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Abstract 

Chinese traditional villages have a long history with rich material and intangible 

cultural heritage, which are essential objects protected by government departments. 

Chinese traditional villages are usually located in remote areas, and the public 

service facilities are relatively backward. With the rapid development of society 

and economy, the Chinese government has made great efforts to narrow the 

imbalance and gap between urban and rural development by implementing the 

Rural Revitalization strategy to coordinate urban and rural development. To protect 

and revitalise traditional villages, the governments have continuously invested 

funds to improve and upgrade traditional villages' public service facilities, 

improving the villagers' convenience and satisfaction. However, when selecting the 

location for public service facilities, the lack of scientific evidence often leads to 

unreasonable location selection. It caused the problems of low utilisation rate and 

waste and could not achieve the expected outcome. Therefore, a scientific method 

to establish location selection is in urgent need. Using the graph theory, the Dijkstra 

method was adopted to conceptualise the location issues of public service facilities 

in traditional villages into a network graph. Using weighted modification to assess 

villagers' travel intention, it was revealed that the optimal location was the location 

determined by Dijkstra shortest distance labelling method, which was also the most 

intended travel destination. The ideal location had the largest number of users and 

the highest utilisation rate. An empirical study was employed to prove the 

rationality and feasibility of the modified Dijkstra algorithm by taking the 

Shengtang village of Weizhou Island in the Beihai City of China as an example. 

The modified Dijkstra algorithm will provide technical references for the scientific 

location identifier of public service facilities and the smart development of 

traditional villages and cities. 

Keywords: Chinese traditional village, Dijkstra algorithm, Location of public 

service facility, Smart development.  
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1. Introduction 

1.1. Traditional village and rural revitalisation in China 

Chinese traditional villages hold rich historical information and cultural 

landscape, the most prominent legacy of the Chinese farming civilisation. 

Traditional villages preserve a significant original historical evolution of the 

architectural environment, style and features and unique folk customs that have 

not changed significantly; the villages remain serving people’s needs [1]. 

Traditional village buildings are distinct from ancient buildings despite their long 

history. Ancient buildings pertain to the past, whilst traditional village buildings 

pertain to the present. All the buildings are occupied, constantly repaired and 

updated. Traditional villages are "cultural protection units" and the most basic 

units of production, life, social composition, and rural communities. With 

urbanisation, urban expansion, industrial development, and the new and enhanced 

lifestyle of urban centres, increasing numbers of farmers, particularly the younger 

generation, are drawn to work in cities, and many residents, particularly the 

labour force moved to cities. Most villagers working in cities for an extended 

period have even settled there. These factors contributed to the emptiness of 

villages. Since most traditional villages are situated in areas with inconvenient 

transportation and a lagging economy compared to other villages, traditional 

villages suffer a more severe hollowing crisis. Should traditional villages reach a 

particular level of hollowness, they will cease to be traditional [1, 2]. 

Chinese traditional villages have a long history with rich tangible and intangible 

cultural heritage protected by the government. The traditional village, unlike other 

heritages, is a living heritage. Villagers are the guardians and custodians of this 

living heritage. As a result, if traditional villages become hollow, their tangible and 

intangible cultural heritage will be threatened, and village protection and 

inheritance will be challenging. Most traditional villages in China are located in 

remote areas, lacking public service facilities and modern service facilities [3]. In 

2017, China introduced the rural revitalisation strategy [4], which aims to improve 

the quality of life for rural populations. Enhancing public service facilities is one 

of the prerequisites for a liveable existence. Therefore, public service facilities have 

become one of the primary components of rural development and revitalisation 

planning and building. The location selection of public service facilities in a village 

is crucial. A smart site selection can attract more villagers to utilise the facilities, 

increasing the number of villagers it serves, and enhancing the utilisation ratio, 

resulting in greater user satisfaction.  

With the growth of the social economy and the enhancement of people's living 

standards, the need for public spaces among villagers has increased. In rural 

revitalisation and development in China, cultural activity centres and other public 

service facilities are planned and constructed in the villages to improve villagers' 

quality of life and happiness. These public facilities serve the local villagers as 

the main service objects. Cultural activity centres include complete public 

cultural facilities incorporating cultural promotion, party member education, 

scientific popularisation, legal education, physical fitness, and other services. The 

cultural activity centre is a facility for the provision of public services. Building 

the cultural activity centre aims to support the villagers effectively, enrich their 

lives, and enhance their satisfaction [5]. Therefore, the site selection for the 

cultural activity centre in the village is crucial. A good site selection can attract 
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more villagers to use it, maximise the number of villagers it serves, improve the 

utilisation rate, enhance the villagers' sense of gain and happiness, retain more 

villagers, avoid excessive hollowness, and better protect traditional villages and 

inherit traditional culture. 

1.2. Shengtang village and its public facilities 

Shengtang Village, located on China's Weizhou Island, was established over 150 

years ago. It was designated a Chinese national traditional village in 2019 and 

became a government-protected Chinese traditional village [6]. Before construction, 

there was neither a public space nor reserved land. There are approximately 380 

households and more than 1400 people in Shengtang Village [7]; there is a market, 

primary school, church square, health room, village committee, and other essential 

public service facilities. However, no cultural activity centre exists as villagers 

increasingly emphasise the accessibility of public service facilities, such as 

educational, medical, and entertainment facilities [8]. According to a field survey 

of 252 households, 85% want public facilities, and 70% believe cultural activity 

centres are urgently needed. 

The Cultural Activities Center was planned to be built in 2021 as part of rural 

revitalisation and development planning. Travel was restricted, especially during 

the outbreak. The suitable location of public service facilities will provide local 

residents with leisure and other activities during an epidemic. Abass et al. [9] 

suggested good public service facility locations in Australian suburbs improved 

residents' satisfaction. As Chinese traditional villages are often in remote areas, the 

placement of public service facilities should be more scientific and reasonable. This 

is because the distribution of public service facilities in remote areas differs from 

that in cities, where they are more scattered. Villages have public facilities which 

only serve the residents who live there. It is difficult for villagers to share facilities 

outside the village, except for the public facilities [10]. As such, a good location 

selection for public facilities can offer traditional village residents a sense of 

belonging and make them happier and want to stay in the village. 

1.3. Dijkstra algorithm and its application in the optimal location 

The Dijkstra algorithm is one of the best and most well-known techniques for 

locating the shortest path in a network with positive weights. This algorithm, 

developed by Dutch scientist Edsger Dijkstra and published in 1959, was initially 

used to find the shortest path from a starting point to a destination in a graph 

network [11]. Dijkstra algorithm, a typical shortest path algorithm, searches for 

the shortest path from the source point to the other points in a weighted network 

graph [12]. It determines the ideal location for facilities and services such as 

urban fire stations, emergencies, and schools [13-15]. The Dijkstra algorithm is 

often employed to resolve the shortest path problem in not-so-large-scale maps 

such as town or regional scale [16]. The traditional village is one of China's most 

fundamental administrative entities, and site selection for the cultural activity 

centre falls within Dijkstra's sphere of expertise. A reasonable site becomes 

increasingly critical and essential to increase the number of people serviced by 

public service facilities in traditional villages and to improve villagers' 

perceptions of gain and satisfaction. The location of public service facilities in 

traditional villages influences the extent of villagers' willingness to go and the 
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utilisation rate of facilities. Therefore, Dijkstra's shortest path labelling method 

can determine the ideal location of public service facilities in traditional villages, 

making them an attraction that locals are interested in and eager to visit. Public 

service facilities can play a more beneficial function and become a requirement 

in villagers' daily lives. 

People use maps to search for a route from a starting point to a destination point, 

and the result typically recommends the "shortest way" [16] due to the development 

of technology and the proliferation of the internet. The Dijkstra algorithm can be 

included in urban planning and design software as a set of tools to assist planners 

and designers in locating a scientific and ideal location for public service facilities 

and infrastructure. Using the Internet of Things and a mobile app, villagers can 

check the number of people served by public service facilities at any time and make 

good plans and arrangements for the use of public service facilities, thereby 

improving the utilisation rate of facilities and the satisfaction of villagers. It assists 

in the smart development of villages and encourages locals to continue living in 

traditional villages to prevent hollowing. 

2. Methodology 

Dijkstra's shortest path labelling method is a method to search for the shortest path 

in the weighted map. To use this method to find the ideal location of the cultural 

activity centre, it is necessary to convert Shengtang Village into a weighted map. 

The ideal location is intended to increase the number of locals who visit the cultural 

activity centre. After optimal location searches using Dijkstra's shortest path 

labelling approach, it is thus essential to evaluate the travel intention of the location. 

The specific steps are as follows. 

2.1.  Steps to form the weighed graph 

The planned construction of a cultural activity centre in Shengtang Village will be 

responsible for cultural publicity, party member education, science popularisation, 

and law popularisation. It will also be an important venue for meetings, leisure 

sports, cultural reading, and other village activities. Villagers may visit cultural 

activity centres after dinner or when they are free to engage in recreational activities; 

it becomes an essential place for the daily activities of villagers. To determine the 

ideal site selection for the cultural activity centre in Shengtang Village, it is 

necessary to convert Shengtang Village into a weighed map using the Dijkstra 

labelling method's calculation criteria [17-19]. The following two steps are used to 

transform it into a weighting chart. 

(1) In Shengtang Village, the cultural activity centre is a service station; the 

villagers are the service objects. Roads connect the service objects to the 

service station. At the moment, most villages are made up of courtyard-style 

and group dwellings, so it is possible to represent a courtyard or a group living 

unit as a point (as shown in Fig. 1). The service station (the cultural activity 

centre, Li) and the service object (the residential courtyard, Vj) are both shown 

as points. A line represents the road between the service object and the service 

station. As shown in Fig. 2, connecting the points and lines makes a network-

weighted diagram [20]. The number of people who live in each residential 

yard is marked on the top or bottom of the vertex Vj, and the same is true for 

the unit in person.  
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(2) As illustrated in Fig. 2, the line length between the connection sites varies. 

The distance (dij) between each point is measured in metres because the 

service object typically walks to the service station. The data shown on each 

line in Fig. 2 represents the distance between two connection locations as 

determined by topographic mapping and measurement. 

 

Fig. 1. Division of Shengtang Village  

courtyard-style and group-style dwellings units. 

 

Fig. 2. Weighted network of Shengtang Village. 

2.2. Steps to calculate the optimal location  

The identification standards of Chinese national traditional villages stipulate that 

the existing buildings in traditional villages must have a certain degree of 

permanence, that the level of cultural relics protection units must meet the standards, 

and that the scale of traditional buildings and existing traditional building groups 

must have distinctive characteristics.  
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Traditional villages preserve their original characteristics in terms of site 

selection and design [1]. Therefore, the planning and construction of cultural 

activity centres in existing traditional villages cannot disrupt the original planned 

layout or demolish traditional buildings, and site selection is constrained. In 

addition, developing the cultural activity centre requires a specific site and transport 

accessibility. Shengtang Village's cultural activity centre is a venue and facility 

with multiple functions. According to estimates and guidelines for developing 

cultural activity centres, the per-person activity area must be greater than 1 square 

metre. Then, a Shengtang village site must be at least 1,400 m2 [5]. Therefore, site 

selection is limited in the constructed villages. L1, L2, L3, and L4 are potential sites 

for the proposed building of the cultural activity centre in the context of the current 

situation in Shengtang Village (as shown in Fig. 2). The calculation steps of the 

Dijkstra shortest path labelling method must be defined in order to determine how 

to select the ideal location among the four possible location locations. 

(1) Criteria for optimal location 

What is the optimal site selection? In other words, this is the criterion for 

calculation. The criterion for finding the ideal location of service stations, 

using the Dijkstra shortest distance labelling method, is where the maximum 

distance between service stations and service objects is the least [19]. 

(2) Calculation 

Utilise the guidelines for calculations in the Dijkstra shortest distance 

labelling method. First, consider the distance matrix D according to Fig. 1. 

The element dij of the matrix is the shortest distance between the ith service 

station and the jth service object. From this, the distance matrix D can be 

found. Then, calculate the maximum Max(dij) in each row of elements in 

matrix D. Finally, the Min (Maxdij) can be obtained, and the corresponding i 

is the ideal location. 

(3) Statistics of the number of people served at the service point 

It is challenging to retain communities in traditional villages. The youths may 

leave their rural village if it cannot provide a comfortable lifestyle. 

Consequently, hollow are particularly serious in some villages. Young adults 

have left the elderly and children at home to seek employment in the cities [2]. 

Due to hollowing, many youths have left the village to find employment or do 

business. This resulted in the elderly and children living in the village for an 

extended time as permanent inhabitants, now the literal villagers. 

Consequently, the number of individuals serviced by the Shengtang Village 

Cultural Activity Center is based on the number of permanent residents. Pj is 

the service population of Vj at each vertex, as shown in Fig. 2. 

(4) Evaluation of travel intention to the public service 

As a destination-based measurement method of pedestrian travel intention to 

the public service, travel intention can test the willingness of residents to 

travel on foot. It can scientifically and effectively reflect the reasonable degree 

of public service facility location and the possibility of residents using public 

service facilities. The utilisation rate of public service facilities and the 

number of people served by public facilities are affected by the distance or 

walking time between residents and the service facilities [21]. According to 

Wang et al. [22] and Tang [23], research on the walking accessibility 

measurement of public service facilities and open spaces serving residents in 
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cities revealed that residents are most willing to walk in under 5 minutes, more 

willing to walk between 5-10 minutes, willing to walk within 10-15 minutes, 

reluctant to walk for 15-30 minutes, and unwilling to walk for more than 30 

minutes. Therefore, the walking time is weighted, as shown in Table 1. The 

total travel intention to the site selection of public service was calculated using 

Si=Σ PjAi/Σ Pj, where Ai is the weight corresponding to the walking time from 

the vertex Vj to the cultural activity centre. To simplify the calculation, 

walking time is converted into the walking distance to determine the 

corresponding weight. (as shown in Table 1). 

Table 1. Weight of pedestrian travel intention. 

Walking time Ti

（minute） 

Walking distance 

dij（meter） 

Weight 

(Ai) 

Ti≤5 dij≤300 1.0 

5＜Ti≤10 300＜dij≤500 0.8 

10＜Ti≤15 500＜dij≤1000 0.6 

15＜Ti≤30 1000＜dij≤2000 0.4 

Ti＞30 2000＜dij 0.2 

3. Results and Discussion 

3.1.  Results 

According to the calculation rule of the Dijkstra algorithm, dij is the shortest 

distance from the ith location point to the jth service point. The distance matrix D 

was calculated according to Fig. 2. Maxdij was calculated for the distance matrix D 

(as shown in Fig. 3). The results are Maxd1,j=Maxd1,18=552, Maxd2,j=Maxd2,1=484, 

Maxd3,j=Maxd3,1=556, Maxd4,j=Maxd4,1=772. Following that determine 

Min(Maxdij)=484, and the corresponding location L2 is optimal. 

 
Fig. 3. Distance matrix D of Shengtang Village. 

According to the actual distance, referring to the weight in Table 1 and the 

number of people shown in Fig. 2, the corresponding travel intention weight is 

obtained as shown in Table 2. The corresponding values were substituted into the 

formula Si=Σ PjAi/Σ Pj. Thus S1=(63×0.8+50×0.8+…+55×1)/(63+50+…+55), 

S1=……  . Then, the outcomes of the calculations are S1=0.87, S2=0.95, S3=0.89, 

S4=0.85, and MaxSi = S2=0.95. Si is the arithmetic mean value of the travel intention 

of location i, representing the overall satisfaction and travel intention of the location 

site [24]. The higher value of travel intention, the higher the utilisation rate of the 

Village Cultural Activity Center in the future. Therefore it can be concluded that 

the corresponding location L2 is optimal. 
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Table 2. Weight of pedestrian travel intention in Shengtang village. 

Vertex

（Vi） 

Number of 

population 

(Pj) 

di,1: 

Distance 

from Vi 

to L1 
（meter） 

weight

（Ai） 

di,2: 

Distance 

from Vi 

to L2 

（meter） 

weight

（Ai） 

di,3: 

Distance 

from Vi 

to L3 
（meter） 

weight

（Ai） 

di,4: 

Distance 

from Vi to 

L4 
（meter） 

weight

（Ai） 

V1 63 382 0.8 484 0.8 556 0.6 722 0.6 

V2 50  351 0.8 453 0.8 525 0.6 691 0.6 

V3 59  216 1 318 0.8 470 0.8 556 0.6 

V4 71  128 1 230 1 399 0.8 467 0.8 

V5 42  18 1 272 1 452 0.8 453 0.8 

V6 50  102 1 238 1 389 0.8 369 0.8 

V7 55  191 1 149 1 300 1 280 1 

V8 50  412 0.8 300 1 451 0.8 431 0.8 

V9 38  285 1 173 1 324 0.8 304 0.8 

V10 55  266 1 154 1 257 1 205 1 

V11 34  347 0.8 199 1 274 1 196 1 

V12 38  407 0.8 259 1 334 0.8 221 1 

V13 29  470 0.8 322 0.8 397 0.8 284 1 

V14 50  480 0.8 332 0.8 407 0.8 148 1 

V15 42  483 0.8 335 0.8 410 0.8 74 1 

V16 46  351 0.8 203 1 278 1 120 1 

V17 88  456 0.8 228 1 239 1 94 1 

V18 63  552 0.6 295 1 143 1 190 1 

V19 50  436 0.8 186 1 34 1 299 1 

V20 38  395 0.8 189 1 99 1 303 0.8 

V21 46  339 0.8 133 1 154 1 247 1 

V22 34  313 0.8 23 1 197 1 300 1 

V23 29  368 0.8 78 1 142 1 355 0.8 

V24 38  377 0.8 127 1 93 1 358 0.8 

V25 34  303 0.8 177 1 167 1 432 0.8 

V26 50  251 1 125 1 219 1 448 0.8 

V27 50  176 1 114 1 294 1 388 0.8 

V28 67  251 1 192 1 276 1 515 0.6 

V29 55  291 1 311 0.8 395 0.8 631 0.6 

3.2.  Discussion 

As the criterion for determining ideal locations, the traditional Dijkstra algorithm 

minimises the maximum service distance. This optimal location must also satisfy 

the requirements that public service facilities radiate to all service objects while 

minimising the distance between the farthest service object and the service station. 

However, in reality, there may be a small number of service objects with the 

shortest service distance and a large number of service objects with the longest 

service distance. While disregarding the number of people and their travel 

intentions at the service point may result in a low utilisation rate after implementing 

public service facilities. To avoid this circumstance, it is vital to consider the 

demographic and travel intentions of the service point's residents, which will 

further analyse the site selection's rationality. 

The weight of travel intent and the number of service points per population 

provide further quantitative evaluation of the location selection's rationale. This 

location is optimal if the optimal location determined using the standard Dijkstra 

method is also the location with the highest travel intent. However, not all of the 
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optimal sites obtained by the conventional Dijkstra algorithm can obtain the 

maximum travel intent. The conditions can be divided into the following categories.  

• If the ideal location determined by the Dijkstra algorithm is within a 5-minute 

walking distance (the service radius of public service facilities is within 300 

metres) and the resident's willingness to travel is 100%, this location will 

undoubtedly be the optimal location.  

• If the optimal location determined by the Dijkstra algorithm is within the range 

of walking for more than 5 minutes (the service radius of public service 

facilities is more than 300 meters), it is necessary to use Si =Σ Pj * Ai/Σ Pj to 

evaluate their travel intention. If the travel intention is higher than two-thirds 

(67%), it can be considered the ideal location. If their satisfaction is lower than 

two-thirds (67%), the ideal location determined by traditional Dijkstra is not 

the distance people are willing to travel. This ideal location needs to be 

reconsidered. Hence if the traditional Dijkstra algorithm is used to determine 

the ideal location, the travel intent is less than two-thirds (67%) of the 

population. After the development and full operation of all public service 

facilities at the location, it is unlikely that inhabitants will be willing to move 

there. It will result in a relatively low rate of utilisation, which wastes resources 

and falls short of the original intent and expectations of the construction goal. 

4. Conclusion and Recommendation 

Based on the calculation results, the optimal location of Shengtang Village Cultural 

Activity Center is L2. This location is the optimal location of the traditional Dijkstra 

algorithm with the highest travel intention. The location of this site encourages 

villagers to visit, and the utilisation rate will be relatively high, allowing the cultural 

activity centre to serve the entire community and make villagers happy. In urban and 

rural planning and construction, particularly the planning and construction of new 

areas, the location of public service facilities should consider not only the coverage 

of service facilities but also the willingness of residents to travel to achieve a higher 

facility utilisation rate and increase resident satisfaction with public service facilities. 

The Dijkstra shortest distance labelling method can be combined with the travel 

intention evaluation to find the optimal location of such public service facilities, 

and other facilities can also be used. This method can be compiled into a small 

program and embedded into the design software, which will help improve the 

rationality of planning and design and the efficiency of planning designers. In the 

real world, the location may be affected by distance and time and other factors such 

as traffic patterns and people's lifestyles. This means that the method of location 

will need to be improved. 

In developing smart villages, public service facilities such as cultural activity centres 

can integrate Internet of Things technology to display the number of users in the cultural 

activity centre in real-time to minimise long queues caused by many people visiting 

simultaneously. It can not only improve utilisation but also improve satisfaction. 
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Nomenclatures 
 

Ai Weight corresponding to the walking time from the vertex Vj to Li 

dij Distance between each point 

Li Service station 

Pj Service population of Vj  

Si Total travel intention to the site selection of public service 

Vj Service object 
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