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Abstract.
In recent years, with the development of artificial
intelligence and digital architecture, more architects begin to wonder
how to generate urban planning and urban design through computational
method. For the purpose of generating urban planning digitally using
computational algorithms, we design a series of algorithms to develop
a system that evaluates initial features of the site such as the strength
of sunlight, water, landscape. These parameters related to the function
zoning of the town were determined based on the data extracted
from case studies. These data were integrated into a Markov chain
mathematical model for the sake of analyzing the function of grid points.
Finally, an algorithm of a multi-agent system was used to optimize the
function that could evaluate the grade of each raster point of the town,
which could be used to decide the function of a specific region.
Keywords. Generative design, Town planning,Multi-agent system,
Data analysis.

1. Introduction
In the field of traditional urban planning, planners use their own experience and
some theories of urban planning to design cities. (Liu, Li, Tang 2017)However,
this working mode is disconnected from reality due to careless mistakes and
inaccurate judgment of reality. So far most generative design researches focus
mostly on the architectural form(Peng, Yang, Bao,2016), optimization of the
opening of a facade as well as the function zoning in a small range (GUO, Li,
Tang,2017).
Therefore, this paper proposes a fully artificial intelligence system based on
a multi-agent algorithm. The system can simulate the process that planners use
to design cities. It can also support planners to think about design in an early
conceptual stage. In addition, it can accurately integrate features of data of
the environment, adjust parameters according to planners’ intention to generate
several different function zoning principles. The purpose of this system is to
establish a set of methods and systems that can generate road network and function
Intelligent & Informed, Proceedings of the 24th International Conference of the Association for
Computer-Aided Architectural Design Research in Asia (CAADRIA) 2019, Paper 640 (Preprint). © 2019
and published by the Association for Computer-Aided Architectural Design Research in Asia (CAADRIA)
in Hong Kong.

232

R. ZHANG ET AL.

zoning intelligently by a computer, and relieve the pressure of planners and
improve work efficiency by computer-aided architectural design. In addition, the
digitally generated urban planning can be very well evaluated by the algorithm
that integrates different factors and objectives, and if the evaluation algorithm
is carefully planned, the outcomes could be more reasonable and reliable with
variations that could be more heuristic for planners.
2. Research Methods
2.1. DIGITAL SITE MODELING

Function zoning plays an important role in the field of urban planning. We hope
to establish a function zoning process based on site analysis. In order to better
understand the features of the site, we generate a uniform mesh surface according
to the topographic characteristics in the area of the town.

Figure 1. Modeling process diagram.

2.2. SITE FEATURE EXTRACTION AND SCORING SYSTEM

For the purpose of integrating features of the site into our model. We equally
divided the site to get grid points of the site, which means that an evaluation grid
containing a group of points is applied to evaluate all parts of the site. To quantify
features of the site, we graded each grid point by analyzing different aspects of the
site.
2.2.1. Centrality Score
The distance between a grid point and the center of the town is defined as centrality.
It is worth mentioning that we provide an interface for changing the location of
the center of the town manually. Because, for a small town, where the center is
planned can be determined by planners through comprehensive analysis rather than
by computers. In Qinglong town, we only set up one center. But more generally,
if the size of the town is large enough, it can have multiple centers. For example,
if there are n centers named P1 , P2 , . . . , Pn , then the centrality score of point Cp
should be the weighted sum of the inverse of the distance DP 1 , DP 2 , . . . , DP n
from each center, where t1 , t2 , . . . , tn represents the influence coefficient of each
center.
1
1
1
CP =
· t1 +
· t2 + . . . +
· tn
(1)
DP 1
DP 2
DP n
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Figure 2. Location Centrality Map.

2.2.2. Waterfront Score
The distance between a grid point and the nearest point in the river is defined
as waterfront score in the research. If there are multiple rivers forming a water
network, the shortest distance between grid points and each river is calculated,
and then these values are weighted according to the distance to form a waterfront
score. The formula is similar to the centrality.

Figure 3. Location waterfront plan.

2.2.3. Topographic Slope Score
The slope of a triangular mesh face where a grid point locates is defined as the
topographic slope score. For each triangular surface m, the normal vector n is
calculated first, and the angle between the normal vector n and the z-axis is the
slope of the triangular surface. Let’s say that n1 , n2 are any two unit vectors that
are not collinear on triangle m, and the unit vector on the z-axis is Nz . Then the
slope of the grid point is n1 · n2 ·Nz . After calculating the radian value of the slope,
set the slope value that greater than 15 to 0.

Figure 4. Mountain Slope Map.

2.2.4. Sunshine Condition Score
The length of time when sunshine has an effect on a house is affected by the house
orientation and the angle of incidence of the sun. The evaluation of the sunshine
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score here is an accumulation of insulation duration around the year considering
the shadow cast by the surrounding mountains.

Figure 5. sunshine condition map.

2.2.5. Landscape View Score
With regard to the quality of the landscape view, we divided the landscape into
discrete points with equal distance. Then we link each grid scenery point and the
number of sight lines which could reach the scenery point is called the landscape
score. The score could represent the area of scenery that could be seen from a
certain location. To analyze it, we raster the landscape nodes into a series of
equidistant points, and connect these points with grid points. The number of lines
that do not cross the mountain grid is taken as the evaluation value.

Figure 6. landscape view map.

2.3. FUNCTION-SITE FITNESS EVALUATION

To generate a function zoning principle, we introduced 4 function categories into
the generation system. They were residential areas, industrial areas, commercial
areas and public parks. Since a site feature system was established, we now built a
linear model using the scores of site features, to describe whether a particular point
or area of the site was suitable for a particular function category, which was called
function-site fitness (f). As shown below, the function-site fitness is described as
a weighed average of all site feature scores ([Grade]i ), the weight (ai ) of which
differs with function.
fresidential =∑ai · [Grade]i

(2)

3. Optimization algorithm of functional zoning
In order to solve the problems mentioned above, a dynamic iterative optimization
algorithm based on Multi-agent System (MAS) is developed in this research.
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Figure 7. Diagram on function evaluation system.

3.1. THEORETICAL BASIS

A multi-agent system (MAS or “self-organized system”) is a computerized system
composed of multiple interacting intelligent agents. Consisting of agents and
their environment, multi-agent systems can solve problems that are difficult or
impossible for an individual agent or a monolithic system to solve. (WIKIPEDIA)
Hereof, each grid point itself is an agent, while the functional category at each
moment is its state. Under certain conditions, agents perceive the changes in the
surrounding environment and decide future behaviors based on these changes.

Figure 8. Multi-agent System.

3.2. OBJECTIVE OF THE INTERATIVE OPTIMIZATION ALGORITHM

Throughout the iteration, we expect the final function zoning to meet the following
requirements. First, the functional category of each grid point should meet the
higher function-site fitness, based on the results of chapter 3. Second, the mix ratio
of the functional categories should satisfy with our pre-set ratio, which makes it
possible for designers to control the size of each functional partition. To meet those
requirements, we now introduce the following iterative optimization algorithm
based on MAS. Third, the topological relationship between functional areas is
complicated in town planning cases. A certain functional area may have a tendency
of aggregation or separation from another area with the same or different functional
category. Here, we use topological fitness to describe and quantify such property,
which is not included in the previous operations.
3.3. OVERALL FITNESS

As shown below, overall fitness F is composed of two part: function-site fitness f
and topological fitness T , while the b is the coefficient that indicates the strength of
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influence between agents with the same or different functional categories, which
will be discussed later in this passage.
F =f +b·T
(3)
f is described and calculated in 2.3. And now we focus on the topological
fitness. Topological fitness describes the coordination between an agent and its
surrounding agents. For a certain agent containing its functional category C,
its surrounding agents may have a positive or negative influence on this agent’s
fitness according to the relationship between functions. For example, residential
areas tend to be adjacent to public parks and to be exclusive with industrial areas.
The image on the right shows the relationship between each functional areas.
According to their mutual relationships shown on the right, we have established a
matrix on mutual relationships. For any of them, the other three functional areas
can respectively have a positive or negative effect on its fitness, which is described
as a positive or negative coefficient, shown as α on the image below. The absolute
value of this coefficient α indicates the strength of this effect. For each agent, the
sum of the influence of the surrounding agents is described as topological fitness.

Figure 9. Topological fitness describes the coordination between an agent and its surrounding
agents according to their functional categories.

It is worth mentioning that the mutual influence among agents is highly related
to their distance. In other words, in addition to the coefficient α which is
determined by agents‘ functional categories, there is a parameter or formation
that describes how surrounding agents’ influence on a certain agent changes with
distance in the calculation of topological fitness.
Here, we introduce Gaussian filter function, which is commonly used in image
processing. Its function is to calculate the influence of surrounding agents on
certain agent in a more scientific way. A two-dimensional Gaussian function is
as follows:
2 +y 2
1
− x 2δ
2
h(x, y) =
(4)
·
e
2πδ 2
(x, y) is the coordinate for each agent, which is treated as an integer in conventional
image processing; δ stands for the standard deviation. For the purpose of obtaining
a Gaussian filter template, it is a reasonable choice to discretize the Gaussian
function and take the value of the Gaussian function as the coefficient of the
template.
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Figure 10. Two-dimensional Gaussian distribution.

In this case, we took a 15*15 Gaussian filter template. For each agent P , if
its function category is classified as C, then the computer will go through agent
P ’s all surrounding agents, and record each one’s relative position in coordinates
as (i, j), and its function category as C2 . Next, the computer will get an influence
coefficient α according to C, C2 and their relationship in Figure 9. The parameter
k is related to the size of the Gaussian filter template. In this 15*15 Gaussian
filter template, k = 7. The influence of each surrounding agent of a certain
agent P is calculated as Hi,j as shown below. Then the topological fitness can
be calculated as the sum of all Hi,j in the template. The bigger the result is, the
higher the topological fitness T of a certain agent is, which means the mutual
functional relationship between a certain agent and its surrounding environment is
topologically reasonable.
2
1 − (i−k−1)2 +(j−k−1)
2δ 2
Hi,j = α ·
e
(5)
2πδ 2
Now, as we finished determining the calculation of overall fitness, a iterative
algorithm flow is necessary in reaching a scientific functional zoning.
3.4. MAS ALGORITHM FLOW

At the beginning of the MAS generative process, for a given site, the functional
state of each point is randomly assigned to each grid point according to the pre-set
mixing ratio, which ensures that the ratio of each function category always meets
our requirement. Under this condition, the next step is to optimize the functional
zoning to meet the requirement of higher global overall fitness through iteration
based on MAS.
First, we need to calculate the distance matrix of each agent using Gaussian
filter function. Then, based on the distance matrix, we could get the overall fitness
scores through calculation of the overall fitness matrixes of all the agents, of which,
we record each of the agents with relatively low overall fitness as P . As mentioned
before, agent P has a certain functional category C. We now record the overall
fitness of agent P under functional category C, for example, commercial area, as
Fc (commercial). Also, agent P ’s overall fitness Fr (residential), Fi (industrial),
Fp (public park) can be derived by the same methods. The maximum value among
Fr , Fi , Fp could be easily calculated, recorded as Fmax , and the agent’s functional
category when reaching Fmax is marked as Cmax . If Fmax > Fc , it shows that agent
P is preferable with functional category Cmax than with functional category C.
Record (C, Cmax ) as the permutation information of this agent. Now we traverse all
agents with unqualified overall fitness using the same operations as above and get
records for each agent, which comprise a permutation matrix of a two-dimensional
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array.
Here, in this permutation matrix, if the permutation information (C, Cmax )
of two different agents is exactly opposite, for example, the former is
(Commercial, Residential) when the latter is (Residential, Commercial),
then switch their functional category C. An iteration is finished when all functional
category of the matching agents have been replaced. And the iterative loop ends
calculated by the sum of all agents’ overall fitness cannot be improved any more.
Through this iterative process, an optimum functional zoning can be achieved.
4. Evaluation and discussion on multiple results of functional zoning
4.1. PARAMETERS TO BE DETERMINED

In the MAS iterative algorithm, there are two models that involve adjustable
parameters. The first is the model that calculates the functional fitness according
to the characteristics of the site, such as the calculation of the fitness of a certain
residential area. Here, as shown below, the determination of each coefficient ai is
of vital importance, directly deciding whether the result is a scientific one.
fresidential =∑ai · [Grade]i
(6)
The second model, as mentioned before, is the one used to calculate the overall
fitness.
F =f +b·T
(7)
Where parameter T stands for topological fitness. As mentioned before, in
calculating T , there is a coefficient b that indicates the strength of influence
between agents with the same or different functional categories. Here, the
parameters to be determined are this ai and b which represents the weight between
function-site fitness f and topological fitness T .

Figure 11. Parameters involved in the algorithm.

Actually, in determining those important coefficients, we would prefer a
determination system or algorithm which adopts machine learning or some other
methods of artificial intelligence, considering that there are multiple different types
of town cases which could be databases for testing whether a set of coefficients
make sense. However, considering the large amount of work which is difficult
for us at the present stage. Therefore, we adopted a manual parameter adjustment
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process which is based on our certain site- a place which could be a typical case
for town planning with complex geographical environment.
4.2. PARAMETERS OPTIMIZATION AND DETERMINATION PROCESS

First, we used the method described above to optimize and determine the
coefficient ai in the function-site fitness model. ai , representing the weight of
each functional category in calculating a certain function-site fitness, differs
from one functional category to another. Considering that commercial land use
becomes increasingly important in urban planning, we first determined the weight
of the fitness score of commercial areas ac , which directly decides the priority
of commercial land use among all functional category. The larger the value, the
higher priority commercial land use possesses during operation. The image below
shows how functional zoning varies with ac .

Figure 12. Different functional zoning proposals with different values of ac .

Then, considering that the relative weight between the function-site fitness and
topological fitness may have a more significant influence on the global system, the
determination process performed above is operated on the coefficient β. Larger β,
greater impact topological fitness will have on the global evaluation system.

Figure 13. Different functional zoning proposals with different values of β.

It is shown on the image above that the approximate structure of the entire
functional zoning is basically determined in a clear way, generally satisfying the
requirements mentioned above. Now we can go back to the parameters which we
have already optimized before, to perform further calibration. Fig. 15 shows the
adjustment of acp , the relative priority weight between commercial land use and
public green space.

Figure 14. Different functional zoning proposals with different values of acp .

The MAS system can generate multiple function zoning plan as the random
seeds that are used for initiating the generation change. In order to select a
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proper plan, we considered the relationship between functional areas and whether
the generated functional zoning scheme fits the current site conditions. We
chose the one with the best environmental adaptability, which is shown in the
image below. In the functional zoning plan, the industrial area (brown) is
located downstream of the river, minimizing its pollution to the whole town.
Commercial areas (red) are distributed along the river, showing its high priority in
selecting the city’s best view. As for residential areas (yellow), they are mixed
with a commercial part and public green spaces, creating livable communities.
Generally speaking, this solution is in line with our expectations for the functional
arrangement. As shown in Figure 16, there are several points with commercial
function category scattered among residential areas, which displays a tendency
of crossed function. Actually, considering that contemporary urban planning
recommends mixed uses or functions, the result shown below should not be
regarded as a final sharp function zoning result, but a referential result which shows
a tendency of distribution of different functions. In other words, Figure 16 shows
the distribution of function categories with greatest possibility for each part of the
site.

Figure 15. Different functional zoning proposals with different values of acp .

5. Conclusion
In the whole process of using the set of algorithms to explore the generation of
town planning, The Qinglong Town is selected as the test problem in this research.
However, the system is not general enough.Thus when the system is applied to
another town case, it may still need some manual adjustment of parameters in that
functional zoning or other urban planning process depend on the state. Also, it
is worth mentioning that the system lacks a clear logic for the computer to judge
whether a solution or scheme meets our expectations for the moment. If possible,
we would really like to explore machine learning’s application in such area to help
us to generate all those designs in a more intelligent way.
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