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Differential clustering of potential activity occurrence area in small space

Optimization of activity occurrence area using integer programming and inspection with the data of

Umeda Underground Mall
OAtsushi Takizawa ™!

Keywords: small space analysis, differential clustering, activity occurrence area, integer programming, CAEP

In this article, we propose a new spatial analysis method for small spaces such as architectures and streets. Architects
design spaces expecting that various activities and or events of users occur in the spaces. In addition, researches on human
activities in small spaces such as offices and streets are increasing. One of recent architectural styles represented by
continuous architecture and algorithmic design generates and admits ambiguous space of which function and composition
does not correspond on the surface. It may become more difficult to predict the relationship between function and space
for designers. Therefore, we should develop an effective method for predicting human activities in small spaces. In order
to analyze and explain statically why human activities occur under particular spatial conditions we have to solve a
classification problem. For applying a classification problem, we have to estimate and fix the range and shape of the
potential activity occurrence area and add class label to each data in advance. However, how we should fix the range and
shape of the occurrence area is remained as an open problem.

From above background, we propose a new spatial analysis method for classifying activity occurrence and non-
occurrence areas in high precision for small spaces. In addition, this method can estimate the area around the actual
activity spots in which activities tend to occur based on the concept of differential clustering. In particular, following the
framework of our previous study, we formalize the problem to obtain the optimal cluster as an integer programing problem
with parameter of the cluster size. We set a constraint that the shape of a cluster have to be a rectilinear eclipse because a
potential activity occurrence area may have common spatial features spatially related to visibility. Then, we validate this
method with the data of Umeda Underground Mall which records the residence position of pedestrians. We divide the
target space into a cell of 50cm on a side and calculate the spatial attribute related to isovist field and the number of
pedestrians by simulation at each cell. We use Classification by Aggregating Emerging Patterns as a classifier and
balanced error rate (BCR) as an objective function for accuracy test. We get the optimal region whose MP + |Cp| =
369, BCR = 0.816, TPrate = 0.821, TNrate = 0.812. The result show that the form and size of the optimal region differ in
each spot. From this result, it can be said that the proposed method works better compared with the personal space based

potential region with constant radius.
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