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INTRODUCTION 

This research presents work on progress on the 

implementation of clustering methods to detect 

boundaries and possible enclosed spaces within convex 

area in interior environment. 

First, we start by object detection algorithm using 

agent’s line of sight. Second, we decompose those 

objects as set of points and analyze their properties. 

Third, we use typological rule brought from architecture 

design theory and employ analytical approach to assess 

set of points as clusters and their possibility to form 

enclosed space. 

AIMS 

The goal of this research is to develop analytical 

method to approximate existence of enclosed spaces 

within spatial configuration in architectural design plan. 

We investigate this space as an important factor to 

influence steering behavior. 

SIGNIFICANCE 

In architecture, the networks of functions are 

represented by configuration of enclosed spaces. 

Architecture organizes and structures spaces to facilitate 

any activities by the way it arranges them. 

In this sense, the importance to model interplay 

between human and their surroundings is to increase 

understanding on how spatial configuration plays 

important role in architectural design.  

METHOD 

 

 

Figure 1. (Left column below) Framework (Top) Experiment with 

architectural plan and the detected objects 

 

  

Figure 2. (Left) Initial position of the agent (Right) Agent’s field of 

view 

 

Object and Convex Area Detection 

As illustrated in Figure1 above, the first stage is to 

recognize objects visually by means of camera embedded 

to the agent. Before any movement occurred, agent 

examines his surrounding as camera rotates. For purpose 

of this study, we constructed architectural plans as 

segments of lines so that on each of detection process, an 

array of segments can be obtained.  

At this point, we decompose each segment into set 

of points which are: minimum, middle and maximum 

points in form of 2-dimensional vector (X,Y). By 

architectural design theory we define minimum convex 

space is formed by two non-collinear segments. Convex 

area detection is determined by arithmetic computation 

of array of set of points using Graham Scan Algorithm 

[1] and Determinant operation of pair segments. 
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Figure 3. (Top) Unsupervised convex area by pair of segments and 

determinant operation. /ote there are convex areas  not visible by 

agent’s point of view (Bottom) Virtools operation and two distinct 

points in segments that require normalization to be considered have the 

same location 

 

In Virtools, we develop arithmetic mechanism to 

bind pair of segments which have certain equidistance to 

the agent. Since every detected object is rectangular, 

each corner position governed by ,x yMin Min (lower 

left) and ,x yMax Max (Upper right). We calculate 

distance from each point of each object (Min and Max) 

to the agent and look for the closeness on each sequential 

segment. 

 

 

 

Figure 4. (Top) Complete calculation in array gave group of pair 

segments  (Bottom) Procedure of arithmetic calculation 

Centroid and Culling Confirmation 

For determining centroid of each convex area, we 

employed calculation of points using this formula: 

 

 

 

A= area of convex 

polygon 

Cx=coordinate on-X 

axis of centroid 

Cy=coordinate on-Y 

axis of centroid 

 

 

 The convex area is defined by pair of segment. By 

using each coordinate of Maximum and Minimum points, 

we examine each point to employ Graham Scan 

algorithm. Diagram below may describe this method: 

 

 

 

Figure 5. (Top) Two segments and its corner points (Bottom) 

Calculation of centroid based on Graham Scan algorithm 

 

 Graham Scan algorithm works by traversing or 

‘walk’ calculation counterclockwise from the lowest X 

and Y point. By this sense, we ought to re-order each of 

four points above to satisfy this algorithm. The ordering 

process as sees on above diagram is achieved through 

employing lower determinant of two consecutive points. 

The first point is defined by the lowest X and Y, the 

second point is defined by the lowest determinant of all 

combination of two points. The third point is defined by 

the second lowest determinant and finally we reach the 

last point. The result of re-ordering point is then can be 

used for determining centroid by above formula.  
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Figure 6. Centroids after calculation based on pair of segments and 

two failures on grouping pair. /ote that on those position, there is one 

pair is undetected by the agent 

 

To overcome above problem and increase accuracy 

of the approximation of detecting pair of non-collinear 

segments, we re-modeling calculation on each segment. 

As in Figure3 on the bottom right, previously we use 

maximum and minimum point on each segment where 

they are not collinear. Maximum and minimum point is 

points of corner on each segment. Afterwards we 

normalize maximum and minimum point into middle 

point, so now we have , ,xy xy xyMax Mid Min  in co-

linearity. 

 

Figure 7. Increasing accuracy to detect pairs and determining its 

centroids 

 

In examining obscurity, we implement culling 

algorithm in Virtools to detect whether those centroids 

are visible from agents. It is worked by finding object 

between each centroid and the agent. If any object exists, 

the centroid must be omitted since it considered being 

obscured by the object. 

 

Clustering Centroids 

Moving towards from L-shape enclosed spaces, we 

want to detect any existence of U-shape enclosed spaces 

by examining each of centroids for its distance affinity 

[2] by this formula: 

 

e=Euler’s number 

|x|=distance between two points 

σ=constant (0.5) 

 

 

 By using each centroid location we investigate to 

find any cluster and then it supposed to form U-shape 

enclosed space. In this experiment, we already know that 

on those centroid there is two centroids which form U-

shape enclosed space. 

 From clustering method [3], we employ series of 

procedures to find any similarity among points and help 

us to group them. This procedure goes as pointed below: 

a. Define Distance Matrix (S) 

b. Define Affinity Matrix (W) based on S 

c. Define Diagonal Matrix (D) based on W 

d. Develop Normalized Laplacian Matrix (A) 

based on D and W (D
-0.5

.W.D
-0.5

) 

 

The Laplacian Matrix shows which points have the 

most direct connection and it will be considered as a 

cluster. 

 After examining using those five centroid points, 

we found that it still cannot clearly distinguish cluster 

and we cannot draw confirmation from this procedure. 

Therefore, we modify this procedure by modifying 

distance matrix (S) into distance square matrix (D
2
). We 

assume that in order to group points that have average 

distance to each other, the calculation must then use 

distance square so the similarity should go down quite 

sharply with distance goes. Figure below describe this 

procedure: 

 

  

  

  

Figure 8. Matrix of clustering procedure. On final /ormalized 

Laplacian Matrix (A), we use distance square instead of distance 

matrix(S) 
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In the Normalized Laplacian matrix, it distinguishes 

points which have direct connection. In this case it found 

point (1 and 2) and point (3 and 4) where in actual only 

point 1 and 2 is the correct cluster. It goes by the reason 

that point 1–2 and point 3-4 both has very close region.  

 

 

Figure 9. Clustering after Laplacian Matrix. /oted that there is error 

on one cluster that is not suppose to grouped together 

 

By Virtools we again can increase accuracy of 

cluster by employing script that detects object in-between 

of those two clusters. If there is no object then it is 

considered as cluster otherwise it is not. 

 

Finally, we determine U and L-shape enclosed 

spaces based on the visual accessibility from agent and 

organize their centroids as set of points in a database. By 

defining goal as network of points, this will enable 

agents to explore his environment. 

 

 

Procedure of movement by examining spatial configuration. After 

finding L and U-shapes, agent moves toward closest U-shape and begin 

visual detection process again until there is no more new centroid 

defined. Hierarchical enclosed spaces is determined by their 

characteristic (U-shape than L-shape) and their size. Final result is 

map of hierarchical enclosed spaces as accessible spaces for agent’s 

movement 

 

Figure 10. Procedure of approximation of enclosed spaces 

 

CONCLUDING REMARKS 

Our methods on detecting enclosed spaces start by 

analyzing visible objects, decomposing them into set of 

points and using mathematic formulas to define any 

relations among them. The result is location of enclosed 

spaces. In our experiment, we are able to define L-shapes 

and U-shapes based on orthogonal typology of 

architectural plan. We are still in development to evaluate 

this method on several architectural plans in order to 

leverage its consistency and reliability. 
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