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Human Mobility Modeling and Predictive Analysis
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In this research, we aim to advance in machine learning techniques that can help us gain a better
understanding of human mobility. Human mobility has been studied broadly in the past few decades. Ranging
from & higher level perspective, such as travel patterns, visitation patterns and predictive modeling, to =
lower level, e.g. path finding mechanism, tasks prioritization dnd routing. A study conducted in this
research has shown samples of tasks dependent mobility patterns inside an office enviromment and its
potential predictability. The predictive models for both short—term prediction and long term prediction
have also been developed and successfully tested on a real dataset. The results have given us more
understanding of dynamicity and how the participants would utilize the space. Therefore there are
potentials for spatially-related applications, such as users—based power management system and
notifications of suspicious behaviors, to be built based on the proposed methods.

Even though, the proposed probabilistic model for long term human mohility prediction was initially
designed for discrete representation of positions (e.g. locations associated with sensor IDs), the approach
can alsc be extended to support continuous representation (e.g. xy coordinates). The probability density
and the likelihood of future visitations at any given point (x, y) of interest can be estimated using a
nonparametric method called kernel density estimation or KDE. However, standard KDE is a costly operation
and cannot scale well with the unbounded size of data streaming from sensors or mobility tracking system
Besides, existing online KDEs cannot handle multi-dimensional data streams very efficiently. Therefore, we
proposed a kernel density compression algorithm that was designed for multivariate (and univariate) data
streams for efficient density evaluation that can scale well to streaming sensor data. Since continuous
tracking system was not implemented yeti, we tested the proposed method with the problem of real time
decoding of neural encoding/decoding. The developed online kernel density compression algorithms not only
enables real-time encoding and decoding of neural activities but can also be generalized to estimate
probability density function of any multivariates data streams without any modification. More specifically
the proposed online KDE technique can be applied to implement an online probabilistic model for long—term
human mobility prediction and can be used to visualize dynamicity of space utilization in real-time to
help us understand how the participants utilize different areas of the facility during the day
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BES, Internet of Things (o) RAVIF I AL Va—Fa P MERE - B3N o, £FEREPCHREIR
AT h e OBBTFHNE, AFREOXE, MEXE ShLERREOBEIIWNT TEELREREN TS
5. MR, AASHMEBERWEDRFIMY F2H#EFELEVTIHERDY, TN —OBEIRFTW:: K&
XTH, RN EOBEANBEINZNWEYERIZ, AOBRE RN SBEITFHT IV OBE L MTNLT
BERETO>TWS., CITOMER, B9t BREBENLFRISEBAPFEINIVWER, EHAOITHNE
FELTREND D, RULERAEZZOEEEAOBHFRUICA NI ZLBELWIETHED, T TEMXTHE,
BASBERENRAESZLREBL, ETHRHNME2ZELEEERIING o122 72k, E<RBI3
BENY—FMEBTS. TLT, BT3B — 25 ROBTEETHTHHETTI (BEHFREFN)
ERELTWS, T/, UBRHACHAMEMOLEMEMMEOTRE TR, gL —F 4 L/ CORMEC®RA
L BITENY - DBEVWEASAALZEMTREET VB REL TS,

WIETHE, MAMESNAVHRABRE L HI LA AORERFIASOFUATEELEIZELT, BRE0BATIESE
BOHERWBH AT > TS, MEZNICREBL ERIMREE - YORBRFINS, ST, EHTHERThICE
WTHADBEFANEAEEWNETHZ Z EEBBMNIRELE. ERFTRETIL TR, BEHRFINF— 2T
LHBOBNREFIEICONT., FRBESFHRBHIOKICIN L —RFI78H2 2 EERUE. —RIC, BARFIE
PESASE, PARMIKSNZADTAMEEIM LTS, —~FTHRLYTIHEBRANY -2 OEIEIH A9,
FRITELER (B9UE) OERD TS, £, BRUTFRHEINCHE, EIBORTRERIYOMBIZL-
T, ErYOoRBERIICARERLSR, SISO FRINTRETHES Z L ERLE. FfEE A HORBRS
KHLUTIOX IR EToRFARRLZST, FHEREMORTE L THEVED 5D,

FAE T, BETHAEHMSIUVEHTHETNICDONT, HESICREBELEZFRARE L HOF—F = RNTEER
KREROGMEERL TS, BHTFRETNTHE, BENMOZEEE T2 L TRRELVFHEENR LT
BrE, BREDIZEENSA—F LFPURECEGEERLTWD, FAEUTRETILCRAREIC LS TRIZME
T, A ELABTENY—BWRERZISAIY) I OEBBETS&ick- T, AR bE ook
WEFIOE S PIZH L TEATAOHEERM LT 52 & E2RLTNRS.

EIETH, BHTAMRETIICELT, I—FrNVEEHEOEECEZREL TV, I NEBEHEEICETS
SFRETINE, F—FEicd L THERDMENSS, £I T, 2ETREMNTIN—FIEAKERREST S
AiEEREL, ERELTFHREONS D AZHSAEERELTVS. ERTIE, * X O —O%EAR
FMG, Za— O BAKOFHEERZXIOMNBEEORBAHEI—FNEEHEITLIOETIHMEL, FXIDK
OB BOFMEIT o/, REREHERBEOFABEERE<E LTI &4, KRIIHELTESZZEERLE.

PEXY, FRAXORRERAOBHTE LERETOLFII BN THERRSERORL TRADERIZAX < Bt
THEHOTHS. LoT, L FHEHSE ORZURLELTHHEOSZ2DDEEDHS.




