictions of cafe congestion to all users. Our groundbreaking research not only demonstrates
the effectiveness and utility of indoor location tracking technology implemented through security cameras but also
proposes potential applications in other commercial spaces.

Key words : LSTM, Indoor human location tracking, Congestion prediction, YOLO tracking
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Fig. 1. Selection of seat coordinates
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Algorithm 1. Update location information of tracked objects

1. mid x <- FXE o 4 x3H
2. mid_y <= FHE My 54 yaz

3.

4. OPEN Z} zfAo| ztm He| H{E AS FILE:
5. amray <- FILE

6.

7.1 < FA olela

8. FOR i=0 TO size(array):

9. j < SEZE FE QdA

10. FOR j=0 TO size(array[i]):

11 F FHE Mo o BT 24| 2t HRl0 AR
12. position <- 1

13. BREAK
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Fig. 3. Collected data without Gaussian filter(above) and
with Gaussian filter(below)
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Algorithm 2. Evaluation criteria for Gaussian filter

count == O|AZ| & 022 %735}

FOR i=1 TO len(df)-1:
diffl <- dff'entire_num MA Smooth][i+1] - dff'entire num MA Smooth'][1]
diff2 <- dff'entire_num MA Smooth][1] - df'entire num MA Smooth][i-1]

L.
2
3.
4.
5
6
7 IF diff1T} diff22] HCHZHo| 1 OAH0| T, i+1EHMY 2t = i-1 Bimf 2t
8 count += 1
3.2 RNN 2%} [ STM, GRU & 2+ 7|

43} Alﬂ‘ig'(Recurrent Neural Network, RNN) =g
£ el T QRS F9) Y A 52 w7

l_.l_.‘—1 — -

HM32H HM3E 20234 9¥



0% §Ashe AA%Y BUR, $AH BAS BRE
o] &7F&0]chKoutnik et al, 2014). E3], LSTMT} GRU
240 vanishing gradient £A)|E | 25k= 1155t w7
UZ2 712 RNNE| #Hgo|tDey and Salem, 2017).

3L, Attention Mechanism¥} Seq2Seq+= RNNO9j|
284 4= = oA =2 7] o|tKSojasingarayar,
2020). Attention Mechanism2 ®Rdlo] 98 A|HEA 9] &
7 Ftoll A5 4 Al 35, Seq2Seq= 3H9] Al
AAE T2 APAR WL S At o] 7]
BSS LSTM} GRUSH 37 Ahg-d % 9lrk

2 AFo)A= RNN 29 5 LSTMI GRUE F
2 ARt o]& RHEo= Seq2Seq Y Attention
Mechanism7|¥E0] Z-8&o] Ha =l 2E 2de
815 114 of| A] Mean Squared Logarithmic Error(MSLE,
Equation (2) #2)2 AFES1e] eFg el Aate =53}
i, S PEEE Eole 545 7HitHPark, 2022).

3.3 LSTM % GRUZY ME1} 7| H|w
Tables 1-42 GRU, LSTM 221} LSTM9]| Seq2Seq
9} Attention Mechanism-2- 217 2-85F 2 dl9] Squared
Logarithmic Error(SLE, Equation (1) 3=%)& v|w3dt 2
5 YERlth A% %7k= Mean Squared Logarithmic
Error(MSLE, Equation (2) &%), SLE 544, 3589
139] 4 oA A 5L 7120R sfglon, ols %
oAl 7t &elN Uersic 7 e 2 ojZe] Alw
S5 Uetlie mpAal e wE Alkof gt Hatgh
= UERHtE AR ol oA gt 7RIS E
EIE 283 Sof] WA AR A5 dlolelelth(3.1 7}
FAIRE ZH AR HE).

SLE = (log(y, +1) — log(f, +1))* M

1, AE5H
t o FAAHAITE
y, A5k

T
MSLE = iTZ(log(yt +1)

t=0

—log(f, +1))* (2

I, 58k
t :time,t<0,1,..., T

. =
y, A5

Table 1. performance of GRU

Number of

Column Mean Median Outers

Upper 25%  Lower 25%

SLEI 021213799 0.109332476  0.298962198  0.016345973 501
SLE2 0199682326 (.120031049 0.261210856 0.019439875 53
SLE3 0221572557 0.121200383 0319291744 0013973313 358
TotalMean | 0211130959 | 0.116854636  0.293154932  0.016586387 ~ 460.6666667

Table 2. performance of LSTM

Number of

Column Mean Median Outlers

Upper 25%  Lower 25%

SLEI 0265063226 0.130517703  0.297238762  0.046355103 804
SLE2 0164925661 0.076558535 0.191723838  0.014244271 789
SLE3 0178124056 0.104803745 0.233056762  0.01175565 739
TotalMean | 0.202704314 | 0.103959994  0.24067312  0.024118341  §07.3333333

Table 3. performance of Seq2Seq

Number of

Column Mean Median Outlers

Upper 25%  Lower 25%

SLEI 0213583524 0.094480181 0.308837598  0.00736836 401
SLE2 0155276978  0.067940752 0.254964216 0.009914067 193
SLE3 02119342 0.095714334 0260723063  0.005212195 336
TotalMean | (.193598234 | 0.086045089 0.274841626 0.007498274 310

Table 4. performance of Attention Mechanism

Number of
QOutliers

SLEI 0176933724  0.040767221 0.287079832  0.01595081 339
SLE2  (.157834255 0.046459622 0.261243471  0.011148343 153
SLE3  1.99128861  1.921812056 2.590290394  1.206948961 0
TotalMean | 0775352196 | 0.669679633  1.046204566 0411349371 164

Column Mean Median ~ Upper 25%  Lower 25%
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Table 5. performance of MinMaxScaler

Number of
Outliers

0.007304748 296
0.017051377 356

Column Mean Median ~ Upper 25%  Lower 25%

SLEI
SLE2

0.151237316 - 0.071772331
0.185171538  0.059815669

0215628486
0228386778

SLE30  0.158937509  0.060928794

TotalMean | 0.179435013 | 0075793441

Table 6. performance of LogScaler

0321598546
0.269008784

0.015848057 52

0.015282916 | 395.9615385

Number of
Outliers

0.035165438 1062
0.011453559 858

Column Mean Median ~ Upper 25%  Lower 25%

SLEI
SLE2

0.286681477  0.098811894
0.228775024  0.098928393

0293034372
0282031888

SLE30  0.17145449  0.050260512

TotalMean | 0.202170124 | 0.077190891

0253617184
0265292426

0.012780249 34

0.014370958 | 618.3846154

Table 7. performance of RobustScaler

. Number of
0, 0,
Column Mean Median ~ Upper 25%  Lower 25% Outlers
SLEl 0266655105 0.121369352  0.449044479  0.027999017 109
SLE2 1406721257 1206948961 1.921812056 0.710354037 2
SLE30  0.666268022 0256407752 1206948961 ~0.027668715 202

0.212412497 | 407.1764706

TotalMean | 0.652258554 | 0.468327944 0936514432
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Fig. 4. Predictions of Customer Congestion

Figure 42 $-2]7} AF23} Seq2Seq 7|4+ LSTM =9l
= o83 EAE A AAE HojErh xS o4 11
[FE 2% SA] 3027149 AlRkE YL, y&e 7F
Hof = AA AYE btk WA e 11
|5 AR A7 S A 7H] o]§ Qe vEhd
gl 254 Ogxs dA| AIHRE v 29 F
T 204 A7HA] 2042 39 o]&- QIS Hdlo] oi&3t 4
s Holrh ojuf AA|E S4H Qe w1
2 FAJETE

A ARE 7o R, 7P Z 200719 HlolE =
IEES ARESlo], 20 $9 7h] E{=(2EN =
O] AR E 53t oluf o] AA| HlolE= wet 1
2z o] AJ2b o] Er}. AlZto] AUA, At dlold
JNEZ} Al F71EAL, o] B4 ol 23 &
Ao, Bl =0 7HE 22l tlolE= AAHY o
A 202 B AEfe= A BAEDL olF BiEge R
Hee A AHEE 208 9 AE5S AGEiA =3
gtk oo we, oS FHEFANT AA )
Tefjszof d&sAo® LhEhdTh

Table 8(Elol= HIF2] +ARSU & BlAl8)S
& Aol A gt 2F mHo] S a0kt Aot
| F= oM 3.3 LSTM @ GRUEEo|A 2] A3} &
A3t 7|02 5o HEhllon, U3t tolgAls &
il /35 8717F o] Fof itk of 7|4 MR ¥kA= 9] 9]
H3HQ e AEE FAETE o] FollA MSLES] 3
2 0.194507=, o]= Xdlo] Uit oL A2l 4

Foe Holue 4ttt

> L

&

o

]

i

ﬂ ol

B
O

A
i

StZAE2]0[MdatE] =EX|

Table 8. Predictions of Customer Congestion

Number of

Column Mean Median Outlrs

Upper 25%  Lower 25%

SLEI 0204947507 0.084350537  0.2783469  0.004118524 31
SLE2 0340346615 0.158024758 0.567273643  0.027083423 201

SLE30  0.186433971 0082265677 (0.214023809 0.017987181 846
TotalMean | 0.19450703 | 0.096618065 0279677571 0.019699964 ~ 422.8519

SLE Values Over Multiple Runs

SLE Value

I coms © e

Fig. 5. SLE Values Over Multiple Runs
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