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Abstract: The off-hours delivery has been promoted as a mean to alleviate the traffic congestion and emission. 

However, such strategy can cause noise pollution to the residents who are close to the roads. To reduce such 

noise impact and transport costs simultaneously, this work intends to develop an algorithm to plan a route 

for delivery trucks to avoid the noise sensitive areas as much as possible while reduce transport costs. By 

considering the characteristics of land use, an algorithm to determine the noise vulnerability degree for each 

road link is developed in this paper. With the network associated with noise vulnerability degree and 

transport costs for each link, the routing problem is formulated as a bi-objective optimization problem, which 

can be easily solved by conventional approaches. Finally, to demonstrate the capability of the proposed 

algorithm, a simple delivery scenario has been taken and the comparison to the optimal route generated with 

single objective are made. 
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1. Introduction 

With the rapid development of e-commerce, freight transport is expected to grow in the coming years at a 

faster rate than ever before [1]. This implies that the current worrisome traffic situation in urban areas could 

be further deteriorated as urban trucking during peak hours largely contributes to the traffic congestion. To 

remedy this issue, the reduction of freight vehicle trips during peak hours has been a common policy goal 

with the rapid development of logistics industry in recent years [2]. The off-hours delivery (OHD) strategy 

has been extensively investigated from various aspects based on a number of pilot projects in a number of 

cites [3], [4]. With the success of the pilot projects, it is evident that the OHD strategy can greatly result in a 

reduction in traffic congestion and emission [4]. Furthermore, the number of trips can be reduced if the 

consolidation strategy is implemented simultaneously with the assistance of large-size trucks during off-

hours [5]. However, it should be aware that noise nuisance may arise from OHD if trucks travel around noise-

sensitive areas, such as hospitals or residential communities.  

In recent years, noise pollution has become one of the major factors affecting the quality of life in urban 

areas worldwide [6]-[8]. Excessive exposure to noise pollution not only seriously affects stress-related mental 

health, but also increases the risk of diseases such as ischemic heart disease as well as sleep disturbance, 

cognitive impairment among children, annoyance, and tinnitus [9]-[12]. In addition, continuous complaints 

on noise have been made in recent years. According to China Environmental Noise Prevention and control 

Annual Report, the country received a total of 520,000 environmental noise complaints, accounting for 43.9% 
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of the total environmental complaints in 2016 [13]. In recent years, traffic noise is becoming one of the most 

prominent source of noise pollution in urban areas with the rapid growth of the vehicle ownerships. 

Consequently, the control of traffic noise has become a critical issue.  

Many studies have investigated the traffic noise mitigation methods, with a particular focus on noise 

assessment [14], [15], traffic noise model [16], and noise mapping [17], [18]. However, the spatial distribution 

of noise pollution in urban areas is related to various factors, such as the building density, the shape and 

physical position of buildings, the type of channel and the distribution of the population, etc. [19]. In order to 

guarantee the quality of sound environment for the daily life of urban residents, the Standard of 

Environmental Noise of Urban Area (GB3096-2008) was issued in 2008. The regulatory standards were 

formed by dividing an urban area into a number of noise control zones and each has a designated noise limit 

which was developed based on the function characteristics of land use and the environmental quality 

requirements [20].  

 

 

Table 1. Noise Limits for the Classified Areas in China dB(A) 

Zone classification Description Daytime Nighttime 

Class 0 Particularly protected areas 50 40 

Class 1 Residential area 55 45 

Class 2 Mixed area 60 50 

Class 3 Industrial area 65 55 

Class 4 
a Both sides of road traffic area 70 55 

b Both sides of railway area 70 60 

 

 

Fig. 1. The qualification rates of different noise control zones. 
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Table 1 lists the upper thresholds of environmental noise for different zones. It can be seen that the noise 

control standards during the day and night are different, and the maximum noise limit for a zone at night is 

lower than that in the daytime. Fig. 1 shows the rates that the noise intensity levels collected from 319 cities 

during 2016 are below the noise limits presented in Table 1 [13]. Obviously, the qualification rate for the class 

4a (i.e., the areas next to the road sides) during the nighttime is the lowest, indicating traffic noise pollution 

is still serious. This implies that the shift to OHD can aggravate the noise pollution for areas close to the road 

sides due to the fact that the noise produced by a truck is much larger than a passenger car in general. Using 

light vehicles or other vehicular technology is one way to reduce the generated noise intensity level. However, 

the work, as part of our ongoing project, presented in this paper seeks a different way to reduce the noise 

nuisance by managing the delivery routes. From the perspective of social benefit and operator costs, this 

paper aims to develop an algorithm to plan a route for delivery trucks to avoid the noise sensitive areas as 

much as possible and reduce transport costs simultaneously.



This paper is structured as follows: the next section describes the detail of the optimal routing algorithm 

with the noise and the transport costs reduction objectives. In Section 3, scenario is presented for a location 

in Beijing, as a typical example to demonstrate the feasibility of the routing algorithm. Section 4 discusses the 

experimental results and then concludes the paper. 

2. Problem Description and Model Formulation  

This study proposes a method for the shippers to determine the delivery routes in the nighttime with the 

consideration of the social environmental benefits and operator benefits. The algorithm proposed in this 

paper aims to mitigate noise impact and reduce transport costs simultaneously. By dividing the types of street 

buildings, giving each land type different weighting coefficients of noise sensitive in night, and getting the 

length of each type of land, the effect of noise caused by trucks passing through a road link can be estimated 

through the algorithm which presented in the following section. In addition, from the perspective of operator, 

the transport costs include labor cost (working hours), fuel consumption, vehicle maintenance and other 

expenses. Labor cost and fuel consumption are the two major factors related to transport costs that should 

be considered by shippers when making route selection. 

 The Framework of the Proposed Algorithm 

As shown in Fig. 2, the optimization algorithm for managing the delivery route proposed to reduce noise 

nuisance and control transport costs includes the following steps. First of all, the classification for the noise 

control zones from the Standard of Environmental Noise of Urban Area is quite general which no classification 

of street buildings separately. Hence, the acoustic environment function area of street buildings is first 

divided into more detailed categories in this paper, based on their sensitivity to nighttime noise. Then, the 

weight of each area is determined through questionnaire method. Furthermore, the transport costs and the 

noise vulnerability of each road segment are estimated by the model proposed in this paper, through 

estimation of the length of different noise control zones on either side of each segment. Finally, the Dijkstra 

algorithm is used to determine the optimal route according to different objectives. 

 

 
Fig. 2. The procedure to determine an optimal route with multiple objectives. 

 

 Methodology 

2.2.1. Classification of street buildings 

It should be aware that the zones of class 0~3 in in China Environmental Noise Prevention and control 

Annual Report are not specific to the areas along roadsides. However, the relative vulnerability of noise can 
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be used for reference to determine the classification for street buildings. As shown in Table 2, in order to 

study the sensitivity of different types of street buildings to night noise, a more detailed classification of street 

buildings has been made based on the noise limits of various noise control zones of the Standard of 

Environmental Noise of Urban Area (GB3096-2008). They are divided into 7 types according to their 

sensitivity to night noise. Class1 is the areas that especially needed for quiet at night, such as sanatorium, 

hospital, senior hotel, etc. Class 2 and class 3 are the areas where a quiet environment is needed at night, such 

as residence, school, scientific research area, and office district. Class 4 is a mixed area that contains 

residential, commercial, industrial, etc. Class 5 is the area where the commercial area accounts for more than 

70%. Class 6 is the area where the industrial area accounts for more than 70%. Class 7 is the area that is 

rarely affected by noise at night, such as parks, green spaces, squares and other areas that are basically 

unmanned at night. 

 

Table 2. Classification of Street Buildings Based on Noise Sensitivity 

Zone classification Description 

Class 1 hospital, sanatorium, senior hotel 

Class 2 residence, 

Class 3 school, scientific research area, office district 

Class 4 the mixed areas 

Class 5 commercial area 

Class 6 industrial area 

Class 7 parks, green spaces, squares 

 
2.2.2. Weight coefficient 

Instead of using the decibel limits listed in Table 1 for each classified zone, a questionnaire survey was 

conducted in order to get more objective weight coefficient. The respondents included those with different 

sex, age, occupation, etc., but the relationship between personal characteristics and noise sensitivity is not 

discussed in this paper. 

The most important part of the questionnaire was that respondents scored different noise zones using the 

10-point Likert scale to assess the sensitivity of each type of noise zones to noise in night, so as to determine 

the final weight coefficient. Relevant research shows that when the content of the topic in the questionnaire 

needs to obtain more accurate data, it can be controlled by means of the rank of the Likert scale. The more 

the magnitude, the more accurate the survey results, but the survey results will be further “high scores”. This 

bias can be eliminated by reversing the order of scores [21]. Hence, the questionnaire of this paper, the score 

is also in the reverse order. 

 
Table 3. The Results of Cronbach Reliability and Validity Analysis 

Class CITC The α that has been deleted Cronbach α KMO 

Class1 0.574 0.756  
 
 

0.791 

 
 
 

0.740 

Class 2 0.439 0.779 

Class 3 0.582 0.752 

Class4 0.625 0.746 

Class 5 0.571 0.755 

Class 6 0.424 0.782 

Class 7 0.468 0.781 

 
The results of the investigation show that a total of 214 people conducted the survey, including 193 valid 

questionnaires and 21 invalid questionnaires. The reliability and validity test results of the questionnaire are 

shown in Table 3. The CITC is the corrected item-total correlation. The Cronbach α is a statistic, which refers 
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to the average value of the half-confidence coefficient obtained by all possible item partitioning methods of 

the scale, it’s the most commonly used reliability measurement method. The KMO is used to compare simple 

correlation coefficient and partial correlation coefficient between variables. According to the above analysis, 

the results of the questionnaire survey have good credibility, and then the average scores of each class are 

obtained, the final weight is obtained and the results are shown in Table 4. 

 

Table 4. The Weight of Each Class 
Class 1 2 3 4 5 6 7 

Weight 0.23 0.19 0.17 0.14 0.11 0.09 0.07 

 
2.2.3. Determination of the noise vulnerability for a road link 

When the impact of vehicle noise is considered from the origin to the destination, the noise vulnerability 

for a road link is determined as follows: firstly, the length of each class noise control zone on the both sides 

of the road link is obtained which can be measured via the road network. Secondly, the noise vulnerability for 

the road link is estimated by aggregating each zone length with the weights of zones, as shown in (1). 
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=
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where, iN  is the noise vulnerability of road link i  , ikl  is the zone length of class k  of road link i  , kw  is the 

weight coefficient of class k of road link i which is given in Section 2.2.2. 

2.2.4. Estimate the transport costs of each road segment 

The transport costs considered in this paper mainly have the following two aspects: labor cost (working 

hours) and fuel consumption. To simplify the calculation, travel time and route length are used to estimate 

the approximate monetary value of working hours and fuel consumption, respectively. As shown in (2), the 

cost of working time is a function of travel time which can be obtained by dividing the route length over free 

flow speed which is generally true due to light traffic during nighttime. In this paper, we used the speed limit 

to present the free flow speed. Formula (3) and (4) show the calculation of fuel cost and total transport costs.  

 

/ *T i i iM L v =                                    (2) 

 

* *Li iM L  =                                         (3) 

 

i T i LiM M M= +                                       (4) 

 

where, T iM  is the cost of travel time when the vehicle passes through link i . iL  is the length of road link

i . iv is the upper speed limit of road link i .  is the conversion coefficient of time, which is equal to the local 

hourly wage level. According to the latest announcement of the minimum wage standard for Beijing in 2018, 

the salary standard for full time and part time workers is taken into account,   119 RMB yuanhhour is 

adopted in this paper. LiM  is the cost of fuel consumption when the vehicle passes through link i .   is the 

conversion coefficient of route length, and its value depends on the fuel consumption per hundred kilometers 

of the truck. Based on previous studies: compliance with GBhT 12534-1990, the 40 diesel trucks required by 

the General Rules of Automobile Road Test Method for the preparation of sample vehicles are tested, the rated 
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power is 50~368 kw, the displacement is 1.5~13.0 L, the test quality is 2.17~49.00 t, the test vehicle is fully 

loaded, and the fuel consumption results are 7.17~36.52 Lh100km [22]. This paper takes the average value 

of test result,  122Lh 100 km in this paper. is the price of diesel oil and it's not constant, oil prices vary in 

different regions and at different times. This paper takes the oil value 16.95 RMB yuanh L in this paper.  

2.2.5. Optimal path selection 
There are many algorithms for choosing the optimal path, such as Dijkstra, Floyd, etc. It has been widely 

recognized that the Dijkstra’s algorithm is one of the most efficient algorithms that can guarantee to find a 

global shortest route when all the weights are non-negative [23], [24]. Therefore, we have adopted the 

Dijkstra’s algorithm in the current work in order to find the optimal routes with the objectives to reduce noise 

nuisance and transport costs. 

3. Case Study 

 Delivery Scenario 

To demonstrate the algorithm proposed for the truck routing at night, a simple scenario of Beijing has been 

considered in this work. The delivery task starts from the Yuegezhuang vegetable wholesale market to the 

Wu Mart Supermarket in Focus place, which are labeled as “O” and “D” in Fig. 3, respectively. The road 

network has been extracted to exclude any routes which can result in a significant detour. Figure 4 illustrates 

the extracted network with 92 links in total. Various types of roads, e.g., expressways, arterial roads, branch 

roads, etc., are included in the road network, while the seven noise control zones, i.e., particularly protected 

areas, residential, mixed area, etc., are along the roads in the network. 

 

 
Fig. 3. The location of study area. 

 
Fig. 4. Road network of study area.

 

 Result and Discussion 

3.2.1. The results of path selection considering single factor  

To demonstrate the routing algorithm which can reduce noise nuisance, the minimum cost of fuel 

consumption and time are also taken as the respective objective to find an optimal path by the Dijkstra’s 

algorithm. Fig. 5 (a)-(b) show the optimal paths (marked using arrows) for the objective to minimize 

transport costs and noise nuisance for the same network with each link associated with the transport costs 

and the noise vulnerability degree, respectively. Note that the transport costs for a route is obtained simply 

by summing the link transport costs, the noise vulnerability degree is determined by the algorithm presented 

in 2.2. 

Obviously, the optimal paths are different for the respective objectives, although both transport costs and 

noise nuisance take account of route length. With the aim to reduce transport costs, the roads with high speed 
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and short length tend to be chosen. Similarly, the route obtained with least noise impact avoids the noise-

sensitive areas, such as hospitals or residential communities, as much as possible. 

 

 
     (a) Based on transport costs             (b) Based on noise nuisance 

Fig. 5. The optimal route for the OD with the different objectives. 

 

3.2.2. The results of path selection considering two factors 

In the actual night delivery process, it should consider how to reduce not only noise nuisance, but also the 

cost of operators. Therefore, it is very important to choose a delivery route which can reduce noise nuisance 

and transport costs. Fig. 6 show the optimal paths consider both transport costs and noise nuisance 

simultaneous. 

 

 
Fig. 6. The optimal route for the OD under double objectives. 

 

4. Conclusion 

This paper describes our work on the ongoing project aiming to reduce the noise nuisance to the local 

residents generated by the delivery trucks during nighttime while minimizing transport costs. Firstly, the 

acoustic environmental functional areas are classified more carefully, and their weights are determined by 

questionnaire survey. Then, an algorithm has been proposed to determine the noise vulnerability degree for 

each road link by assessing the potential areas influenced by the traffic noise for each type of noise control 

zones along the roadsides. With the formulation of the objective, the Dijkstra’s algorithm is adopted to 

generate the best route under the objective. Finally, a simple delivery scenario is taken to demonstrate the 

capability of the proposed algorithm to effectively reduce the noise nuisance and transport costs with the 

comparison to the other routes obtained with the minimum noise nuisance, travel time and distance, 

respectively. Although the scenario exemplified in this study is simple, it is appropriate to explain the 
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fundamental principle of the algorithm proposed in this paper. 

However, the current work ignores the followings: the road noise level resulted from other trucks are not 

considered at the moment; a more realistic delivery task with more stops for a trip (which can be modelled 

as a travelling salesman problem) should be considered; different types of trucks may have different impact 

of noise. In addition to those research tasks, the future work will be also taking into account the distance from 

the street building to the road, the number of residents in the street building and the sensitivity of residents 

to noise at different time periods. 
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