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About Me KiolNE

M.Sc. (Tech.) from Aalto University, Systems and Operations Research

D.Sc. (Tech.) from Aalto University. Thesis Particle and Sigma-Point Methods
for State and Parameter Estimation in Nonlinear Dynamic Systems, 2016.

Post Docs in Companies (PoDoCo) postdoc 3/2016—8/2016,
Elevator Passenger Traffic Forecasting with Bayesian Filtering

At KONE 9/2016—
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People Flow Analytics?



Long waiting times



Renovation & Cleaning



Data Scientist (Summer) Trainee, Flow Intelligence

In this position, you will work in Flow Intelligence Tribe where we create the best user
experience and building performance in future smart cities. We deliver leading People Flow
optimization solutions including simulation tools, intelligent elevator group control
algorithms, People Flow sensors and People Flow analytics applications. As a Data
Scientist Trainee, you will participate in the Tribe’s and its teams’ research and development

activities according to business needs. The position is located in Espoo.

Apply by Jan 31!




Simulation Tools KiolNE

... Including
simulation
tools, intelligent
elevator group
control
algorithms,
People Flow
sensors and
People Flow
analytics
applications...
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Intelligent Elevator Group Control KON

= Elevators in one group share the same landing/destination call ... including
buttons in the elevator lobbies simulation tools,

intelligent
Landing call Car call to floor Destination call to floor &
down 0 11 elevator group

control
algorithms,
People Flow
sensors and
People Flow
analytics
applications...
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Intelligent Elevator Group Control KON

. : . : " _ |
= Which elevator serves which call, in which order” ... including
simulation tools,
= Mathematical optimization intelligent
— Min waiting time, journey time elevator group
— Energy consumption control
algorithms,
= Genetic algorithms People Flow
sensors and
People Flow
analytics
See, e.g., M.-L. Siikonen: Elevator Group Control with Artificial Intelligence. Helsinki University .
applications...

of Technology, Systems Analysis Laboratory Research Reports, A67, May 1997.
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People Flow Analytics KON

BEDE waiting time I ... Including

Tr———— simulation tools,

. intelligent
elevator group
control
algorithms,
People Flow
sensors and

salsnnmannininnl People Flow

Average waiting time per source floor

analytics
applications...
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M. Sc. Thesis,
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Long-term
forecasting
Aalto University, 2020.

of elevator traffic




Number of destination calls KiONIE
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Number of destination calls KiONIE
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Number of destination calls KONE]
PER DAY-OF-WEEK
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Number of destination calls KiONIE

PER WEEK NUMBER, WEEKDAYS ONLY
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Properties of the data KoNE

1500
« Missing data
E 500 |
E
= Strong weekly+yearly seasonality ol
1500

= Special days
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Imputation KoNE
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Imputation KoNE

1500
w0
©
Q
_5 1000 1
©
£
O
(b}
°
©
8 500
-
-
pd

O_ ol . oa D . - . . )
2014 2015 2016 2017 2018 2019 2020
Year

18 29 January 2021 Helsinki Data Science Meetup | © KONE Corporation



Imputation KoNE
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Imputation / "Smart lag”
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Imputation / "Smart lag” KoNE
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365 — =
" LY = Y365 2 ool
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Year

take previous/next week

Mon 2020-01-27 ~ —>  Mon 2019-01-21
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Imputation / "Smart lag” KoNE

1500
365 — =
" LY = Y365 2 ool
m S(yt) = ... % 500
E
=
= |f missing / special day, o 2014 2015 2016 2017 2018 2019
Year

take previous/next week

Mon 2020-01-27 —>  Mon 2019-02-04
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Imputation / "Smart lag” KoNE

1500
" [3%%y, = ¥y 365 ;OOO_
= S(y) = E 500
= |f target date is special, use the o 2014 2015 e 017 2018 2019

same special day

Mon 2020-01-01 ~—>  Tue 2019-01-01
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Imputation / "Smart lag” KoNE
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Forecasting models ioNE

LSTM

ARIMA with smart lag differenced time series
XGBoost

Smart lag
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Number of destination calls / 2020 KioNIE
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Number of destination calls / 2020 KioNIE
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Results — number of destination calls

28

Early

2019 2020
Method RMSE Bias NRMSE RMSE Bias NRMSE
LSTM 115 17 0.21 173 -129 0.28
ARIMA + smart lag differencing 138 4.4 0.26 144 -93 0.21
XGBoost 119 61 0.22 128 -86 0.2
Smart lag 129 17 0.24 119 =77 0.19

29 January 2021
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Results — all 7 target variables

29

2019 Early 2020
Method Avg rank Avg NRMSE Avg rank Avg NRMSE
LSTM 24 0.34 2.9 0.39
ARIMA + smart lag differencing 3.0 0.35 24 0.37
XGBoost 1.6 0.34 2.1 0.37
Smart lag 1.8 0.32 2.6 0.38

29 January 2021
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Conclusions

30

Strong weekly+yearly seasonality, holidays

No clear winner

No method guessed increasing trend

Anomaly detection also studied

29 January 2021

Mathod

LSTM

ARIMA + smart lag differencing
XGBoost

Smart lag

Method
LSTM

ARIMA + smart lag differencing

XGBoost

Smart lag

2019
RMSE Bias
115 17
138 4.4
119 61
129 17

2019

Avg rank

2.4

3.0

1.6

1.8

MEMSE
0.21
0.26
0.22
0.24

Avg NRMSE
0.34

0.35

0.34

0.32

RMSE
173
144
128
119

Early 2020

Avg rank
24

2.4

21

2.6

Early
2020
Bias NRMSE
-129 0.28
-93 0.21
-86 0.2
-7 0.19
Avg NRMSE
0.39
0.37
0.37
0.38
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Thank you!

Juho Kokkala
juho.kokkala@kone.com



Dedicated to People Flow" EENE




