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Abstract: In highways engineering, finding the optimal path for a new road to join two-end points is a major challenge. 

This is due to presence of many complex and interrelated factors that should be taken in consideration beside a good 

balance between cost and geometric criteria. Many researches used models to optimize that problem and different 

algorithms to help designers to find the most economic and efficient path. Most of these models focus on either horizontal 

or vertical alignments resulting in a sub-optimal solution to the problem. In this paper, optimization of a new road path 

joining two end- points using heuristic techniques was studied. A* Algorithm which is considered one of optimization 

heuristic techniques, was used to write a programmed python script to find the target optimal path joining two end- points 

taking into consideration both design criteria and cost. The practical manual designed road of Toshka – El Oweinat was 

used as a case study to verify using of A* Algorithm in optimization of new roads path joining two end- points. By 

applying the model on the practical constructed road, It was found that the A* algorithm gives results with total cost less 

than the manual solution by about 2%. 
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1. INTRODUCTION 

Technology has helped us in all engineering fields including 

methods of design, problems optimization, and even maps. 

When you request a road from one point (starting point) to 

another (destination point), the result is usually the "shortest 

path" from starting point to destination point, [1]. One of the 

main challenges facing planners and designers prior to road 

construction is developing a model for optimizing a new 

road's path. These models must be applied, which calls for 

the formulation of all necessary road construction costs, the 

modification of appropriate, usable algorithms, and the 

efficient use of geographic data. The manual solution by 

planning process is too slow, laborious, time-consuming, and 

expensive for relatively large-scale areas to solve this kind 

of problems. These solutions to these issues don't promise to 

be the best ones. Furthermore, it is nearly impossible to 

compare and analyze several potential plans created using 

manual techniques in an efficient manner, [2] . 

This complexity of choosing a path for a new road alignment 

connecting two given endpoints   comes from the variety of 

complex and interrelated factors that the process depending 

on. Soil conditions, topography, environment and 

socioeconomic factors are important. The planner needs to 

meet all these factors in addition to satisfying a set of 

operational and design constraints. Traditional highway 

design necessitates experienced engineers to repeatedly 

evaluate various alternatives in order to identify the most 

promising one due to the complexity of the problem. Since 

there are countless options for connecting two highway end 

points, a manual design may produce a merely adequate 

result rather than a close to ideal one. The number of 

mathematical models for improving road alignments is 

excessive. The goal of the shortest path problem is to identify 

the shortest path or distance between vertices in a graph, in 

this case, a road network. An object in mathematics called a 

graph is made up of sets of vertices and edges, [3]. Finding 

the quickest route from one place to another is what is known 

as the shortest path problem. This problem is defined as 

finding the shortest (lowest-cost) route between two nodes 

[4] and [5]. In a graph with vertices connected by edges and 
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each edge having a value or cost, the problem is to find the 

lowest cost path between two vertices, [6]. On the other 

hand, according to distribution process which is one of the 

marketing activities that helps producers send goods to 

customers. A producer serves a group of customers in an area 

during the distribution process. To meet each customer 

demand, a group of crews operates a group of vehicles 

located in a producer location known as a depot. In order to 

lower their overall operational transportation costs of 

distribution, the depot, as a producer, must identify an 

appropriate road network for the vehicles, [7]. Given an 

environment representation, there are various methods for 

computing paths. The most widely used methods are 

deterministic, heuristic-based algorithms [8] and [9] as well 

as randomized algorithms [10], [11], [12], and [13]. 

Because they offer limits on the quality of the solution path 

returned, deterministic algorithms are typically preferred 

when the dimension of the planning problem is low, for 

instance when the agent has few degrees of freedom [14]. 

[15] provided a description of a family of recently created 

heuristic - based path planning algorithms. The Dijkstra 

algorithm is a classic in the field of optimal path selection 

algorithms and calculates and selects the optimal path 

between nodes. The Dijkstra algorithm implemented and 

verified by experiments and practical applications, [16].  

A literature review of mobile robot navigation and 

alternative path planning techniques was uncovered by [17]. 

As a result, several methodologies for solving the mobile 

robot path planning problem were presented and 

implemented. There are two types of optimization strategies 

for mobile robots: non - deterministic or classical approaches 

and deterministic or heuristic approaches. Classical methods 

include the Dijkstra algorithm, artificial potential fields, 

probabilistic roadmaps, and cell decomposition. Heuristic 

methods include fuzzy logic, neutral networks, particle 

swarm optimization, cuckoo search optimization, genetic 

algorithms, and artificial bee colonies. Figure 1 illustrates 

how optimization techniques used by many researchers are 

generally organized. 

 
Fig 1: Selected optimization techniques used. 

 

 

As a limited number of researchers used A* Algorithm, 

which is a heuristic algorithm in the field of artificial 

intelligence, in planning of roads. The use of the A* 

algorithm to optimize a new road path between two definite 

ends were introduced through this paper and verified with a 

practical case study. 

  

2.A* Algorithm in path optimization 

In this paper, one of the most effective path optimizing 

algorithms for solving a new road path problem was used. 

The A* algorithm is a heuristic algorithm in the field of 

artificial intelligence algorithms. The consistent road 

network information and the information of the known target 

ends are first introduced as part of the A* algorithm's 

optimization. When the explored ends are chosen, the end 

information is immediately called. In order to choose the end 

that will follow the next path, the function is then used to 

calculate the separation distance between the chosen end 

points. The benefit of the A* algorithm is that it avoids 

traversing all ends by moving along the desired road (the 

target end that needs to be encountered) in accordance with 

the chosen heuristic function. 

A* algorithm works by a function that depends on the lowest 

cost path starting from a defined start point, going through 

other neighbor points to reach a final defined target point. 

What makes A* algorithm good at searching for optimum 

path solutions is that A* algorithm uses a function f(n) that 

calculate the total cost of total path estimation using that 

node. Then A* algorithm updates the total path cost while 

going throughout the points Therefore, A* algorithm uses a 

heuristic technique, which is a different technique than other 

path optimization algorithms. This technique makes A* 

algorithm gives better realistic solutions for path 

optimization problems and the basic formula of A* 

algorithm is expressed as: 

𝑓(𝑛) = 𝑔(𝑛) + ℎ(𝑛)                  (1) 

   Where: 

            f(n): is the total path cost for the node n. 

            g(n): is the cost from the previous point to point n.  

            h(n): roughly cost from point n to the final target 

point.(A heuristic part,   

                       so it is like a guess). 

The only distinction between the A* algorithm and Dijkstra's 

algorithm is that the former uses a heuristic function to try to 

find a better path while the latter priorities nodes that are 

thought to be superior to others and the steps of A* algorithm 

are as follows: 

.1- Set the starting point distance to be 0, and all other point 

distances to be infinity. 
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2- For each point, including the starting point, make a non-

visited node. 

3- The current node "C" should be the unvisited node with 

the shortest current distance. 

4- Add the current distance of "C" with the weight of the 

edge connecting "C" - "N" and the weight to the destination 

point (heuristic) for each neighbour "N" of your current 

node. Make it the new current distance of "N" if it is less than 

the current distance of "N." 

5- Indicate that node "C" is currently visited. 

6- Up until one of the neighbours "N" is the final destination, 

repeat the previous steps from step 3 as necessary.. 

 

3.New Roads Construction Costs 

It is necessary to thoroughly formulate all related 

construction cost factors in order to obtain the best highway 

route based on cost minimization. However these cost factors 

shouldn’t have the same weight in the formula. The type of 

formulated factors and its weight in the formula plays a great 

role in alignment path selection. Different types of costs shall 

lead to different alignment configurations. For example, cost 

factors related to alignment length, vehicle operating 

characteristic and fuel consuming makes the alignment favor 

to be straighter with minimum total path length whereas cost 

factors related to geographical data makes the alignment tend 

to be more indirect. 

Costs of new roads construction could be classified into three 

categories i.e. location costs, length costs and earthwork 

costs. 

 

3.1 Location Costs: 

Location costs include all costs related to geographical data, 

earth shape and then the quantities of cut and fill resulted 

from the formation of the road path levels. The less the 

earthworks is, the more economical the road is. There might 

be other location constrains that must be avoided such as 

archaeological areas, cemeteries and military areas. The road 

shouldn’t go through these areas. Hydrological studies 

location recommendations also should be taken in 

consideration while determining a new road path. 

 

3.2 Length Costs: 

Length costs include all costs that depend on the total 

length of the alignment road. Some of these costs are 

directly related to road length such as road construction 

materials like base course, asphalt layers, curb installation 

and rain water drainage system. Other costs are indirectly 

related to road length such as environmental costs like air 

and noise pollution, oil extraction, fuel consumption and 

other Vehicle-operating. Therefore the shorter road length, 

the more economical it is. The shortest route is what we're 

looking for in order to satisfy the other requirements. 

3.3. Earthwork Costs 

By calculating the volume of rock and common material 

that must be moved in order to construct the road, the cost 

of the earthwork is determined. The earthwork production 

rate is calculated by dividing the required cubic metres per 

km by the maximum cubic meters per hour that can be dug 

and placed. 

Road construction superintendents can frequently 

determine the number of meters per hour that their 

equipment can build a road after looking at the topography 

and using their local expertise. For calculating the amount 

of earthwork as a function of side slope, road width, and 

cut and fill slope ratios, the engineer employs formulas or 

tables. Bulldozers and hydraulic excavators have available 

production rates. 

 

3.4 Roads Geometric Design Constrains: 

When selecting a new road path, it must be imperative to 

meet the design criteria for horizontal and vertical road 

alignment. The most effective criteria in vertical design are 

minimum and maximum limits of grades. The maximum 

grade limits depend on the type of the road and its 

importance, the topography of the natural ground, road 

design speed, design vehicle type and its operating 

characteristics. On the other hand, the minimum grade limits 

should also be achieved in regions of flat terrain for rain 

water drainage purposes. According to AASHTO (1994), the 

sight distance and the algebraic difference between the road 

grades play a large role in determining the minimum vertical 

curve length. 

 

The most important and critical variable in our model would 

be the proposed road slope between each two successive 

points in the points grid that represents the geographical 

survey of the study region. The slope limits and the 

maximum length on grade are as given in AASHTO.  

  

4.Application of A* on Road Path Optimization 

Problem 

By formulating all the factors that were previously stated, the 

used A* function in this study has three cases: 

Case 1: If the natural ground slope is greater than the 

maximum upgrade slope in AASHTO (Sn>Sd), Figure 2, 

therefore it is a cut segment. In this case cost function 

between any two successive points in the grid Pn (Xn ,Yn ,Zn) 

and Pn+1 (Xn+1 , Yn+1 , Zn+1) to reach a final target point Pf (Xf 

, Yf , Zf) would be formulated as follows: 
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𝑓(𝑛) = 𝑔(𝑛) ∗
𝐺𝑟𝑖𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑑
+ 𝑓(𝑛) ∗

𝐺𝑟𝑖𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

√(𝑥𝑓−𝑥𝑛+1)
2

+(𝑦𝑓−𝑦𝑛+1)
2

                                                                     (2) 

𝑔(𝑛) =
1

2
∗ 𝑑 ∗ (𝑍𝑛+1 − 𝑍𝑛 − 𝑆𝑑 ∗ 𝑑) ∗ 𝑤 ∗  𝐶𝑐𝑢𝑡 + √(𝑥𝑛+1 − 𝑥𝑛)2 + (𝑦𝑛+1 − 𝑦𝑛)2 + (𝑆𝑑 ∗ 𝑑)2 ∗ 𝑤 ∗ 𝐶𝑠𝑢𝑟𝑓𝑎𝑐𝑒              (3) 

ℎ(𝑛) =  √(𝑥𝑓 − 𝑥𝑛+1)
2

+ (𝑦𝑓 − 𝑦𝑛+1)
2

+ (𝑧𝑓 − 𝑧𝑛+1)
2

∗  𝐶𝑠𝑢𝑟𝑓𝑎𝑐𝑒                     (4) 

 
Fig 2 The natural ground slope is greater than the maximum upgrade slope 

Where: 

 d  : Horizontal distance between the two points,                

𝑑 = √(𝑥𝑛+1 − 𝑥𝑛)2 + (𝑦𝑛+1 − 𝑦𝑛)2 . 

Sn  : Natural ground slope, 𝑆𝑛 =
𝑍𝑛+1− 𝑍𝑛

𝑑
 . 

Sd : Desired design slope of road. 

w  : Road width. 

Ccut: Unit cost of cut (£/m3). 

Csurface : Unit cost of pavement layers, base, MC, binder, RC 

and asphalt (£/m2). 

Case 2: If the natural ground slope is less than the maximum 

downgrade slope in AASHTO (Sn<Sd), Figure 3, therefore it 

is a fill segment. In this case cost function between any two 

successive points in the grid Pn (Xn ,Yn ,Zn) and Pn+1 (Xn+1 , 

Yn+1 , Zn+1) to reach a final target point Pf  (Xf , Yf , Zf)  would 

be formulated as follows: 

𝑓(𝑛) = 𝑔(𝑛) ∗
𝐺𝑟𝑖𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑑
+ 𝑓(𝑛) ∗

𝐺𝑟𝑖𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

√(𝑥𝑓−𝑥𝑛+1)
2

+(𝑦𝑓−𝑦𝑛+1)
2
                                                               

(5) 

𝑔(𝑛) =
1

2
∗ 𝑑 ∗ (𝑍𝑛 − 𝑍𝑛+1 − 𝑆𝑑 ∗ 𝑑) ∗ 𝑤 ∗ 𝐶𝑓𝑖𝑙𝑙 +  √(𝑥𝑛+1 − 𝑥𝑛)2 + (𝑦𝑛+1 − 𝑦𝑛)2 + (𝑆𝑑 ∗ 𝑑)2  ∗ 𝑤 ∗ 𝐶𝑠𝑢𝑟𝑓𝑎𝑐𝑒                                     (6) 

ℎ(𝑛) =  √(𝑥𝑓 − 𝑥𝑛+1)
2

+ (𝑦𝑓 − 𝑦𝑛+1)
2

+ (𝑧𝑓 − 𝑧𝑛+1)
2

∗  𝐶𝑠𝑢𝑟𝑓𝑎𝑐𝑒                                                     (7) 

 

Fig 3 The natural ground slope is less than the maximum downgrade slope 
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Where: Cfill: Unit cost of fill (£/m3). 

Case 3: If the natural ground slope is within the 

allowable design slope in AASHTO therefore 

earthwork can be neglected in this sector of road. 

In this case cost function between any two 

successive points in the grid Pn (Xn ,Yn ,Zn) and 

Pn+1 (Xn+1 , Yn+1 , Zn+1) to reach a final target point 

Pf (Xf , Yf , Zf)  would be formulated as follows: 

𝑓(𝑛) = 𝑔(𝑛) ∗
𝐺𝑟𝑖𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑑
+ 𝑓(𝑛) ∗

𝐺𝑟𝑖𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

√(𝑥𝑓−𝑥𝑛+1)
2

+(𝑦𝑓−𝑦𝑛+1)
2
                 

                            (8) 

𝑔(𝑛) =  √(𝑥𝑛+1 − 𝑥𝑛)2 + (𝑦𝑛+1 − 𝑦𝑛)2 + (𝑆𝑑 ∗ 𝑑)2 ∗ 𝑤 ∗ 𝐶𝑠𝑢𝑟𝑓𝑎𝑐𝑒 

                (9) 

ℎ(𝑛) =  √(𝑥𝑓 − 𝑥𝑛+1)
2

+ (𝑦𝑓 − 𝑦𝑛+1)
2

+ (𝑧𝑓 − 𝑧𝑛+1)
2

∗  𝐶𝑠𝑢𝑟𝑓𝑎𝑐𝑒 

                                 (10) 

5.Results of A* algorithm with Practical Case Study of 

Toshka – El Ewinat Road. 

Toshka El Ewinat road is a major road in Egypt that 

connects two ends. The first one is at Toshka 

Project (386878.39, 24370.1, 249.25), a large 

agricultural project located in the southern part of 

the country. The second end is at the El Ewinat area 

in the New Valley Governorate (501878.39, 

24370.1, 207.88). The road is used by trucks and 

other heavy vehicles to transport goods, equipment 

and people to and from Toshka Project. The road is 

approximately 130 kilometers long, 26 meters 

width (23 m asphalt carriageway + two 1.5 m 

earthen shoulders) as shown in Figure 4. The road 

construction was from September 2020 to April 

2022 as a part of Toshka Project.  

A grid contains a cloud of points that represents the 

natural ground would be used as input for A* 

algorithm to work on as shown in Figures (5 to 7). 

The distance between the grid points is 2.5 Km x 

2.5 Km which is based on the AASHTO charts of 

the maximum length on grade. 

 

 
Fig 4 Typical cross section of Toshka – El Owainat Road 

 

 
 

Fig 5: Grid shape of the used practical area 
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Fig 6: Topographic shape of the used practical area 

 
Fig 7: Contour map of the used practical area 

 
Fig 8: Flowchart of the prepared code. 
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Table 1: Verifying A* algorithm and the practical case results 

 A* optimized path results Practical road manual results Percent of 

variance (%) Quantity Cost (EGP) Quantity Cost (EGP) 

Span (Km) 132.15 130 1.65 

Cut volume (m3) 1,770,643 35,412,853 3,355,034 67,100,680 - 47.22 

Fill volume (m3) 1,130,681 94,977,204 1,303,066 109,457,544 - 13.22 

Base course (m3) 1,268,640 202,982,400 1,240,000 198,400,000 2.3 

Asphalt (m2) 3,039,450 922,473,075 2,990,000 907,465,000 1.65 

Total cost (EGP) 1,255,845,532 1,282,423,000 - 2.07 

 

 
Fig 9: Verifying A* algorithm and the practical case results 

By preparing a code in python to apply A* 

algorithm using the previous cost equations (1 to 

10) on the points grid, the estimated output points 

would represent the optimal road path between the 

two ends. The following flowchart shows the steps 

of this process, Figure 8.  

 

Through analyzing the obtained results of code using 

Autodesk Civil 3D program in the following steps: 

1- Inserting the obtained points in the program. 

2- Drawing horizontal alignment and vertical profile 

connecting these points. 

3- Drawing an assembly that represent the cross 

section of the road. 

4- Making a corridor for the road and calculating the 

road quantities. 

  By comparing the proposed road characteristics and 

quantities that represents the A* algorithm solution with the 

constructed practical road path, the following comparison 

was concluded as shown in Table 1 and            Figure 9. 

The used cost function in this model is based on the 

standard prices in Egypt in 2021. The unit price for cut (Ccut 

) is 20 ₤/m3. The unit price for fill (Cfill ) is 84 ₤/m3. The unit 

price for base course is 160 ₤/m2. The unit price for Asphalt 

layers is 303.5 ₤/m2. 
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6.Conclusions 

This paper optimizes the choice of various conditions and 

various requirements for new roads path optimization in the 

practical application based on the A* algorithm. The 

optimization algorithm combines various influence factors by 

creating a new weight function based on costs as a new 

requirement for path selection by A*, which increases search 

efficiency, minimize the total construction cost and meets the 

various geometric constrains of different roads. The study of 

the A* algorithm achieves the following goals: 

(1) Choosing the optimal path for new roads in no time 

which help to save effort, money and labor in the 

preliminary design stage. 

(2) The selected path satisfies the different design 

constrains in AASHTO. 

(3) By applying the model on the practical constructed 

road, It was found that the A* algorithm gives results 

with total cost less than the manual solution by about 

2%. 

 

 

 

 

References  

[1]. Dian Rachmawati1 and Lysander Gustin (2020) " Analysis of 

Dijkstra’s Algorithm and A* Algorithm in Shortest Path Problem"  

ICCAI 2019 Journal of Physics: Conference Series 1566 (2020) 

012061 IOP Publishing doi:10.1088/1742-6596/1566/1/012061 

[2]. Babapour, M., Ahangari, S., & Ahour, T (2018). The effect of shadow-

reading and collaborative strategic reading on EFL learners’ reading 

comprehension across two proficiency levels. Innovation in Language 

Learning and Teaching, 13(4), 318- 330. https://doi.org/ 

10.1080/17501229.2018.1465059 

[3]. Kairanbay M, and Mat Jani H (2013) "A Review and Evaluations of 

Shortest Path Algorithms". Int. J. of Sci. & Tech.Res.2 6 99. 

[4]. Sharma P, and Khurana N (2013) "Study of Optimal Path Finding 

Techniques" Int. J. of Adv.in Tech. 4 2, 124. 

[5]. Talan K, and Bamnote G R (2015) "Shortest Path Finding Using a Star 

Algorithm and Minimum Weight Node First Principle". Int. J. of 

Innovative Res. in Computer and Communication Engineering 3 2 

1258. 

[6]. Hart P., Nilsson, N. and Rafael, B. (1968) "A formal basis for the 

heuristic determination of minimum cost paths" IEEE trans. Sys. Sci. 

and Cyb. 4:100–107. 

[7]. Pratiwi A B, Pratama A, Sa'diyah I and Suprajitno H (2019) "Vehicle 

routing problem with time windows using natural inspired algorithms 

Department of Mathematics, Faculty of Science and Technology, 

Universitas Airlangga, Surabaya, Indonesia 

[8]. Hart E, Nilsson N J and Raphael, B (1968) "A Formal Basis for the 

Heuristic Determination of Minimum Cost Paths" Systems Science and 

Cybernetics 4 2 100-107. 

[9]. Nilsson, N. (1980) "Principles of Artificial Intelligence" Tioga 

Publishing Company. 

[10]. Kavraki, L.; Svestka, P.; Latombe, J.; and Overmars, M. (1996) 

"Probabilistic roadmaps for path planning in highdimensional 

configuration spaces" IEEE Transactions on Robotics and Automation 

12(4):566–580. 

[11]. LaValle, S. (1998) "Rapidly-exploring Random Trees: A new tool for 

path planning. Technical report" Computer Science Dept., Iowa state 

University. 

[12]. LaValle, S., and Kuffner, J. (1999) "Randomized kinodynamic 

planning" In Proceedings of the IEEE International Conference on 

Robotics and Automation (ICRA). 

[13]. LaValle, S., and Kuffner, J. (2001) "Rapidly-exploring Random Trees: 

Progress and prospects. Algorithmic and Computational Robotics" 

New Directions 293–308. 

[14]. LaValle, S. (2005) "Planning Algorithms"  

http://msl.cs.uiuc.edu/planning/ 

[15]. Dave Ferguson, Maxim Likhachev, and Anthony Stentz (2005) "A 

Guide to Heuristic-based Path Planning" American Association for 

Artificial Intelligence (www.aaai.org). 

[16]. Minhang Zhou a, and Nina Gao (2019) "Research on Optimal Path 

based on Dijkstra Algorithms" Advances in Computer Science 

Research, volume 87 pp. 884 – 892. 

[17]. Anis Naema Atiyah Rafai , Noraziah Adzhar , and Nor Izzati Jaini 

(2022) "A Review on Path Planning and Obstacle Avoidance 

Algorithms for Autonomous Mobile Robots" Hindawi Journal of 

Robotics Volume 2022, Article ID 2538220, 14 pages 

https://doi.org/10.1155/2022/2538220 

 

http://msl.cs.uiuc.edu/planning/
http://www.aaai.org/

	1. Introduction

