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Abstract

Detections of spatial clusters of mobilities are
essential in helping people understand the patterns of
movements within the cities. We proposed the Ex-
pansion-Based Spatial Clustering Method for Spatial
Flows (ESCSF) based the ESCIP, to find spatial clus-
ters represented in OD-based mobility datasets. Com-
pared to the baseline multidimensional spatial scan
statistics (MSSS) , the new ESCSF could effectively
find the spatial clusters of more flexible shapes in a
more computational sufficient way. We conducted
case studies for the city of Haikou over two methods,
where we looked into the travel pattern differences in
the taxi trips for morning against evening rush hours
within a large dataset. Interesting patterns have been
discovered with both models, with the ESCSF more
efficient and flexible.
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Concepts

Among all the forms of mo-
bility data, origin-destina- \ H ‘ 9 | = /
tion (OD) flows data remain \?’—l Bamﬁén}' // e
the simplest, which are com- o e
prised of coordinates of ori-
gins and destinations of
movement, and also
non-spatial attributes describing the movement. A
region in such hyperspace could be seen as a space for
a set of OD flows, indicating a set of flows from one
geographic space to the other.

OD representation in hyperspace

2D Geographic Space

Spatial clusters of OD flows would indicate clus-
ters of movement from one place to the other, where
a place could either be a location or an area. We often
make a null hypothesis that the distribution of OD
flows across space follows a random baseline process
with a known density in the background, i.e., no local
excess of OD occurrence at a particular origin-desti-
nation region should be spotted. If this null hypothe-
sis is rejected in a local OD region, then a local OD
cluster is detected statistically.
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Data and Modeling

Demand of taxi rides on a random hour in Haikou, China

We retrieved 12 million on-demand internet-based
taxi services desensitized records from Didi (a
Uber-like app in China), joined with the weather in-
formation from the open-source weather archive.
This is a slice of dataset recording trips in Haikou
City, Hainan Province, China, where the population is
2 million, from May 2017 to Oct 2017. We sampled a
slice of dataset, and partitioned it into four groups of
cases and controls with different attribution, as is
shown in the following table. ODs in each group of
partitions complys to a Bernoulli process, where each
OD point is either a case or a control.

Cases (Type 1) Controls (Type 2)

Origin-Destination Points € Hyperspace

Description Size Description Size

Weekday Morning with Good Weather(Baseline) | 102175 | Weekday Evening with Good Weather (Baseline) | 137726

Weekend Morning with Good Weather 26505 | Weekend Morning with Good Weather 36505

Weekday Morning with Bad Weather 29612 Weekday Morning with Bad Weather 43612

Weekend Morning with Bad Weather 7426 Weekend Morning with Bad Weather 12426

Bernoulli spatial clusters under heterogenuous sparual distribution
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Scan window that could
be a spatial cluster

Scan window which is less
likely a spatial cluster
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Methods and Benefits

Spatial Scan Statistics (SaTScan, Kulldortf 1997) is a
popular approach to detect spatial clusters. It generates a
series of scan windows within which points fall form
groups and use statistical analysis to determine if a group
of points (a scan window) is a cluster. Multidimension-
al spatial scan statistics (MSSS) (Gao et al. 2018)
extents the SaTScan to OD hyperspace. ESCIP (Li et al.
2020), or the Expansion-Based Spatial Clustering Meth-
ods for Inhomogeneous Processes, is an innovative en-
hancement over the SaTScan, which is capable of detect-
ing flexible-shaped clusters while improving computa-
tional efficiency by incorporating a DBSCAN-like cluster-
ing expansion mechanism.

An extended ESCIP method for OD flows is proposed
based on previous studies discussed above. Called Expan-
sion-Based Spatial Clustering Method for Spatial Flows
(ESCSF), it inherits the idea of abstracting OD flows as
points from previous studies, and integrates the advan-
tages of some models, including high-efficiency in ESCIP,
geometry-based distance, and flexible shapes.
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A Ssketch workflow of the proposed ESCSF model
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Computational performance of ESCSF compared to baseline MSSS over two differe§nt datasets
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Centroids of Small Clusters with a Size under 500

Centroids may be bissed, szpecially when the clusters are irregular shapad
Small Clusters with a Size UNDER 500 Smaller clusters covers much long-range movement patterns, usually at inter-district level, liks commuting to and from airports.

Log Normalized Ratio of Bernoulli Trips in Top 30 Clusters under size of 500

Smaller clusters tend to be more dominated by e o
one type of trips, suggesting non-trivial trends. n_oeriy

Large Clusters with a Size OVER 500
_____Log Normalized Ratio of Bernoulli Trips in Top 30 Clusters
i

Larger clusters are more balanced than smaller
clusters, indicating stable and expected trends.

Log-Likelinoed Ratio vs Cluster ID

Centroids of Large Clusters with a Size over 500
Centroids may be biazed, sspecially when the clusters are irregular shaped
Large clusters tend to revesl emall-range mowvement patternz, which make zense, since mast trips are short-range and thoss
wzually uncover patternz of movement within & district.
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Comments

Patterns are different
between weekdays and
weekends, Goéd and
Bad Weather, and
Morning and Afternoon.

The significance of a cluster is
determined by simulating Monte
Carlo empirical distribution of
Log-Likelihood and retrieve its

* The model would provide trivial trends we may already
know, but also helps us explore the unknown or
unexpected trends.

* The greatest contribution that this research provides is
that a quantitative method to measure and detect the
pattern differences. The OD datasets are mapped in a
novel 4D hyperspace where the regions are given special
meaning.

p-value.

» The spatial scan statistics adapted for multidimensional
points are clever and innovative. The computation
resources that this study requires are tremendous.

* The time complexity of the model is O(N2), which is

sensitive to the size of the data. Handling large amount of
data would be burdensome, regardless of the efficiency of

the implementation.




