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ABSTRACT 

As the birthplace of  national culture, traditional villages can convey cultural and social natures through 

spatial configuration. Based on the theory of  spatial syntax, this paper combines the genetic algorithm to 

design the fitness function for optimization, and selects the streets and lanes of  Wengji Village as the 

research sample, focusing on the analysis of  its morphological evolution mechanism from 1975 to 2020. 

Through quantitative analysis, it is found that although the streets and alleys of  Wengji Village show 

spatial scale expansion due to social and economic development, the village streets and alleys can still 

maintain the original spatial texture and style. The integration degree, selectability, synergy 

(0.4273~0.6395) and comprehensibility (0.3744~0.5761) of  the streets and alleys in Wengji Village are all 

characterized by increasing, indicating that the spatial accessibility, spatial openness and spatial wholeness 

of  the streets and alleys in Wengji Village have been improved. However, the degree of  synergy and 

comprehensibility are still lower than 0.7, and there is some room for optimization of  the wholeness and 

cognizability of  the streets and lanes of  Wengji Village. It is necessary to protect and continue the overall 

structure of  the village, optimize and integrate the key spaces of  the village, and rationally control the 

development process of  the village, so as to promote the protection of  the spatial form of  the streets and 

lanes of  Wengji Village and the continuation of  the cultural lineage. 

Keywords: genetic algorithm, spatial syntax, spatial morphology evolution, quantitative analysis, streets and 

lanes of  Wengji Village 

 

1. Introduction 

Spatial syntax is a series of  theories and techniques about space and society, and its core idea is that space 

is not the background of  socio-economic activities, but a part of  the development of  socio-economic 

activities. As a new language for describing architectural and urban spatial patterns, the basic idea of  spatial 
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syntax theory is to divide the space into scales and spatial divisions, and to analyze its complex relationships 

[1-4]. The space referred to in spatial syntax is not only the object described by Euclidean geometry that 

can be measured mathematically, but also describes the topological, geometrical, and practical distance 

relationships between spaces. It not only focuses on the local spatial accessibility, but also emphasizes the 

overall spatial accessibility and relevance [5-8]. Genetic algorithm is a kind of  optimization algorithm 

simulating natural selection and genetic mechanism, by simulating the evolutionary process of  organisms, 

using the principle of  survival of  the fittest to the optimal solution of  the problem. The main application 

areas of  genetic algorithm include optimization problems, machine learning, combinatorial optimization, 

image processing, etc [9-13]. 

As a carrier of  regional society and a specimen of  traditional culture, the streets and lanes of  Wengji 

Village reflect the spatial construction behaviors, social and cultural thoughts, and economic development 

level of  people in different regions and historical periods. The development of  Ongi Village streets and 

alleys as part of  modernization and development [14-17]. The evolution of  the street pattern of  Ongi 

Village becomes the most direct reflection of  the development of  Ongi Village. On the other hand, as a 

kind of  scarce resources in the process of  urbanization, the unique traditional cultural value of  Wengji 

Village streets and lanes is increasingly being paid attention to, and the street pattern, as the embodiment 

of  the traditional human habitat ideology, has become an important content for the protection and 

continuation of  traditional villages [18-21]. 

In this paper, the basic principle of  genetic algorithm is used as the theoretical basis, combined with the 

concept of  conformation in spatial syntactic analysis, and the spatial importance features of  connecting 

value and control value are used to design an adaptive function that meets the requirements to realize the 

optimization of  spatial syntax. On this basis, the spatial evolution characteristics and mechanism of  Ongi 

Village are analyzed in depth. Taking 1975, 1990, 2005 and 2020 as the key time nodes, high-resolution 

remote sensing image data and field research data, as the original information for establishing spatial 

models, using the spatial syntax theory of  genetic algorithm optimization, selecting the spatial integration 

of  spatial axes, the degree of  selectivity, the degree of  synergy and the degree of  comprehensibility as the 

quantitative factors of  spatial syntax, the spatial morphology evolution of  the streets and lanes of  Wengji 

Village The spatial morphology evolution of  streets and lanes in Wengji Village is analyzed. Finally, based 

on the results of  the analysis of  the spatial morphology of  the streets and lanes of  Wengji Village, the 

spatial morphology optimization and protection strategy of  the streets and lanes of  Wengji Village is 

proposed. 

2. Spatial syntax based on genetic algorithm optimization 

Spatial syntax is a theory that can quantitatively describe the spatial relationship between buildings and 

cities. In this paper, we use the idea of  genetic algorithm combined with the description of  the 

characteristics of  spatial relationships in spatial syntax to design the fitness function to obtain the space 

with high integration, and analyze the spatial evolution of  the streets of  Ongi Village. 

2.1. Space syntax 

Spatial syntax can intuitively and visually explore the correlation between spatial attributes and social 

attributes, so as to extract the “universal” characteristics and laws, and then guide the design and 

construction of  physical space. In recent years, spatial syntax has been gradually applied to the study of  

public space, street space and spatial cognition of  traditional villages, trying to reveal the characteristics 

of  village spatial patterns and development laws in a quantitative way, and providing new ideas for the 

study of  village spatial patterns. 

2.1.1. Analytical methods. Spatial syntax can analyze the cultural, social and economic behaviors of  the 

research object from a spatial perspective through quantitative analysis. As a method of  describing spatial 

layout and spatial relationships, its core role is to express spatial patterns abstractly from the way people 
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perceive, understand or use space, and to reproduce the spatial patterns expressed by the configuration. In 

recent years, the Convex Space Method, Axis Analysis Method, and Visual Field Analysis Method have 

been widely used in the space syntax. 

1) Convex space method 

Convex space is a closed two-dimensional figure, which can be abstracted as a plane shape of  the actual 

space. Its characteristic is that inside the convex space, any two points can see each other. In the convex 

space analysis method, the space that is not a convex space can be divided into a model that consists only 

of  a convex space, and the number of  convex spaces should be as small as possible after the division of  the 

convex space. 

2) Axial Analysis Method 

When using the axial analysis method to study the spatial structure, the object under study must walk 

along the longest line segment inside the space, and each axis is equivalent to a spatial unit. Axis analysis 

method is characterized by the abstraction of  the entire spatial system into a number of  axes, in which the 

axes represent each independent space in the system, and each relatively independent space represents the 

maximum range visible to the human eye, that is, the trajectory of  human activities, from the perspective 

of  quantitative analysis of  human activity behavior. 

3) Visual field analysis method 

The visual field analysis method is a relevant definition of  the human perspective, which usually 

represents the 360° visual field range that can be observed by a person standing at any point in the space. 

When using the visual field analysis method, the space system is first divided by a grid, and the corner 

points between the grids can be used as the characteristic points, and the syntax software is used to 

calculate the range of  the visual field of  each point of  view, each of  which can be regarded as a node in 

the spatial configuration, so that the nodes can be analyzed to obtain the values of  the parameter variables 

in accordance with the topological relationship, and the values are expressed in terms of  the warm and 

cold colors according to the size of  the values, and the points of  view are finally connected by the contour 

lines to constitute the transition region. Finally, the viewpoints are connected with contour lines to form 

the transition region. 

At present, most of  the researches focus on the axial analysis method, and the convex polygonal analysis 

method and the visual field analysis method are less involved. Since the axial analysis method can clearly 

analyze the life path of  traditional villages and can grasp the spatial structure of  village streets and lanes, 

this paper chooses the integration degree, selection degree, synergy degree and comprehensibility degree 

of  the axial analysis method as the core indicators. Therefore, this paper chooses the integration degree, 

selection degree, synergy degree and comprehensibility degree of  the axial analysis method as the core 

indexes to analyze the spatial morphology of  the streets and lanes of  Wengji Village. 

2.1.2. Quantitative indicators. The most commonly used spatial syntactic metrics are integration degree 

(global integration degree and local integration degree), depth value, selectivity, connectivity value, control 

value and comprehensibility. In this paper, integration degree, selection degree, synergy degree and 

comprehensibility degree are selected as the core indexes, in which the selection degree and local 

integration degree represent spatial local variables, which can be used to analyze the morphological 

characteristics of the local space. The global integration degree represents the overall variable, which can 

be used to analyze the overall spatial morphological characteristics. Synergy and comprehensibility 

indicate the correlation between the local variables and the overall variables. 

1) Integration degree 

Integration degree reflects the degree of  aggregation or disaggregation between a space and other 

spaces in the system. It can be divided into global integration degree and local integration degree (R3), 

where global integration degree indicates the centrality of  a space relative to other spaces, and local 

integration degree (R3) indicates the likelihood of  a space to reach all other spaces in its travel distance 

radius. A larger value of  integration indicates that the space is more topologically accessible in the system, 

and conversely, a smaller value of  integration indicates poorer topological accessibility. The formula is as 
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N denotes the total number of  axes or summary points within the system within the city. 

2) Selectivity 

Selectivity indicates the number of  times that all nodes have to pass through a particular node when 

they reach other corresponding nodes, describing the number of  times that a certain spatial unit has been 

traversed by other spatial units with the shortest path; the higher the selectivity, the stronger the 

attractiveness of  the spatial node, and the better the transportation attributes. The formula is as follows: 
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where r  represents the topological radius, rACH  represents the degree of  angular selectivity at radius 

r , and rATD  represents the angular depth value at radius r . 

3) Synergy 

In the system under study, the spatial structure at the macro level of  the system is generally evaluated 

and recognized through the global integration degree, and the local structure under a certain radius of  

activity in the system is recognized through the local integration degree, while the synergy degree is used 

to measure the correlation between the two, and thus to assess the similarity between them. 

Synergy is represented by a system of  X and Y coordinates, with the scatter points in the coordinates 

representing the elements in the study system. It is common practice to set the Y variable as the local 

integration and the X variable as the global integration in order to calculate the fit between the local and 

the overall space, also known as the degree of  synergy, which is denoted by R². A fit R² above 0.5 means 

that the synergy between global integration and local integration should be good, the spatial structure is 

more compatible, and it is easy to explore the overall space from the local space, and a fit R² above 0.7 

means that the local integration and global integration have a good fitting trend, i.e., the correlation is 

high2. 

4) Intelligibility 

Intelligibility describes the ability to perceive the overall space by local spatial connectivity. It is a 

variable used to describe the relationship between the local integration degree and the global integration 

degree. A high comprehensibility degree indicates that the research subjects can easily perceive the 

network structure of  the whole space through the information available in the local space and build a spatial 

system guide map in their mind, while a low comprehensibility degree is the opposite. The formula is as 

follows: 
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c  represents the mean of  all cell space connectivity values, while I  represents the mean of  all cell space 

global integration. 

2.2. Genetic algorithm and feature selection 

2.2.1. Genetic algorithms. Genetic Algorithm (GA) is an algorithm based on the genetic evolution 

mechanism of a natural population, which simulates the natural biological evolution process and uses 
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artificial evolution to randomize the search of the target space. It regards the possible solutions in the 

problem domain as the individuals of the population, and encodes the individuals into the form of symbol 

strings (i.e., chromosomes), simulates the process of biological evolution, repeatedly carries out crossover, 

mutation, selection and other operations on the population, evaluates each individual according to the 

predetermined fitness function, and continuously obtains a better population based on the evolutionary 

rules of superiority and inferiority, and at the same time, searches for the optimal individuals in the 

optimized population, and seeks to meet the requirements of the Optimal solution. 

GA uses certain coding techniques to construct chromosomes (individuals), and genes are the units that 

make up a chromosome, which can be represented as a binary bit, an integer, or a character, among others. 

A chromosome represents a possible solution to a problem to be solved and consists of  a number of  genes, 

which are the basic objects of  GA operations. And a certain number of  individuals form the population, 

which represents the search space of  GA. During the execution of  GA, many different individuals of  the 

population exist simultaneously in each generation. The individuals of  the next generation are decided 

based on the ability of  these individuals to adapt to the environment, and the more adaptable ones have 

more chances to be selected and retained. The strong adaptability is discriminated by the value of  the 

fitness function ( )f x . The composition of  the fitness function ( )f x  is closely related to the objective 

function and is often a variant of  the objective function. 

2.2.2. Feature selection. The basic principle of genetic algorithm feature selection is to use genetic 

algorithm to find an optimal binary code, each bit in the code corresponds to a feature, if the i th bit is "1", 

it means that the corresponding feature is selected, and the feature will appear in the classifier, and if it is 

"0", it means that the corresponding feature is not selected, and the feature will not appear in the classifier. 

The basic steps are: 

Step 1: Coding. Binary encoding method is used, the value of  each bit of  the binary code, '0' means that 

the feature is not selected and '1' means that the feature is selected. Character encoding can also be used, 

such as 'A' represents a subspace. 

Step 2: Generation of  initial population. Randomly generate N  initial string to constitute the initial 

population, usually the number of  population is determined as 50 to 1000. 

Step 3: Fitness function. The fitness function indicates the advantages and disadvantages of  an individual 

or a solution. For the feature selection problem, the construction of  the fitness function is very important, 

which is mainly based on the divisibility criterion of  the category and the classification ability of  the 

features. The effectiveness of  the fitness function will directly determine the search direction and 

evolutionary results of  the genetic algorithm. 

Step 4: Unconditionally copy the individual with the highest fitness, i.e. the best individual in the 

population, into the next generation of  the new population, and then carry out genetic operators such as 

selection, crossover and mutation on the parent population, so as to reproduce the other 1n  gene strings 

of  the next generation of  the new population. Usually the rotating wheel method is used as a selection 

method, where gene strings with high fitness have a high chance of  selection and thus a high chance of  

being inherited into the next generation, and conversely, gene strings with low fitness have a low chance 

of  selection and thus a high chance of  being eliminated. Crossover and mutation are the genetic operators 

to generate new individuals, too large a crossover rate will make the structure of  gene strings with high 

fitness be destroyed quickly, too small will make the search stop, generally taken as 0.5 to 0.9. Too large a 

mutation rate will make the genetic algorithm become a random search, too small will not generate new 

individuals, generally taken as 0.01 to 0.1. 

Step 5: If  the set number of  reproduction generations is reached, return to the best gene string and use 

it as the basis for feature selection, the algorithm ends. Otherwise, go back to (4) to continue the next 

generation of  reproduction. 



8 WANG ET AL. 

 

2.3. Adaptation function 

For the problem of  spatial syntactic analysis, the fitness function designed based on the characteristic 

relationship of  fixed-point space is based on the ratio of  mean-variance. In this paper, we design the fitness 

function for the actual problem, based on several feature quantities in spatial syntactic analysis to realize 

the process as follows: 

Step1: Let A and B be the sets of  values measuring two different classes of  features, and 1n  and 2n  

be the corresponding sample numbers. The variance sum of  features A and B is defined as: 

 ( ( ) / 1 ( ) / 2)traitS sqrt var A n var B n   (5) 

Step2: Characterization Importance: 

 peculiarity trait( ( ) /)F i fabs Ai mean A S   (6) 

Step3: Let the number of  sample categories be C. For a chromosome individual, the selected features are 

M. Then the importance index of  M features for each category can be obtained according to Eq. 6, thus 

constituting the matrix of  feature importance indexes F , i.e., the eigenvalues are described by the matrix: 
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Step4: From the Characteristic Importance Matrix F  Importance can be calculated for Characteristic 

Importance Indicator Mean AVGF , i.e.: 
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Step5: From the feature importance matrix F  count the sum of  feature importance indicators greater 

than AVGF , i.e.: 
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Step6: Construct the fitness function, i.e., the importance coefficient of  the subregion space is: 

 
2*significance F AVGI S F  (10) 

Obviously, the larger the mean value of  the feature importance index indicates that the feature selected 
by the feature is more capable of  classification, while the sum of  the feature importance indexes above the 
mean value also reflects the importance of  the selected feature. Therefore, the constructed fitness function 

I  reflects the classification ability of  the selected features. The function of  index n  is to balance the 

mean value of  feature importance index AVGF  and the sum of  feature importance indexes larger than 

AVGF  and FS . Usually it is taken as 2~5 in this paper, the value of  n  is chosen as 2. 

3. Mechanism of street pattern evolution in Ongi Village 

This chapter applies the spatial syntax theory based on genetic algorithm optimization to analyze the 

characteristics of  the evolution of  the spatial elements of  the streets and alleys of  Ongi Village at different 

stages between 1975 and 2020 from multiple perspectives respectively. 
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3.1. Subjects of study 

Wengji Brown Village is located in Lancang County, Yunnan Province, belonging to Mangjing Village, 

Huimin Township, Lancang County, and is a Brown village with complete preservation of  traditional 

features, with a planned land area of  3.607 hectares, and a current population of  80 households and 308 

people. The village has an excellent geographical position, located on the southward ridge, the terrain in 

the village is high in the north and low in the south, the surrounding forests are lush, and the ancient 

temples are standing, most of  the buildings in the village have preserved the traditional Brown style 

buildings, and are arranged in a natural decentralized pattern along the ridge, with rich spatial levels. The 

Buddhist temple is located on the high point of  the north side of  the village, the temple building form is 

the traditional Dai temple, overlooking the whole village of  Wengji, with a beautiful view. 

3.2. Data collection 

Axis mapping at key time points requires more accurate road network vector data. In this paper, high 

resolution remote sensing images from 1975, 1990, 2005 and 2020 are visually interpreted to obtain road 

network data. 

Due to the data involved in the retrospective time span is relatively large, the data collection stage is 

more difficult, but also field research visits, in the process of  visits to take pictures and text records, and to 

the relevant government departments to communicate with the relevant personnel to understand the 

situation of  Wengji Village, and at the same time to the library of  the relevant information on the collection 

of  data. After organizing the collected data, the road network of  Wengji Village was depicted by CAD 

software, and then imported into Depthmap software for syntactic analysis, and tabulated and quantified 

according to the principles of  syntactic analysis. 

3.3. Model optimization analysis 

By randomly sampling 20% of  the sample points on the remote sensing image, as the training data, the 

basic genetic algorithm SGA and the optimized genetic algorithm UGA in this paper are used for training, 

respectively, and the evolutionary curve of  the fitness is shown in Figure 1. Compared with the basic 

genetic algorithm, the optimized genetic algorithm in this paper has good convergence, the algorithm runs 

to about 65 generations close to convergence, and it can be considered to reach the optimal solution, at this 

time the value of  the fitness is 0.327. 

 

Fig. 1. The evolutionary curve of fitness 
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3.4. Quantitative analysis of spatial patterns 

3.4.1. Integration analysis. The degree of integration measures the attractiveness of the space 

represented by that degree of integration as a center, reflecting its ability to reach access. In this part, the 

global integration degree of four key time nodes of spatial evolution of Ongi Village in 1975, 1990, 2005 

and 2020 are selected to analyze the degree of association of each spatial unit. 

The results of  the integration degree of  Ongi Village at different time nodes are shown in Fig. 2. The 

global integration degree values of  Ongi Village streets in 1975 ranged from 0.322 to 0.496, with obvious 

axes grading, and the average value was 0.387, which showed that the global integration degree of  Ongi 

Village streets was low, and there was not much gap in accessibility. Axes larger than the average value 

account for 42.9% of  the total number of  axes, indicating that most spatial units are not very attractive. 

The street with the highest degree of  integration (integration of  0.496) is a strong occurrence area for 

population movement. It carries the function of  entering and exiting the village, concentrates most of  the 

important public places in the village, and is the most important public living space for Wengji villagers in. 

The global integration value of  streets and lanes in Wengi Village in 1990 ranged from 0.378 to 0.567. 

The cohesion pattern within the village was relatively clear, and the grading of  major roads and minor 

lanes was more obvious, showing good spatial order. The average value of  integration is 0.464, which is 

higher than that of  1975, indicating that the global integration of  Ongi Village increased between 1975 

and 1990. Axes larger than the mean value accounted for 47.3% of  the total number of  axes, which is not 

much changed from the previous period. 

The global integration values of  streets and alleys in Ongi Village in 2005 ranged from 0.499 to 0.625, 

with greater variability in spatial accessibility than in the previous period. The average value of  integration 

is 0.547, indicating that the global integration of  Wengi Village continues to increase in this period, and 

the overall accessibility is still in a better direction. Axes larger than the average value account for 56.8% 

of  the total number of  axes, indicating that the attractiveness of  spatial units in Wengi Village in this 

stage rises sharply compared to the previous one, and the overall accessibility is better. 

The global integration value of  streets and alleys in Wengi Village in 2020 ranges from 0.503 to 0.764, 

with an average value of  0.631, indicating that the global integration of  Wengi Village rises significantly 

in this stage, greatly improving spatial accessibility. The axes of  the village larger than the average value 

account for 67.2% of  the total number of  axes, and the overall accessibility continues to improve. 

 

Fig. 2. Results of the integration of Wonji village in different time nodes 
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3.4.2. Selectivity analysis. Spaces with higher selectivity are more likely to be traversed by foot traffic. 

In this part, the selectivity of four key time nodes of street space evolution in Ongi Village, 1975, 1990, 

2005, and 2020, are selected to analyze the traversal ability of each spatial unit. 

The results of  the selectivity of  Ongi Village at different time nodes are shown in Figure 3.The 

selectivity of  the four time nodes from 1975 to 2020 is [0, 4863], [0, 5684], [0, 7260], [15, 8876], 

corresponding to the average values of  2322, 2945, 3422, and 4538.The selectivity of  the streets and alleys 

of  Ongi Village increases with the increase of  time, and the traversal of  the village as a whole 

transportation capacity gradually increased. The highest selectivity road in the village is the same as the 

highest integration road, implying that the street has both potential as a destination and as a traversing 

path. 

 

Fig. 3. Results of the selectivity of Wonji village in different time nodes 

3.4.3. Synergy analysis. Synergy is a linear correlation index between global integration and local 

integration, with a value between 0 and 1. The fit value R² in the linear regression scatter plot of synergy 
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space tends to be a homogeneous or multi-core space with a weaker holistic nature, and if the value of R² 

is 0.5 or above, it is considered that the horizontal and vertical axes are correlated, and vice versa. In this 

study, global integration and local integration were chosen to analyze the synergy, and linear regression 

analysis was performed with global integration as the x-axis and local integration as the y-axis, resulting 

in a linear regression scatter plot. 

The synergy of  the spatial pattern of  Wengji Village is shown in Fig. 4, and (a) to (d) are the results of  

synergy in 1975, 1990, 2005 and 2020, respectively. The synergy values of  Wengji village streets from 

1975 to 2020 are about 0.4273, 0.4751, 0.5619 and 0.6395, showing a gradual increase.The synergy values 

in 2005 and 2020 are greater than 0.5, which means that the ability to perceive the whole village space 

from the nodes is stronger, indicating that the overall and local development of  the streets in Wengji village 

is relatively synchronized with the overall development of  the local area, and that there is a strong spatial 

wholeness It is a typical mono-core Brown traditional residential village. 

Between 1975 and 2020, the spatial synchronization value of  streets and lanes in Wengji Village has 

been steadily improving, thanks to the implementation of  relevant local policies and the promotion of  

socio-economic structural transformation, which has relatively improved the quality of  life of  residents 

based on the protection of  the original village characteristics, original spatial pattern and ethnic appearance. 

However, the synergy value of  the villages is still less than 0.7, indicating that the correlation between the 

global integration degree and the local integration degree of  the villages can be strengthened, and the 

ability to perceive the overall village space from the local space is still unsatisfactory, and the historical 

streets and spatial pattern texture of  the traditional villages still need to be further excavated. 
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(a)1975 (b)1990 

  
(c)2005 (d)2020 

Fig. 4. The coordination of the spatial pattern of the Wonji village 

3.4.4. Comprehensibility analysis. Intelligibility is the correlation value of global integration and 

connectivity, reflecting whether the local and overall perception of the spatial system is consistent, which 

can be understood as evaluating whether the local view seen by a person in a space helps to establish the 

perception of the overall morphological structure of the space. Connectivity refers to the number of nodes 

where one axis intersects with other axes, reflecting the individual attribute of axis accessibility, while 

global integration reflects the accessibility and permeability of an axis in the whole system. For a spatial 

system, the correlation between connectivity and global integration indicates the relationship between the 

local spatial structure and the spatial whole, and the larger the value indicates the closer the relationship 

and the higher the accuracy of predicting the overall spatial structure through the local space. In the spatial 

syntax, the regression coefficient R² is used to indicate the degree of comprehensibility, and the value of 

R² in the interval of 0 to 0.5 indicates that the system is poorly comprehensible, in the interval of 0.5 to 0.7 

indicates that the system has a better comprehensibility, and in the interval of 0.7 to 1.0 indicates that the 

system has an extremely strong comprehensibility. 

Figure 5 shows the comprehensibility results of  the spatial pattern of  Ongi Village, (a) to (d) are the 

comprehensibility results in 1975, 1990, 2005 and 2020, respectively. The comprehensibility values of  

Wengji Village in 1975 and 1990 are about 0.3744 and 0.4358, and the comprehensibility of  the village in 

both years is at a low level, indicating that it is difficult for foreign tourists to accurately grasp the overall 

space of  the village. Wengji Village has many streets and alleys, narrow and winding street spaces, and 

interlocking and changing roads, which make it difficult for tourists to accurately grasp the direction when 

they are in the village. The comprehensibility values of  Wengji Village in 2005 and 2020 are 0.5407 and 

0.5761, and the comprehensibility has risen to a better level, but it is still lower than 0.7, which is still far 

away from an extremely strong level of  comprehensibility. From the perspective of  the future development 
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of  the village and the dissemination of  excellent national culture, tourists should be appropriately guided 

to flow into the village through road signs on the basis of  protecting the naturally formed spatial texture 

and traditional architecture of  the village. 

  
(a)1975 (b)1990 

  
(c)2005 (d)2020 

Fig. 5. The comprehensibility of the spatial pattern of the Wonji village 

4. Optimization and Protection Strategy of Street and Alley Spatial Form in Onggi 
Village 

The spatial syntactic analysis model correlates the components of  the spatial morphology of  traditional 

villages to study the relationship between spatial organization and human society, pointing out a new 

method for the protection of  village spatial morphology. Based on the spatial syntactic analysis optimized 

by genetic algorithm, this section proposes a conservation strategy to optimize the spatial morphology of  

streets and alleys in Ongi Village. 

4.1. Protecting the continuation of the overall structure of the village 

The overall structure of  the streets and lanes of  Wengji Village is an important aspect of  the spatial 

pattern, and the protection of  the continuation of  the overall structure of  the traditional village is one of  

the focuses of  the optimization and protection of  the spatial pattern, which can be divided into the 

following three aspects. 

1) Protection and continuation of  landscape pattern 

Wengji Village is built on the mountain, the layout of  the village's north-south extension coincides with 

the trend of  the mountain, and the development so far is still basically maintained, which shows the 

stability of  the overall landscape pattern of  the village. To optimize the protection of  the landscape pattern 

of  the village, attention should be paid to the protection of  the natural environment around the village, 
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such as mountains, water, fields and forests. 

2) Protect the continuation of  spatial structure 

Should correctly recognize the current trend of  spatial structure change in Wengji Village, the planning 

should follow this development trend, to effectively guide and reasonably control the growth of  village 

space, while strengthening the stability of  the traditional part of  the structure, to avoid further 

intensification of  changes in spatial structure to completely change. 

3) Protection and continuation of  street organization system 

In the restoration and protection of  the village street system, the wholeness and coordination of  the 

traditional village street system should be maintained, and the historical lineage of  the village should be 

inherited. 

4.2. Optimizing and integrating key spaces in villages 

The key space of  the village contains the core space of  the village and the center space of  the group. 

Prioritizing the optimization and integration of  key spaces in villages is the most efficient way to optimize 

village space. The core space of  the village, i.e. the core of  integration degree, is often the most prosperous 

and popular area in the village with the highest accessibility and centrality. In Ongi Village, the village 

center and the Buddhist temple, as public places for large-scale activities, are the soul of  the traditional 

settlement. Optimizing and integrating the Zhaixin and the Buddhist temple in Wengji Village can better 

satisfy the villagers' living needs and, to a certain extent, promote the economic development of  Wengji 

Village. 

4.3. Rational control of the village development process 

For the rapid development of  Wengji Village in the past fifty years, it should be rationally viewed, 

scientifically and reasonably control its development process, not on the grounds of  protection, stagnation, 

hindering the development of  the village, but also not to do nothing, allowing its disorderly development 

and expansion, resulting in the gradual demise of  traditional villages in the modernization of  development. 

5. Conclusion 

Villages and dwellings are effective carriers for the inheritance of  national culture, and their spatial 

patterns are important manifestations of  national culture. The purpose of  this study is to quantify the 

characteristics of  the evolution of  the spatial pattern of  streets and lanes in Wengji Village, and to 

recognize its culture and characteristics more comprehensively. Selecting 1975~2020 as the research period, 

the spatial syntax based on genetic algorithm optimization is used to quantitatively analyze the spatial 

morphology of  the streets and lanes of  Wengji Village and to propose a conservation strategy for its 

spatial morphology optimization. 

During the period of  1975~2020, the average value of  the global integration degree of  streets and lanes 

in Wengji Village increased from 0.387 to 0.631, and the connectivity of  its village road network showed 

a large improvement, and the overall accessibility developed to a better level. The degree of  selectability 

also reflects an increase over time, with the mean value increasing from 2,322 to 4,538, implying that the 

spatial accessibility of  the streets and lanes in Ongi Village has been improving. 

Based on the analysis of  spatial integration and spatial selectability, the degree of  synergy 

(0.4273~0.6395) and intelligibility (0.3744~0.5761) of  Wengi Village streets and lanes steadily improved, 

and they have a certain degree of  spatial wholeness. However, the degree of  synergy and comprehensibility 

are still less than 0.7, and further optimization of  the spatial texture of  the village is still needed. 

The study proposes three optimization protection strategies, namely, protecting and continuing the 

overall structure of  the village, optimizing and integrating the key spaces of  the village, and rationally 

controlling the development process of  the village, so as to optimize the protection of  the landscape 

pattern, spatial structure, street and alley organization system, core space, central space of  the group, and 
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spatial development of  Wengji Village, and to be based on the current situation and adapt to the local 

conditions in the hope that the complex and diversified spatial morphology of  Wengji Village can be better 

preserved and inherited. Inheritance. 
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