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Automatic Configuration of Cityscapes

In this study, Japanese cityscapes in the Tokyo metropolitan district are
depicted by using algorithmic computer graphic configurations. A
numerical analysis of the three-dimensional configuration is performed
to grasp the characteristics of its form. The distributions of the heights of
the buildings in the city blocks are observed to be similar to a normal
distribution. As random numbers based on a normal distribution can be
generated using the mean and variance as parameters, it is possible to
generate the forms of cityscapes using computer graphics configurations.
The planar shapes of buildings are able to be extracted from map data.
Map data indicating the planar forms of buildings throughout Japan are
provided by the Geospatial Information Authority of Japan. However,
the heights of buildings are not included in the map data. We attempt to
generate cityscapes automatically. We reproduced the appearance of a
cityscapes using this approach.
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1. INTRODUCTION

The objective of this study is to create cityscapes using
algorithmic computer graphic configurations.

In Japanese cities, especially in the multiple city
centres of the Tokyo metropolitan district, buildings are
distributed diversely. In particular, the heights of the
buildings are diverse and apparently random. Such
diversity and randomness are observed not only within
individual city blocks, but also within entire
neighbourhoods, where low-rise and mid-to-high-rise
buildings are densely and randomly crowded together.
The mixture of these city blocks forms a three-
dimensional (3D) cityscape and gives rise to its
characteristics (see Figure 1).

The planar shapes of buildings can be extracted from
map data. Map data containing the planar forms of
buildings throughout Japan are provided by the
Geospatial Information Authority of Japan [1].
However, the height data of buildings are not included
in the map data. Although there are several ways to
survey and determine the heights of buildings, we do
not perform a survey in this study, but rather, attempt to
generate cityscapes automatically.

2. ANALYSIS

We performed a numerical analysis of the 3D
configurations as aggregations of the building volumes
in Asakusa (see Figure 2), one of the historical city
centres of Tokyo, to confirm the characteristics of the
form of the cityscape.

Figure 3 shows the 3D configuration of Asakusa
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around the Senso-ji temple (the temple is not depicted).
This cityscape model was generated by using digital
map data, provided by the Geospatial Information
Authority of Japan.

ASAKUSA

SHIBUYA

IKEBUKURO

SHINJUKU

Figure 1. Cityscapes of city centres in Tokyo [2]
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Figure 3. 3D configuration of Asakkusa (left) and the arrangement of small buildings (right)

The planar shapes of buildings can be extracted from
the map data. However, the heights of buildings are not
included in the map data. Thus, we referred to a
commercially available map (ZENRIN [3]), which
shows the number of floors of buildings, and inferred
the heights of the buildings from this information.

In this area, 2,068 buildings having 1 to 15 floors are
arranged. Table 1 shows, by the number of floors, the
average building area, and the total area of small
buildings (the building area is less than 50m? shown
with black colour in Figure 3), and middle buildings
(the building area is between 50m” and 200m?), large
buildings (the building area is more than 200m?). And
Figure 4 shows their distribution.

The correlation ratio between the building areas and
the numbers of floors was 0.30. Thus, we could not
observe the relationship between them.

In Asakusa, the total proportion of the number of the
small buildings was 49.2%. Almost half of the total
number of low-rise buildings (1 to 4 floors) were in this
category. Although, recently in this area, mid-to-high-

This area is designated as a “Commercial Area” by
local authorities. For this area, the building coverage
ratio (planer area / site area) is limited to 80%, and the
floor-area ratio (total floor area / site area) is limited to
500-700%. According to the aforementioned data, the
actual building coverage was 67.6%, and the actual
floor-area ratio was 338.9%.
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rise buildings had been developed, many small, old . o o
houses remain. Figure 4. Distribution of building floors
Table 1. List of the average area and the total area of buildings by the number of floors
Floor 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
Num 2 898 373 383 153 77 33 40 29 28 1 8 11 11 1 2068
Area Avg (m)*| 61.4 | 52.1 | 634 | 79.8 | 101.6 [160.3]| 327.8 | 202.6 | 370.6 [190.9]185.4]305.1 | 273.7 [ 249.2 | 389.8 84.3
<50 m* 21 | 17277 | 6365 | 6208 | 1481 | 354 31 145 46 92 88 19 0 91 0 32218
50-200 m* 123 | 24723 | 13041 | 15639 | 9292 | 6079 | 2121 | 2725 | 1682 | 1948 | 1471 | 218 | 280 358 0 79700
>200 m” 0 4769 | 4236 | 8721 | 8725 [5909 | 8665 | 5233 | 9020 | 3305 | 2334|2205 | 2731 | 2292 390 68534
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Figure 5. Algorithm used to generate 3D forms

3. CONFIGURATION: ASAKUSA to their planar area - small (< 50m?), middle (50 to 200m?),
and large (>200m®). The actual average and standard
Generally, the planar shapes of buildings are given in deviation of the number of floors are shown in Table 2.

the map data, but the building heights are unknown.

Then, how can we generate the cityscape?

We used an algorithmic method to generate the
heights of the buildings. The algorithm was described
by Grasshopper [4], which is a plug-in for Rhinoceros
[5] (3D modelling application). With Grasshopper, an
algorithm is visually composed by arranging the
components on a graphic screen. A screenshot of the
algorithm in Grasshopper is shown in Figure 5.

In this algorithm, the planer shapes of the map data are
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Figure 7. Map data of Shinjuku

As we considered that large buildings will have a lot
of ups and downs, we used the corrected value shown in
Figure 2. When the floor heights are assumed to be
3.5m, the heights in each category were; small - mean
10.5m, variance 3.5m; middle - mean 17.5m, variance
7m; large - mean 31.5m, variance 14m.

Table 2. Averages and standard deviations of heights

Actual value Corrected value
Figure 6. Cityscape of Asakusa: generated using actual heig— Plane Area mean | variance mean | variance
hts (top figure) and by automatic configuration (bottom figure) Small - 50 m? 29 14 3 1
The most significant part of the automatic Middle 50 m” - 200 m” | 42 2.2 S 2
configuration is how to calculate the heights. As is self- Large 200m 1.1 3.3 2 4
apparent, the distribution of heights does not follow a 4. CONFIGURATION: SHINJUKU
uniform random number. We generated the heights by
using a random number of the normal distribution with Figure 7 shows the map data of Shinjuku (west side of
the mean and the variance. the Shinjuku railway station), which is one of the major
By applying the algorithmic method, we payed

city centers in Tokyo with skyscrapers, including Tokyo

attention to the three categories of the buildings according metropolitan city hall.
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Figure 9. Cityscapes of Shinjuku: actual height (left), and automatic configuration (right)

While Asakusa is a historic city center, Shinjuku is a
modern complex city center. Small houses are few, offi—
ces, commercial buildings and condominiums are
dominant.

In this case study, we categorized the buildings into
three: high-rise buildings with over 100m in heights;
middle buildings (<200m2); and large buildings (>200m2).
Figure 8 shows the generated cityscape. While the heights
of the high-rise buildings were generated according to their
real heights, the heights of the middle and large buildings
were generated by a normally distributed random variable
with the mean and the variance: middle - mean 15m,
variance Sm; large - mean 40m, variance 20m.

Figure 9 compares the actual cityscapes with the
automatically configured cityscape.

5. CONCLUSION

For a case study, two Japanese cityscapes, Asakusa and
Shinjuku, were depicted by the simple method, using
the map data and the automatic configuration of the
building heights. Categorization of buildings by their
planer areas and usage of the normal distribution for
generating building heights were considered to be
effective.

As a matter of fact, the automatic configuration is
nothing more than a rough prediction. However, its
appearance is considered to expresses the image of the
cityscape.
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AYTOMATCKA KOHOUTYPALIMJA YPBAHHUX

MEJ3AKA

H. Anpo
Pax mpukazyje jamaHcke ypOaHe —Tmej3axke Y
BenerpajgckoM — moapy4jy — Tokuwja — xopumhemem

QITOPUTAMCKHX padyHapcKuX Tpaduukux KoHpury—
pauuja. V3BpiueHa je HyMepH4Ka aHalM3a TPOIUMCH—
3WOHANTHE KOH(QHUTrypamnmje Aa Om ce noOmie Kapak—
TEPUCTHKE HeHOr o0nmka. YTBpheHO je ma cy
IUCcTpuOyIMje BUCHHA 3rpafa y craMOeHNM OJOKOBHMA
CIIMYHE HOpMaNHO] aucTpuOynuju. Kako ce ciydajHu
OpojeBH 3aCHOBAaHM Ha HOPMAJHO] JUCTPUOYLUjU MOTY
TeHepHCcaTH KOpPHUIINEHeM CpeAme BPEeIHOCTH W
BapHjaHCe Kao Tmapamerapa, moryhe je TeHepHcaTH
obimke ypOaHMX IIej3aka IMPUMEHOM pavyyHapCKUX
rpaguykux KoH¢urypanuja. PaBHe o0muke 3rpaja
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Moryhe je mobutu u3 mama nojaraka. [lomgamu u3 Mana
KOjHU TIOKa3yjy paBHE oOJHKe 3rpafa mupoM JamaHa cy
noOmjeHn ox YmpaBe 3a TeompocTOopHe HH(popMmarmje
Janana. Meljytum, momanu O BHCHHAMa 3rpajga He
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