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Abdgract A floor plan in architecture includes eements that
determine circulations of a person who experiences the space of the
architecture and that is consdered to play an important role in the
connection between the person and the architecture. Especially snce
modern times, various shapes that deviate and escape from a floor
plan by means of right-angled congtitution have arisen and have been
used as dements of architecture. Therefore, it isnecessary to consder
“afloor plan”.

In this paper, we propose an index that is able to classify various
floor plansin architecture from the person’s view. We analyze floor
plans of architecture by means of a proposed “modified box-count
method” . We comparetheresultsand make consder ation.

INTRODUCTION

In the fidd of design, the shape resulting from a plagtic
formation is generdly caled “configuration”. In other words, a
configuration is the embodied existence of an abstract idea that
can be gragped by the senses of sght and touch. Because
architecture is, of course, an atidic activities, it is possble to
dtempt cetan interpretations of architecture from a
configurational aspect. However, unlike product designs, etc.,
because architectura structures have a certain reason for being
when they are solidly and spatidly sgnificant, both the internal
and externd architectural configurations become objects of
aesthetic evauation. Further, the impresson of the architectural
configuration varies with distance from the viewer in every aspect,
ranging from the facade proportions to the fed of the wadls for
aesthetic evaluation. It can be said that architectural tructures are
objects very difficult to ded with from a configurationa point of
view.

Accordingly, in this study we limit our theme to the analyss of
only architectura floor plans and make an attempt to creste an

index asan aid in grasping the characteristics of floor plans.
. PROCESS OF CREATING THE INDEX

A.  Non-rectangular configuration

If trying to ded with configurations in absolute theory, since
everything has its own configuration, the number of possible
configurations approaches infinity. According to this study, we try
to limit our evaluation of objective configurations to some extent
by paying attention to whether those objective configurations can
be formed into rectangular structures or not.

Since a rectangular structure using straight lines creates an
intellectud, inflexible, and clear impression, this type of formation
has been used very widdy to-date as a sandard architectural
configuration[1]. The simplicity of this type of formation gives,
however, too monotonous of an impression, and psychologicaly
has arisk of causing the person viewing the object to fed tired of
the formation. Modern architects, therefore, have mede efforts to
diminate tiring impressons as much as possible by adding
spherica space, diagona and distorted wall surfaces, etc. to the
architecture for accent. It can be sad that if these accented
architectural configurations are called non-rectangular formations,
the non-rectangular formations have indeed diminated the
tiresome impressions brought about by traditiona rectangular
formations.

Refreshing discoveries by the five human senses, such as the
visua sense often alow usto gpped to the emotion of “surprise’.
It can be said that the diagona or distorted surfaces of walswhich
appear suddenly in an architectural configuration consisting of a
repetition of monotonous square plans give just such an
architectura surpriseto the viewer. Giving such a surprise ams at
dliminating the tiresome feding.

Consdering such features of architectura surprise to be



common to al the configurations designed by non-rectangular
formation, if the degree of the surprise can be quantified by any
means, the quantified result can become an index indicating an
agpect of the configurationa characteristics of the object.

B. Smilarities between the degree of the surprise and the fractal
theory

Now, how should the degree of the surprise be measured? Inthe
preceding paragraph  -A, the presence of the walls having
diagond or distorted surfaces that gppear suddenly in a repetition
of monotonous square plans was taken as an example of the
degree of surprise. Namely, when a tired visual feding brought
about by a repetition of monotonous square plans is diminated
temporarily, by an architectural materid having a nature different
from that of the monotonous square plans The viewer who
experiences the architectural space is hit by a sense of surprise.
Even an architectural structure consgting of only a single space
can give the viewer avisual sense of surprise by having changes
in each part of the architecturd space. Further, it is dso an
important fact that the viewer who experiences an architectura
space is an existence moving about fredy within the architectura
gpace making contact with the space at al possible distance. In
other words, there are al sorts of non-rectangular architectural
configurations ranging from ones having only a single part
accented differently to others having avariety of accents a every
part at dl possible scaes. It may be true that the degree of surprise
the viewer experiencing from the latter space configuration would
perhaps be much grester than that of the former gpace
configuration.

Now, we notice that the considerations stated so far with respect
to the degree of surprise that one experiences from an architectura
space configuration is Smilar to the concept of the fractal and the
way of conddering the fracta dimenson. The Mandelbrot set
brings about agreet variety of scenes dependent on the position of
observation or changes in scde. The same is true of trees,
coadtlines, etc. exiging in the natural world. Moreover, the fractd
dimension makesit possible to quantify such natural complexities,
the magnitudes of changes, and so on.

That is, it can be conddered that the method for measuring the
fractd dimension representing the complexity an object having a
fractal nature is aso applicable for messuring the degree of
surprise with respect to space configurations.

. PROPOSED METHOD

A.  Modified Box-count method

There are many evauation types available for measuring the
fractd dimension, i.e., the smilarity dimension, the Hausdorff
dimension, the spectrum dimension, etc.[2]. In this study, we paid

atention to the cgpacity dimenson which has been used
frequently to analyze exigting architectural space configurations.
The capacity dimension is defined based on covers usng the
congtituents having the same size and shape, (A square is actualy
used for the condtituent which is hereinafter called “box”)(the
box-count method). Out of agroup of boxes covering an objective
configuration, only some of those containing the objective
configuration are extracted and are used as the object for the
measurement of the fracta dimension at the next stage. The
procedure for measuring the fractd dimenson of the objective
configuration by means of the capacity dimension is enumerated
in sequence asfallows.

1) Cdculate the totd number of boxes extracted from the
objective configuration. Further, change the scale of the boxes and
then do the same work, that is, calculate the total number of boxes
extracted from the objective configuration.

2) Plot the data obtained from step 1) together with the inverse of
the changed scae of the extracted boxes on a full logarithmic
table.

3) Cdculate the inclination of the straight recurrent line obtained
from the full logarithmic table prepared at step 2).

According to the conventional box-count method, al the boxes
containing the objective configuration are extracted. However, ina
new method for extracting the boxes that we propose in this study,
anumber of additiond steps are required. Therefore, the condition
for extracting the boxes according to the modified box-count
method used in this study are described in the following paragraph

-B.

B. Thenew method for extracting the boxes

The procedure in the new method for extracting the boxes used
in this study is enumerated in sequence as follows. In addition, for
an extraction sample, refer to Fig. 1 (steps a through d in Fig. 1
correspond to the following description steps &) through d),
respectively.

a) Cover the objective configuration with a group of boxes having
acetansze

b) Extract the boxes containing the objective configuration.

¢) Out of the group of boxes obtained by above step b), extract
only the boxesinsde or outside the configuration.

d) Out of the group of boxes obtained by step ), extract only the
box groups which consist of two or more boxes connected in
diagond directions.

The total number of the boxes that remain after the completion
of the above steps becomes the data obtained in the preceding
paragraph 2). Namdly, the above steps ¢) and d) are the new
procedural steps added to the procedure of the conventional box
extraction method.



Moreover, a little more explanation needs to be added to the
operétion €).

Representing the objective configuration with lines, because the
configuration is generdly closed, two areas definitdly appear
ingde and outside the configuration. If the boxes containing the
configuration are extracted leaving such a sete that there are two
aress insde and outside the configuration as it is, the extracted
boxes may present the threat of duplication insde and outside of
the configuration. In that case, it is necessary to sdect either the
insgde boxes or the outside boxes. In addition, if the configuration
to be analyzed is a picture or sculpture, the index for grasping its
features can be measured eesily.

The above procedure is the new method proposed in this study
for measuring the features of a configuration, and is cdled the
modified box-count method[3].
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Objective configuration

§ oo

Finally extracted boxes
Flg. 1 Procedures for extracting the boxes
(Red boxes: Extracted boxes. Green boxes. Deleted boxes)

APPLICATION OF THE MODIFIED BOX-COUNT
METHOD TOARCHITECTURES

A. Outline

Based on the modified box-count method for extracting and
cdculating the boxes for a configuration described in the
preceding chapter, the gpplication of this method to architectures
isdescribed in this chapter.

B. Method of the application

(a) Setting up an area for extracting the boxes

As stated to a certain extent in paragraph  -B, there is some
difference in the method for extracting boxes for picture or
sculpture configuration versus architectural configuration. The
difference is mainly that an architectural configuration has an
indde. In other words, if the object is an architectura
configuration, consideration of the area for extracting boxes

mentioned & work step ¢) in paragraph  -B from either indde or
outside the configuration is a decision entrusted to the user. That i,
if the purpose of the andyss is the internd space of the
architecture, the indde may be selected, wheress if the purposeis
the externd space, the outside may be sdected. In this connection,
since attention in this study is paid not to the whole body of an
architectura configuration, but to its interna space (view point of
a person experiencing the gpace), the indde area should be
sected.

(b) Division of the components of floor plan configuration

It was described in Chapter in this thess tha paying
attention to whether or not an objective floor plan isformed into a
rectangular structure using straight lines is an assumption for
cregting a relevat index. In order to darify the type of
architectura structure such as rectangular type or non-rectangular
type, various components condtituting an architectura structure
need to be defined and divided dearly. Otherwise, the architectural
sructure’'s components cannot be clarified. The aforementioned
matter is also a difference between the sculptura configurations
and the architectura configurations. In this paragraph, we want to
consder this difference.

The architectura component that affects architecturd floor
plans is the most probably “wals’. Looking at a floor plan as a
dngle unit of configuration, the thing that gives the first
impression to us would perhaps be the overal shape of the
configuration. At the same time, the presence of the lines running
lengthwise and crosswise throughout the indde of the
configuration can also be an example of what impresses us about
the overdl configuration. It can be said from these impressions
that the wall as a component of a configuration has not only one
agpect of merely composing the configuration as a part of the
architectura floor plan asits name shows, but aso the other aspect
of playing a role in afecting the sensations of the person
experiencing the architectural Space as an independent individual.

Therefore, in this study, we consder the wadls as exigting
independently, and we deleted each of the boxes containing parts
where two or more lines cross each other or are contained (Fig. 2).

a. Boxinwhich two or morelines
cross each other
b. Box containing two or more lines
a b
Fig. 2 Example of boxesto be newly ddeted

(c) Procedure for working on the modified box-count method

The following defines the procedure for working on the
modified box-count method necessary when the method is applied
to architectura floor plans, and additiondly attempt to examine all



the items appearing in the preceding paragraphs.
1) Extract boxes from the objective configuration in accordance
with the procedure shown in the following steps a) through €).
a) Cover the objective configuration with a group of boxes
having acertain size.
b) Extract the boxes containing the configuration.
c) Out of the boxes extracted at sub-step b), delete each of the
boxes which contain a configuration in which two or more lines
cross each other and are contained.
d) Out of the boxes extracted & sub-gtep c), extract only the
ingde boxes.
€) Out of the boxes extracted at sub-step d), extract only the part
where two or more boxes are connected in adiagond directions.
2) Cdculate the total number of boxes extracted at step 1). Further,
after changing the scale of the boxes, carry out the same work as
sep1).
3) Plot data obtained a step 2) above together with the scale
inverseto tha of the boxes on afull logarithmic table.
4) Cdculate the inclination of the straight recurrence line obtained
from the full logarithmic table prepared at step 3).

In addition, the change of the box scale done a step 2) meansa
change in the relative distance between the person experiencing
the pace and the space itsdlf. In this article, we use four types of
boxes having scales of 2m x 2m, Im x 1m, 50cm x 50cm, and
25cm x 25cm, respectively.

C. Analyss

In this paragraph, the measurement value, the proposed index,
is actudly caculated usng the modified box-count method
described in the preceding paragraph for measuring the index.
Three architectura floor plans shown in Fig. 3 are used as the
objects of thisandysis.

a b

'] #
a. House at Sabio
b. Niemeyer House
c. BHouse

c

Fig. 30bjects of the anadlysis

Fig. 4 shows the boxes extracted on each scale, and the totdl
number of extracted boxes with their logarithmic numbers shown
in Teble 1. The inclination of the recurrence sraight line (Fig. 5)
obtained from the full logarithmic table prepared from data in
Table 1 is the measured vaue representing the degree of surprise
inthis space. The measured valueisfigured to 1.01.

A

Box Scale—200x 200 Box Scale— 100x 100

Sifled

Box Scale—50% 50 Box Scale—25% 25
Fig. 4 Extracted boxeswith four different scaes

Table 1 Thetotal number of boxes and their logarithmic numbers

Inverse of scale (x,) log(xy) Box (yy) log(yy)
1/200 -2.301 8 0.903
1/100 -2.000 12 1079
1/50 -1.699 30 1477
1/25 -1.398 61 1785
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Fig. 5 Full logarithmic table for detalisted on Table 1 and the
straight recurrence line obtained from the full logarithmic table



. COMPARISON AND FURTHER CONSIDERATION

In the preceding paragraphs, three practical architectura floor
plans by world famous architects were chosen to measure the
degree of surprise. In this chapter, we compare those measured
degrees of surprise. Further, we wish to consder the meaning of
those measured numeric values and the relationship between those
measured numeric values and the floor plan characterigtics of the
architectures.

The measured vaues obtained through this andysis, that is, the
degrees of the inclinations of the straight recurrence lines are
determined by the ratio that the total number of boxes to be
extracted increases for every work step of extracting boxes as the
box scae changes during the box extracting process. Namely, the
principa factor affecting the rise of measured vaues can be
consdered to be the degree of expansion of the range of box
extraction that occursin company with the change (contraction) in
box scae.

From here on, we intend to carry this theme forward while
collating the meesured value of each of three architectura
configurations, (the object of the andysis), with the vaue (Table
2) of the range of extracting boxes on each scae.

Figs 6 through 8 show rough ranges of extracting boxes
(circles in the configurations) in each of three configurations.
Comparisons of those configurations would unable the readers to
understand the state where the range of extracting boxesin each of
those three configurations expands.

As Fig. 6 shows, the range of extracting boxes in the “House
a Sahio” changes little on each scae, whereas both the ranges
of extracting boxes in the “Niemeyer House’ (Fig. 7) and the “B
House’ increase each time the box scade contracts. Notably, the
increasing ratio of the range in the “B House” is a a maximum.
Moreover, it is proved that the state of the range of extracting
boxes relates to the differences in the measured values (Table 2).
Thet is, the measured value in the “House a Stabio” where the
range of extracting boxes expands little fals a a vaue dightly
higher than 1.00, whereas the measured vaue in the “B House”
grestly exceeds 1.00.

Table2 Comparison of the range of extracting boxes and the
measured vaues of the three houses

Box Scale House at Stabio  Niemeyer House B House
200x 200 2 4 4
100% 100 2 5 8
50x 50 3 6 11
25x 25 3 7 12
Measured value 101 114 132
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Fig. 6 Theranges of extracting boxesin the“House at Stabio”
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As stated before, the change in box scale means the change in
relative distance between the space and a person experiencing the
pace, assuming that the person experiencing the space is the
existence moving around fredly inside the space. Namely, the fact
that the range of extracting boxes expands with the change in box
scae means that various new sights come rushing to the eyes of
the person experiencing the space while moving about fredy
indde the space (adl possble pogtions insde the objective
configuration). On the contrary, it can be said that the space within
which a change in the range of extracting boxes is little seen
shows the person experiencing the space only those dghts
gppearing from a configuration nearly equa to the space
regardless of where the person experiencing the space is
positioned.

Congdeing how drongly the modified box-count for
non-rectangular  configuration can diminate the tiresome
impression in a monotonous space for a person experiencing the
space as described in Chapter of this aticle, the modified
box-count method sdtisfies its exigtence only after the person
experiencing the space diminates the tiresome impression of the
monotonous space configuration by giving the person a greeat
variety of sights, giving the person visud surprises. In other words,
it can be said that the higher the measured vaue of a configuration
is (obtained by the modified-count method proposed in this
articde), the closer is the accomplishment of the aforementioned
requirement of the obtained floor plan.

CONCLUSIONS

The festures that the modified box-count method proposed in

this article shows when the measured vaue by that method is
gpplied to architecturd floor plansare asfollows.
1)As the range of extracting boxes from the objective
configuration increases in company with the change in box scale,
the measured vaue of the objective configuration gets higher.
2) Taking an architectural floor plan having a complexity of box
scaesranging from large to small as an architectural motif, results
in a measured vaue higher than that obtained by taking an
architectura configuration having asimple box scae asamatif.

In other words, it can be considered that this index is a ruler for
measuring the complexity of afloor plan, and sufficiently satisfies
the purpose of this aticle for finding an index indicating one
agpect of thefeatures of architectural floor plan.

As a future project, we are consdering how to enable the
modified box-count method proposed in this article for dedling
with the three-dimensiona andysis of an architectura floor plan.
The resultant effects and attempts of al the plastic formations and
designs become different dependent on whether those plastic
formations and designs are two-dimensiondly andyzed as plans
or three-dimendondly anayzed as spaces Only an andyticdl
method adaptable for both plagtic formations and designs can
probably become a new bregkthrough. Further, we are of the
opinion that the objective configuraions for the modified
box-count method can be extended not only to architecture, but
aso morewidely to various plagtic formations.

ACKNOWLEDGEMENTS

This study was supported by the Japan Society for the
Promotion of Science (2004 Grant-in-Aid for Scientific Research,
Scientific  Research(A)(1), No0.14205087:System Design  for
Architecture, Urban and Socid Systems Adapting to Human and
Environment by Complexity Science), and was aso supported by
Shouei Architects (Representative: Yasunori Nakazawa).

REFERENCES

[1] M.Kobayashi, Science of architecturd aesthetics,
Shokokusha Publishing Co., Ltd., (1991) (in Japanese).

[2] H.Tekayasu, Fractd, Asskurashoten Co., Ltd., (1986) (in
Jopanese).

[3] Y.Sato, K.Shingu, Characterigtics Analysis of FHoor Plansin
Architecture Using Modified Box-count Method, Journdl of
Japan Society for Fuzzy Theory and Systems, Vol.14, No.2,
pp.198-207, (2002) (in Japanese).



