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Abstract: This empirical study in this paper focuses on the application of evolutionary computation
in parametric urban block design to solve the problem of how to effectively find the optimal design
solution set among a large number of schemes obtained through parametric urban block design.
Through the application of evolutionary computation, a set of parameterized intelligent generation
methods of urban blocks under the guidance of multi-conflict objective optimization can be estab-
lished. The empirical study presented is based on a typical Russian block redevelopment design
along the Chinese Eastern Railway. The design aims to transform and redevelop the original block on
the basis of protecting its historical buildings and street pattern, taking into account environmental
and economic considerations. The final results show that under the premise of reasonable overall
evolution, a large number of block design schemes with complex design objectives can be obtained.
Furthermore, according to the index data analysis of Pareto’s overall optimal, mean value, median
value, extreme value, etc., it provides designers with methods to select a series of optimal schemes
quickly and efficiently based on different factors such as comprehensive balance, average and middle
ranking, and individual best.

Keywords: evolutionary computation; multiobjective optimization; building block; parametric urban
block design; shape grammar; NSGA-II

1. Introduction
1.1. Research Background

Since the 1970s, researchers have explored the design of parametric intelligent gen-
eration systems in the field of architecture and urban design. The high computing power
of intelligent generation design in urban design enables designers to generate and assess
a large number of design alternatives quickly but also presents the challenge of quickly
identifying the optimal or near-optimal design. The process of conventional intelligent
generation in urban design involves three steps: scheme generation, performance analysis,
and scheme assessment. Scheme generation involves the use of shape rules that conform to
the design generation process to generate schemes [1]. The performance analysis involves
determining the final result of scheme generation on the basis of performance indicators.
Scheme assessment involves evaluating the suitability of parametric automatic generation
schemes on the basis of performance indicators. Recently, researchers have begun to study
parametric intelligent generation methods based on multiobjective optimization, which
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enhances the design process through the addition of multiple optimization objectives [2,3].
Scheme generation evolves toward optimization to identify a scheme that satisfies multiple
optimization objectives and yields indicators of high performance [4–6]. This method
can reduce debugging time and increase the applicability of conventional urban design
parametric intelligent generation systems. However, few experimental studies on this topic
have been conducted, and practical applications are limited.

Transforming and utilizing historic city blocks while preserving local historical tradi-
tions and ethnic characteristics are crucial tasks for scholars. Urban design is an effective
method of exploring the preservation, renewal, and reuse of historic city blocks. In the
early stage of urban design, fundamental problems related to the conservation, renewal,
and reuse of historic city blocks can be solved by controlling key performance indicators
and through in-depth research on the morphological elements of sites and architectural
layouts on historic city blocks. At present, the traditional intelligent generation method of
urban blocks also faces the issue of finding the optimal schemes.

1.2. Research Progress

At present, the core methods of generative technology, which originated from comput-
ers that imitate natural creation, are generally Cellular automatons, L-systems, and shape
gramma. Cellular automatons are limited to unit cells of a predetermined mesh shape and
regular evolution between unit cells during the generation process [7]. L-systems are based
on fractal theory and involve repeatedly replacing parts of a basic shape to form a complex
shape [8]. Shape grammar is not limited to specific mesh shapes and local interactions, and
a set of shape rules that guide the design generation process can be adopted [9]. Shape
grammar involves defining and applying various rules for objects of different shapes at
each stage of the design process, which enables the creation of numerous schemes suitable
for complex shapes and urban design requirements (BuHamdan, Alwisy, and Bouferguene,
2020; Lienhard et al., 2017; Mandow et al., 2020)

Typical evolutionary algorithms with multiobjective optimization are the particle
swarm optimization algorithm, ant colony optimization algorithm, and genetic algorithm.
These algorithms are based on the principles of biological evolution and genetics, but they
differ in terms of the exchange of genetic codes, the focus of mutation, and the method
of calculation [10,11]. The particle swarm optimization algorithm involves using only
schemes generated through iterative operations to identify the global optimum, whereas
the ant colony optimization algorithm involves the use of a probabilistic algorithm to
identify optimal paths in graphs. A genetic algorithm is used to identify the optimal
scheme by simulating natural evolution processes, in which crossover and mutation are
crucial; it has improved global optimization capabilities. In the development process of
genetic algorithms, it has successively developed multiple objective genetic algorithms,
non-dominant sorting genetic algorithms, and group decisive genetic algorithms. Non-
dominant sorting genetic algorithm can obtain uniformly distributed and multiple different
optimal or non-inferior solutions according to the dominant and non-dominant relationship
between individuals in the population, and it has also been proved that the algorithm has
more advantages [12]. Furthermore, in 2000, Indian scholars Pratab A, Deb K, and others
improved the non-dominant sorting genetic algorithm [13,14], which greatly accelerated
the speed of the algorithm by further accelerating the sorting of non-dominated solution
sets based on the non-dominant sorting genetic algorithm, and proposed the improved
non-dominated sorting genetic algorithm II (NSGA-II) with elite strategy.

Therefore, the integration of genetic algorithm into shape grammar would represent a
more suitable multiobjective intelligent optimization method for generative urban blocks
under the guidance of multiobjective [15]. On the basis of a literature review, this study
developed a complete set of multiobjective intelligent optimization methods for urban
blocks based on NSGA-II and shape grammar. The method comprises scheme generation,
performance analysis, and evolutionary assessment. It also changes the traditional auto-
matic generation method into an automatic generation method oriented to optimization
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objectives to meet the challenge of effectively finding the optimal design in a large number
of schemes.

A commonly used operating software for shape grammar, Rhino, has strong model-
processing capabilities, and its corresponding Grasshopper visual programming language
is user-friendly for general designers. Its Wallacei platform is based on NSGA-II, namely a
multiobjective optimization platform of the NSGA-II. This study adopted Rhino and its
parametric intelligent plug-in (Grasshopper and the Wallacei platform) as the software
platform for generative urban design schemes and multiobjective optimization selection.

2. Materials and Methods
2.1. Procedure

This study was conducted in three sections (Figure 1).
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First, an intelligent parametric model based on shape grammar and control param-
eters was generated. Under the control of the performance indicators, the initial scheme
model was generated. Establishing an urban block design grammar of urban block based
on shape grammar and pattern language thus constitutes a complete generative urban
space design method involving morphological analysis, rule-making, and scheme gen-
eration. This includes 5 main steps: (1) data analysis and determination of design goals;
(2) determination of ontology of the urban block design; (3) feature extraction of shape
elements of urban block design ontology; (4) editing and application of urban block
design grammar.

Second, the design optimization objectives and model variable genes were determined.
On the basis of the design goals, the optimization objectives were developed to guide
the evolutionary algorithm. By applying the evolutionary computing technology of the
NSGA-II algorithm in the genetic algorithm, variables controlling model form were ana-
lyzed to create a variable gene library for the optimization of the evolutionary algorithm,
including 3 main steps: (1) setting the optimization objectives. In addition to the main
performance parameters generated by the scheme in the previous stage, other indicators
such as environment and economy can be added as optimization objectives. (2) setting
the variable genes. The first-level control parameter is selected as the variable gene of
multiobjective optimization, and the specific value of the control parameter variable gene
is taken at fixed intervals within the original range to optimize the evolution process.

Third, the multiobjective schemes were comprehensively optimized. On the basis of
the optimization objectives and conditions, comprehensive evolutionary multiobjective
optimization was performed to determine the optimal scheme. This section mainly pro-
posed three methods of scheme selection: (1) based on the Pareto front, which is suitable
for optimizing multiple conflicting objectives without affecting the indicators; (2) based
on fitness sorting, which is suitable for quickly selecting the average and relative differ-
ence among the schemes in the evolutionary optimization process; (3) based on specific
fitness sorting, which is suitable for quickly selecting a scheme when a certain optimization
indicator reached the maximum value among all schemes in the evolutionary
optimization process.

2.2. Case Introduction

The Chinese Eastern Railway is a part of the Trans-Siberian Railway, built by the
Russian government in 1896. It spans Heilongjiang, Jilin, and Liaoning provinces and
the Inner Mongolia Autonomous Region, forming a T-shaped railway line. It is also
China’s first railway that meets international standards. The construction of the railway
prompted the development of the surrounding cities and towns, leading to the creation
of a Chinese Eastern Railway building complex consisting of various European-style and
Chinese–Western buildings (structures), most of which maintain the original patterns and
architectural styles of the cities and towns. The area in front of Anda Railway Station is
a historic city block. The station was one of the first eight third-class stations built by the
Chinese Eastern Railway, which consists of 2 provincial-level and 62 city-level cultural
preservation buildings in the Russian style (Figure 2). With the effort of the Anda Municipal
People’s Government, shanty towns in the historic city block have been relocated, and the
block has been redeveloped and utilized. This study attempted to preserve the cultural
buildings and street patterns of the historic city block in front of the railway station and to
renovate it into a Russian-themed block providing food and beverages, shopping areas,
entertainment, and accommodations.
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Figure 2. (a) The location map of main stations of Chinese Eastern Railway (China section); (b) satellite
picture and current photos of the historical city block in front of the railway station in Anda City,
Heilongjiang Province, China.

3. Practical Case Application
3.1. Generation of Parametric Intelligent Scheme Model

On the basis of the land requirements of the upper-level planning and of development
potential assessment of the land, the core site of the historic city block was selected as
the experimental plot, with an area of approximately 13 hectares. By combining the
spatial layout planning features of the historical city block in front of the railway station in
Anda City, such as square block, garden style, and symmetrical linear layout of historical
buildings, this planning continues its original “top-down” design idea, and carries out the
auxiliary design of parametric intelligent scheme model through the urban block design
grammar based on shape grammar, which is mainly divided into four steps:

(1) Data analysis and determination of design goals: Sorting and analyzing the original
data of the block for organizing the thought before determining the design scheme
and determining the design goals of the case in combination with the master planning
and case reference.

(2) Determination of ontology of the urban block design: Structurally defining the objects,
types, parts, and relationships in the field of block-level urban design. By referring
to the definition of urban design ontology proposed by Beirão [16], the eight main
systems developed in the urban design field of the case block, including the street
system, built system, property system, natural system, reference system, public space
system, activity system, and charisma system, and the object class of each system, are
determined.
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(3) Feature extraction of shape elements of urban block design ontology: Extracting mor-
phological and topological relationships of each object and between objects according
to the definition of urban design block ontology as the basic consideration of the
urban design rules.

(4) Editing and application of urban block design grammar: Determining new shape
design rules as the generation elements in combination with the characteristics of
ontology shape elements and design principles for completing the grammar-assisted
intelligent generation of the development scheme based on grammatical structure
sequence conforming to the design idea of “top-down”, combination of multiple
urban inductive pattern languages based on shape grammar, and setting of control
parameters that meet the requirements of urban design and specifications.

Through the above research steps, according to the specific design objectives of dif-
ferent plots, historical commercial theme street plots (including historical buildings) and
independent commercial theme street plots (excluding historical buildings); three main
performance indicators of specific building density, floor area ratio, and green area ratio;
and the parametric scheme models of different plots of the core site of the historical city
block in front of the railway station in Anda City are finally generated (Figure 3).
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3.2. Determination of Optimization Objectives and Variable Genes

First, the optimization objectives were set. The theoretical research and practical
aspects of the preservation, renewal, and reuse of the historic city block were not large-
scale demolition and reconstruction but a gradual and comprehensive process of renewal
that incorporated humanism and material and spiritual relics [17]. Thus, a multiobjective
reconstruction method that benefits the environment was developed [18]. However, no
unified standard is available to assess indicators of historic city block preservation and reuse.
These indicators generally include physical space, traffic, commercial facilities, culture,
and the residents’ lives. According to the above situation, based on the three performance
indicators generated by the parametric intelligent scheme evaluation, the environmental
and economic considerations are added to determine the following optimization objectives
(indicators): the building density, the floor area ratio, the green area ratio, total selling price,
and the site’s solar irradiance during the winter solstice.

Second, the variable genes were set. In the process of parametric intelligent scheme
generation, the parameter level of control scheme model generation is set according to
the principle of operability, and the concise and specific parameters can be selected as the
primary parameters for facilitating other designers or non-professionals to control and
observe the schemes. Other parameters can be set as secondary or tertiary parameters
according to the requirements of programming. The first-level control parameter is selected
as the variable gene of multiobjective optimization, including:

� Width of the principal walking axis (5–10 m)’;
� The relative position of the center line of the principal walking axis (0–1);
� Subdivision ratio of plot edge line (0.3–0.7);
� Segmentation ratio of the combined building (0.3–0.7);
� Length of planned historic building façade (13–26 m);
� The lateral spacing of planned historic buildings (15–25 m);
� Number of planned floors (1–3) for buildings on historical commercial theme street

(including historic buildings);

• Courtyard-style segmentation to generate building depth (10–13 m);
• Courtyard-style segmentation to generate lateral spacing between buildings (2–4 m);
• Number of courtyard-style buildings to be removed (0–2);
• The number of planned floors (1–4) in buildings on a detached commercial theme

street (excluding historic buildings).

� denotes the design variables of the historical commercial theme street (including
historic buildings), and • denotes the design variables of the detached commercial theme
street (excluding historic buildings). In order to reduce the amount of program calculation
and accelerate the speed of evolution, the specific value of the control parameter variable
gene is taken at fixed intervals within the original range. Possible values for these variables
in the grammar design are as follows:

Width of principal walking axis ∈ [5, 6, 7, 8, 9, 10] m;

The relative position of the center line of the principal walking axis ∈ [0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1];

Subdivision ratio of land edge line ∈ [0.3, 0.4, 0.5, 0.6, 0.7];

Segmentation ratio of combined building ∈ [0.3, 0.4, 0.5, 0.6, 0.7];

Length of planned historic building façade ∈ [13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26] m;

The lateral spacing of planned historic buildings ∈ [15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25] m;

Courtyard-style segmentation to generate building depth ∈ [10, 11, 12, 13] m;

Courtyard-style segmentation to generate lateral spacing between buildings ∈ [2, 3, 4] m;

Number of courtyard-style buildings to be removed ∈ [2, 3, 4];
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Number of planned floors in buildings on detached commercial theme street (excluding historic buildings) ∈ [1, 2, 3, 4];

The number of planned floors in buildings on a historical commercial theme street(including historic buildings) ∈ [1, 2, 3].

Design space was defined by variable range, that is, the number k of changes (V) in n
elements that can be repeated, Vn,k = nk. If the number of building plots is 5, the number of
combined buildings generated through segmentation is 15, the number of historic buildings
generated through sequential segmentation is 10, the number of other buildings is 5, and
the number of possible changes in the urban design scheme for the detached commercial
theme street (excluding historic buildings) is as follows:

(105)(55)(155)(1025)(303) = 6.41 × 1043

3.3. Comprehensive Optimization of Multiobjective Schemes

Because each site has a different design goal, comprehensive multiobjective optimiza-
tion was conducted separately for each site. First, initial generation was performed, which
consisted of models randomly generated by variable genes that control the shape of the
initial scheme model.

Second, optimization objectives fitness was an analysis. The five optimization indi-
cators identified above, namely the optimization objective function, are optimized for an
urban patch. For urban block development, more light and green space are always positive
features, so all optimization objectives must be achieved to the maximum extent:

� Higher building density;
� Higher floor area ratio;
� Higher green area ratio;
� Higher total selling price;
� Higher site solar irradiance during the winter solstice.

The upper limit of building density was 45%, the upper limit of the floor area ratio
for the historical commercial theme street (including historic buildings) was 0.8, the upper
limit of the floor area ratio for the detached commercial theme street (excluding historic
buildings) was 1, the lower limit of the green area ratio was 20%, and the upper limit of
the green area ratio of courtyard land on the site was 50%. The total selling price (general
selling price obtained by the author by determining the selling prices of the accommodation,
dining, shopping, and cultural and entertainment buildings in Anda City) of the historical
commercial theme street (including historic buildings) was determined using three mixed
functions for dining, shopping, and entertainment. For the historical commercial theme
street, the proportion of restaurant buildings was 30% of the total building area (except for
historic buildings that retain residential function), and the unit price was CNY 1500/m2.
The proportion of shopping buildings was 25% of the total building area (except for historic
buildings that retain residential function), and the unit price was also CNY 1500/m2. The
proportion of cultural and entertainment buildings was 45% of the total building area
(except for historic buildings that retain residential functions), and the unit price was CNY
1200/m2. The selling price of the detached commercial theme street (excluding historic
buildings) was determined using three mixed functions for accommodation, dining, and
shopping. The proportion of accommodation buildings was 60% of the total building area,
and the unit price was CNY 1800/m2. The proportion of restaurant buildings was 25% of
the total building area, and the unit price was CNY 1500/m2. The proportion of shopping
buildings was 15% of the total building area, and the unit price was CNY 1500/m2. The
site solar irradiance during the winter solstice was the total solar irradiance on the ground
from 6:00 a.m. to 8:00 p.m. on 21 December (the winter solstice).

Third, the optimization conditions were set. The simulation conditions were set by
adopting a strategy of balancing exploration, development, selection, and mutation, and
the algorithm was directed to the optimal scheme within a feasible number. The following
settings were used:
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Generation size: 100;
Generation count: 100;
Mutation probability: 30% (default value = one-point crossover);
Mutation rate: 60% (default value = 20%);
Crossover probability: 80% (default value = 90%);
Crossover rate: 50% (default value = 20%);
Number of genes: 5;
Gene value: 190;
Optimization objectives: 5.

The default optimization parameters were modified, and the following actions were
taken after trial and error: (1) The probability and rate of mutation were increased to 0.3 and
0.6, respectively, to compensate for the small initial generation due to the small generation
size (100), thereby producing additional genes. (2) The number of genes was reduced, and
the genes with minor effects on the overall module of the urban design were eliminated to
reduce the number of calculations and permutations.

4. Results

The analysis of the method results was divided into two steps: overall interpretation
and scheme selection. Although the method was used for two sites, the principles, and pro-
cedure were identical. In the following subsection, the analysis of the historical commercial
theme street site (including historic buildings) is used as an example.

4.1. Overall Interpretation

The comprehensive optimization can be evaluated in terms of the fitness of the stan-
dard deviation graph, the standard deviation trend line, and the mean value trend line
of the optimization results. In the standard deviation graph for optimization objective
1 (higher building density), the overall curve shifted to the left, and the mean increased.
Then, it moved downward and widened, indicating that the standard deviation range
increased. The standard deviation trend line exhibited an increase from 0.0192 to 0.0352.
The mean line decreased from 0.312 to 0.293, indicating that it was optimized and evolved
during the process (Figure 4).

In the overall evolutionary simulation, increasing the generation diversity and fitness
led to successful evolution. The fitness of the five optimization objectives reflected a high
standard deviation, and the fitness of the standard deviation trend line of each generation
increased. In addition, the fitness of building density, floor area ratio, and green area ratio
was consistent with the control values of the initial design goal. The mean value trend line
indicated that the increase in the mean fitness of each generation was caused by the green
area ratio and site solar irradiance during the winter solstice.

4.2. Scheme Selection

On the basis that the comprehensive optimization and evolution process is reasonable,
this study proposed three methods of scheme selection based on the Pareto front, fitness
sorting, and specific fitness sorting.

4.2.1. Analysis and Selection Based on Pareto Front

The scheme selection method based on the Pareto front was suitable for handling
multiple conflicting indicators (optimization objectives) and optimizing each indicator
without affecting the others. A final screening was conducted through a k-means clustering
analysis of the Pareto front and architectural features of the schemes.
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(1) Overall evaluation of Pareto optimization results.

Pareto Optimality, also known as Pareto efficiency, is a concept in resource allocation.
It means that resource allocation reaches an optimal and most reasonable state. The value
of the objective function corresponding to the Pareto optimal solution is the Pareto optimal
frontier. None of the Pareto fronts were perfect, but the multiple objectives were successfully
balanced. Figure 5 depicts the Pareto front of the five optimization objectives of the urban
design of the detached commercial theme street (excluding historic buildings) through a
four-dimensional geometric illustration. The Pareto front is represented on three spatial
axes (X-axis: building density, Y-axis: floor area ratio, Z-axis: green area ratio), and a fourth
axis (total selling price) exhibits a gradient from red to green. The fifth axis (site solar
irradiance during winter solstice) represents a scale from large to small.

This study examined the relationships among the fitness of the various optimization
objectives. Figure 6 presents the Pareto front of the converging and conflicting criteria. The
optimization objectives of the converging criteria produced a widely distributed Pareto
front, whereas the optimization objectives of the conflicting criteria generated a narrow
Pareto front distribution.
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urban design schemes of historical commercial theme street schemes (including historical buildings).

(2) Clustering analysis of Pareto front.

This study selected the 99th-generation Pareto front, with a total of 57 individual
observations, as the initial optimal scheme (Figure 7). K-means clustering analysis was
performed to classify the scheme into three clusters. The analysis of variance results of
the k-means clustering of the Pareto front (Table 1) indicated that the F-statistics of each
optimization indicator were large, suggesting that these three clusters had large intercluster
differences and small intracluster differences. Therefore, adding the Pareto front to the
three clusters was reasonable.
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The results of the analysis of the final cluster center of the k-means clustering of the
Pareto front (Table 2) and the number of clusters (Table 3) revealed the following: Cluster
1 had the highest building density, floor area ratio, and total selling price, and it had the
lowest green area ratio and site solar irradiance during the winter solstice. Cluster 2 had
moderate building density, floor area ratio, total selling price, green area ratio, and site
solar irradiance during the winter solstice. Cluster 3 had the lowest building density, floor
area ratio, and total selling price and the highest green area ratio and site solar irradiance
during the winter solstice.
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Table 1. The results of K-means cluster analysis of Pareto frontier solution set of urban design
schemes for historical commercial theme street (including historical buildings) (I): ANOVA test.

Cluster MSE
F P

R2 df R2 df

building density 0.019 2 0.000 54 79.045 0.000
floor area ratio 0.152 2 0.002 54 65.405 0.000
green area ratio 0.004 2 0.000 54 27.015 0.000
total selling price 6,473,430.369 2 99,921.388 54 64.785 0.000
site solar irradiance during winter solstice 1.509 × 108 2 1,552,848.489 54 97.160 0.000

Table 2. The results of K-means cluster analysis of Pareto frontier solution set of urban design schemes
for historical commercial theme street (including historical buildings) (II): final clustering center.

Cluster

1 2 3

building density(%) 34.80 29.80 25.90
floor area ratio 0.73 0.60 0.48
green area ratio(%) 20.16 21.51 23.87
total selling price (10,000 CNY) 4772.51 3905.51 3155.65
site solar irradiance during winter solstice(MJ/ m2) 29,174.62 33,050.42 36,954.90

Table 3. The results of K-means cluster analysis of Pareto frontier solution set of urban design schemes
for historical commercial theme street (including historical buildings) (III): number of clusters.

Number Generation and Individual Number of Pareto Frontier
Solution Set

cluster 1 9 {99;10} {99;15} {99;39} {99;44} {99;65} {99;69} {99;73} {99;81}
{99;93}

2 37

{99;0} {99;3} {99;4} {99;7} {99;8} {99;9} {99;18} {99;20} {99;30}
{99;31} {99;32} {99;33} {99;34} {99;36} {99;37} {99;38} {99;40}
{99;47} {99;54} {99;55} {99;58} {99;61} {99;63} {99;67} {99;71}
{99;77} {99;78} {99;79} {99;82} {99;83} {99;90} {99;91} {99;92}
{99;95} {99;97} {99;98} {99;99}

3 11 {99;2} {99;17} {99;27} {99;51} {99;59} {99;60} {99;66} {99;72} {99;75}
{99;84} {99;85}

effective 57
missing 0.000

(3) Comprehensive comparison of clusters, individual observation clustering level, and
architectural features of Pareto front.

This study subdivided each cluster in the Pareto front on the basis of architectural
features (historical detached buildings, planned combined buildings, and both) and indi-
vidual observation clustering levels (distance between individual observations and cluster
center) and performed screening based on the design requirements (Table 4). First, eight
individual observations with unreasonable local architectural features were removed. Sec-
ond, 11 individual observations with similar architectural features at low clustering levels
were removed. Third, 21 individual observations with a high clustering level (top five) in
each cluster and each architectural feature were selected as the final schemes.
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Table 4. Comprehensive comparison and screening of cluster, individual cluster degree, and architectural morphological characteristics of Pareto front solution set
of urban design schemes for historical commercial theme street (including historical buildings).

cl
us

te
r

1

architectural morphological
characteristics mainly planning combined buildings both

distance from cluster center 270.2 687.3 687.3 1180.8 1226.5 1439.5 2186.2 1128.5 1128.5

plane diagram
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architectural morphological
characteristics mainly historical single buildings both

mainly planning
combined
buildings

distance from cluster center 1858.6 1897.5 1910.8 1925.1 1925.1 342.4 385.0 799.1 312.2

plane diagram
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individuals with low degree of individual clustering, and dark gray refers to the removal of scheme individuals with low degree of individual clustering in the 
remaining schemes. 
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individuals with low degree of individual clustering, and dark gray refers to the removal of scheme individuals with low degree of individual clustering in the 
remaining schemes. 
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Note: light gray refers to the removal of scheme individuals with partially unreasonable architectural form, medium gray refers to the removal of similar scheme 
individuals with low degree of individual clustering, and dark gray refers to the removal of scheme individuals with low degree of individual clustering in the 
remaining schemes. 
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individuals with low degree of individual clustering, and dark gray refers to the removal of scheme individuals with low degree of individual clustering in the 
remaining schemes. 
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4.2.2. Analysis and Selection Based on Fitness Sorting

Scheme selection based on fitness sorting was suitable to quickly identify the most
frequent indicator (mean) and median indicator (relative difference) among the schemes in
the evolutionary optimization process.

(1) Initial schemes selection based on fitness sorting of average and relative differences.

This study used fitness sorting based on the average and relative differences of the
fitness parallel coordinate plot to sort each observation in the scheme and select schemes.
The results in Figure 8 show great differences between them. The average value, that is,
the arithmetic mean of all fitness data, can represent the overall average level. The average
fitness sorting may have introduced extreme values for certain optimization indicators.
These extreme values were obtained by lowering other optimization indicators (particularly
those of conflicting objectives) to obtain a higher ranking. The relative deviation can better
explain the degree of all fitness data dispersion, the relative-difference fitness sorting was
used to balance the fitness optimization indicators, and the top 10 observations in the
ranking were selected as the initial selection schemes.
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Figure 8. Initial schemes index of fitness average: (a) relative difference fitness; (b) ranking of
multiobjective urban design scheme optimization for historic commercial theme street land (including
historical buildings).

(2) Comprehensive comparison of architectural features, mean fitness sorting, and relative
difference fitness sorting of initial schemes.

The initial schemes for the fitness sorting of means and relative differences were
compared with the architectural features of the almost historical detached buildings. This
study performed an additional screening based on ranking and design requirements
(Table 5). First, three individual observations with unreasonable local architectural features
were removed. Second, five individual observations with similar architectural features were
removed. Third, seven individual observations were selected from the top five observations
in each cluster as the final schemes.

4.2.3. Analysis and Selection Based on Specific Fitness Sorting

The scheme selection based on specific fitness sorting was suitable for quickly selecting
a scheme when a certain optimization objective reached the maximum value in the scheme
in the evolutionary optimization process.

(1) Initial schemes selection for specific fitness sorting.

Each design requirement involves different preferences for the optimization objectives.
The scheme screening based on specific fitness sorting can be conducted for objectives of
particular importance. The floor area ratio, green area ratio, and total selling price were used
as the optimization objectives for the specific fitness sorting, and the top 10 observations
were selected for the initial selection schemes.
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(2) A comprehensive comparison between specific fitness sorting of initial schemes and
architectural features.

Each cluster of the initial schemes sorted on the basis of specific fitness was screened
on the basis of architectural features, ranking, and design requirements (Table 6). First, one
individual observation with unreasonable local architectural features was removed. Second,
26 individual observations with similar architectural features were removed. Third, 10 ob-
servations were selected from the top 5 observations in each cluster for the final schemes.

4.2.4. Summary of Schemes and Comparison of Indicators

All selected schemes for the historical commercial theme street (including historic
buildings) were sorted and compared with the optimization indicators (Table 7). The results
revealed that the selected schemes conformed to the clustering results and characteristics in
terms of the indicators (Figure 9). (1) The selection scheme based on the Pareto front formed
three clusters in the indicator distribution. (Cluster 1: the highest building density/BD,
floor area ratio/FAR, and total selling price/TSP and the lowest green area ratio/GAR and
site solar irradiance during the winter solstice/SSI. Cluster 2: moderate BD, FAR, TSP, GAR,
and SSI. Cluster 3: the lowest BD, FAR, TSP, and the highest GAR and SSI.) (2) The selection
scheme based on fitness sorting indicated that the relative difference sorting tended toward
the median of each indicator and was similar to the Cluster 2 indicators based on the Pareto
front selection scheme. Under suitable conditions, it can be considered to combine with
Cluster 2 as a class of scheme set. The average sorting was similar to the Cluster 1 indicators
based on the Pareto front selection scheme. Under suitable conditions, it can be considered
to combine with Cluster 1 as a class of scheme set. (3) The selection scheme based on
the specific fitness sorting also met the extreme value requirements of the indicators. It
can provide a directly perceived shape of the partial indicators extremum scheme set and
compare with the scheme set based on the Pareto front.
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Figure 9. Comparison of final selection scheme indicators for multiobjective scheme optimization of
urban design for historical commercial theme street (including historical buildings).

Similarly, all selected schemes for the detached commercial theme street (excluding
historic buildings) were sorted and compared with the optimization indicators (Table 8).
The results also revealed that the selected schemes conformed to the clustering results and
characteristics in terms of indicators (Figure 10).
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Table 5. Comprehensive comparison and screening of architectural morphological characteristics of fitness average and fitness relative difference ranking of urban
design schemes for historical commercial theme street (including historical buildings).
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Table 6. Comprehensive comparison and screening of architectural morphological characteristics of specific fitness ranking of urban design schemes for historical
commercial theme streets (including historical buildings).
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Table 7. Summary of final optimization schemes based on Pareto frontier solution set, fitness ranking, and specific fitness for urban design schemes for historical
commercial theme street (including historical buildings) (part).
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Table 7. Cont.
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Overall, the selection methods of the optimal schemes for urban design of the histori-
cal commercial theme street (including historic buildings) and the detached commercial
theme street (excluding historic buildings) in the historic city block in front of the Anda
Railway Station can provide designers with reference to select schemes by considering
multiple factors.

5. Discussion and Conclusions

This paper applies the evolutionary computing technology of NSGA-II algorithm in
genetic algorithm, combined with the parameterized intelligent generation technology of
urban block scheme, to establish a number of conflicting design goal-oriented optimization
methods so as to quickly and efficiently obtain more optimal schemes that meet multiple
optimization objectives, and carries out empirical verification with the historic city block
in front of the railway station in Anda city, Heilongjiang Province, China. The main
contributions of this study are as follows: (1) establishing a parametric intelligent generation
method for case historic city blocks guided by conflict-based multiobjective optimization;
(2) providing an evolutionary multiobjective scheme optimization and selection method
for case historic city blocks based on various factors; and (3) practically proposing specific
schemes to renew, reuse, and preserve the regional characteristics of case historic city block.

The whole study consists of three parts: First, the parametric intelligent scheme
model is generated. Mainly according to the SG rules and control parameters, under
the control of performance indicators, through the shape grammar-based urban block
design grammar, the initial scheme model was generated. Secondly, determine the design
optimization objectives and model variable genes. Based on the performance indicators of
the parameterized intelligent scheme, the building density, the floor area ratio, the green
area ratio, the total selling price, and the site’s solar irradiance during the winter solstice
are selected as the specific optimization indicators to guide the direction of the entire
evolutionary calculus. At the same time, the primary control parameters of the control
model form are summarized and sorted to form a variable gene pool for later optimization
of evolutionary computation. Third, comprehensive optimization of multiobjective schemes
is conducted. The parameters of the optimization conditions are reasonably modified to
obtain more scheme types, the multiobjective comprehensive evolutionary optimization is
performed according to the optimization objectives and optimization conditions, and the
optimal model solution set is obtained.

The research focus is on further analysis and scheme selection of the optimization
evolution results, combined with the indicators and architectural shape characteristics. On
the basis of overall optimization and rational evolution, three methods of scheme selection
were proposed. The first scheme selection based on the Pareto front was suitable for multi-
ple conflicting objectives and optimizing each objective without affecting the indicators.
This study also integrated the individual observation levels in each K-means cluster into
the architectural features for final screening, which is a refinement and improvement of
the previous similar scheme selection method [16]. The second scheme selection based
on fitness sorting was suitable for quickly selecting the average and relative difference
among the schemes in the evolutionary optimization process. The third scheme selection
based on specific fitness sorting was suitable for quickly selecting a scheme when a certain
optimization indicator reached the maximum value among all schemes in the evolutionary
optimization process. At the same time, the results of these three methods can be combined,
supplemented, and compared.

Overall, the urban design optimization results for the historical commercial theme
street (including historic buildings) and the detached commercial theme street (excluding
historic buildings) in the historic city block in front of the railway station of Anda, Hei-
longjiang Province, China, provide a reference for designers to quickly and efficiently select
parametric urban design schemes on the basis of various factors such as Pareto, mean,
median, extreme, etc.
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