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Abstract: This research focuses on the development of a route optimization application designed to help motorcycle users 

reduce fuel consumption. Leveraging the Google Maps API and the A* algorithm, the application identifies the most efficient 

routes by analyzing factors such as road distance, traffic conditions, and elevation. The system is tailored to benefit 

motorcyclists, both those using carburetors and fuel injection systems, who frequently face fuel inefficiency due to improper 

route selection. By integrating real-time data from Google Maps, the application provides users with optimal route 

recommendations that not only minimize fuel usage but also reduce travel time. The A* algorithm was selected due to its high 

efficiency in determining the shortest paths by considering multiple variables simultaneously. Through simulations and testing, 

the system demonstrates significant potential to improve navigation efficiency, particularly for long-distance commuters. This 

solution is expected to contribute to cost savings and more environmentally friendly transportation choices. 
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1. Introduction

1.1. Background 

In this modern era, motorbikes are the favourite means of 

transport for the majority of Indonesians. But the problem 

faced by users of this means of transport is draining the 

pockets of riders with excessive use of fuel oil, especially 

those that have not used injection. The cause can be many 

things, one of which is improper road selection. 

Because of this, the author wants to solve problems related 

to wasteful motorbikes. The author wants to develop a 

system that can help solve this problem.  

There are many options for drivers to save their driving 

costs. What people often use is the maps application provided 

by big technology companies such as Google, Apple and 

Bing. This application will help to find the most efficient 

route. In this research, the author uses the A* algorithm 

applied to the Google Maps application API. This application 

will compare the use of injection and carburetion. 

Because of this, the author wants to solve problems related 

to wasteful motorbikes. The author wants to develop a 

system that can help solve these problems. In determining the 

most efficient route, the author will ensure three benchmarks, 

namely route, elevation and congestion. 

The A* algorithm is used as one of the most frequently 

used algorithms forpath finding and graph traversal, which is 

the process of plotting the most efficient path between 

points,called nodes. The speed at which paths are planned 

and the resilience of those plans are the primary measures of 

the A* algorithm's performance[1] 

Travelling distance can affect fuel consumption as the 

engine will continue to work as far as the journey. Traffic 

jams can also affect fuel consumption. The engine will 

continue to run during trafficjams so that the fuel will 

continue to decrease. The last one is elevation. The slope of 

the road can alsoaffect fuel consumption and vehicle engine 

performance. In addition, the slope of the road is also directly 
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related to the vehicle engine's ability to brake and traverse 

inclines[2] 

1.2. Problem Formulation 

We can formulate the problem as follows: 

1. How can the application determine the route to save fuel 

oil by determining distance and elevation? 

2. How to apply the A* algorithm to determine the most 

efficient route for carbureted and injected motorcycles? 

1.3. Destination 

The objectives of this research are: 

1. Helps carbureted and injected motorbike riders to 

determine the most efficient route to save fuel. 

1.4. Literature Review 

Google Maps is one of the most popular mapping 

applications in the world, providing users with accurate and 

up-to-date information about roads, buildings, and other 

points of interest[3]. Google offers a free mapping and 

navigation tool called Google Maps. With a proportion of 

67% of 511 respondents—smartphone users who use at least 

three different applications daily—Google Maps is the most 

popular navigation app[4].  
In order to give developers and programmers with 

graphical and software add-ons that satisfy their demands, 

Google Map API uses JavaScript with maps and works with 

numerous programming languages, including PHP, SQL, 

HTML, XML, and CSS. Google Maps is very user-friendly 

due to its features and support for most computer browsers, 

including Internet Explorer, Firefox, Chrome, and others. 

Additionally, it works with browsers that fully support 

JavaScript on tablets and mobile devices like Apple, Android, 

and others[5].  

The A* algorithm is a best route finding algorithm widely 

used in artificial intelligence and optimisation. First 

introduced by Hart, Nilsson, and Raphael in 1968, it has 

proven to be very efficient for various pathfinding 

applications, especially on large, complex graphs with many 

vertices and branches. A* combines two main values in the 

evaluation of each vertex, namely the actual cost from the 

start vertex to the current vertex (g(n)) and the estimated cost 

from the current vertex to the destination (h(n)). This 

combined value is expressed as f(n) = g(n) + h(n) and is used 

to prioritise the exploration of the next node. 

The A* algorithm is a popular search algorithm that finds 

the shortest path between two points in a graph. It is often 

used in navigation and routing applications, such as 

determining the shortest route between two points on a map. 

A fundamental aspect of the A* method is the utilisation of 

heuristic functions to estimate the cost of the destination. A 

heuristic function is a distance-based mathematical 

estimation of the cost to the target of a given vertex[6]. 

This algorithm is the fastest among the others.In 

determining the most efficient route, the author will ensure 

three benchmarks: route, elevation and congestion. Path 

planning method A* uses graph search as its foundation. Its 

symmetrical search procedure uses the present node as the 

center to find surrounding nodes[7].  

Recent research has shown that the development of 

heuristic functions and the combination of A* with other 

techniques, such as reinforcement learning and hybrid 

methods, can improve pathfinding efficiency. For example, a 

study by Wang et al. (2023) introduced an integration 

approach of A* with reinforcement learning for robot 

navigation, which allows the algorithm to dynamically adjust 

the path planning strategy based on experience and 

environmental feedback, thereby improving obstacle 

avoidance capability and energy efficiency[8]. 

Because the A-star algorithm performs well and is 

generally efficient, it has been explored and applied 

extensively in the field of path planning. The A star algorithm 

also has the benefit of heuristic search, which lowers the 

quantity of search queries.  

Nodes while guaranteeing the best route, increasing the 

effectiveness of the search. Nevertheless, the traditional A-

star algorithm is not appropriate for ship navigation in 

complex marine conditions because it only considers the path 

length. It is essential to enhance route safety by expanding 

the capabilities of the A-star algorithm to include numerous 

navigation safety variables in order to use it for ship path 

planning[9].  

 

1.4.1. Working Mechanism of A* Algorithm 

The A* algorithm works by utilising a heuristic function to 

estimate the lowest cost from the starting point to the 

destination, thus speeding up the route finding process. This 

heuristic function provides an informative estimate of the 

remaining distance or cost to the destination, which allows 

the algorithm to focus on more promising paths. The working 

mechanism of the A* algorithm generally includes several 

main stages: 

Several studies published from 2021 onwards have 

explored new approaches and improvements to the A* 

algorithm, especially for applications such as robotics, 

autonomous vehicles, and path planning in dynamic 

environments. 

1. Enhanced A Algorithms*: Some recent research focuses on 

refining the classic A* algorithm by introducing adaptive 

mechanisms. For instance, one study implemented a bi-

directional adaptive version of A* for mobile robots. This 

version adjusts the weights dynamically based on the 

environment's complexity, allowing for faster convergence 

and higher quality paths, even in obstacle-rich 

scenarios[10]. 

2. Hybrid Methods: A notable trend is combining A* with 

other algorithms to improve efficiency in real-time 

applications. One hybrid approach fused A* with the Time 

Elastic Band (TEB) algorithm for path planning in both 

static and dynamic environments, enhancing the 

adaptability and responsiveness of the algorithm to sudden 

changes[6]. 

3. Robot Navigation Improvements: There are also 

advancements in integrating A* with reinforcement 

learning techniques. This combination helps robots 

navigate unknown or dynamic environments by adapting 

their path planning strategy using learned experiences and 
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environmental feedback. These adaptive methods enable 

robots to avoid obstacles more effectively while 

minimising energy consumption. 6. By considering these 

two factors, the A* algorithm can select the shortest path 

by minimising the number of nodes evaluated. In the 

context of GPS navigation, the application of this 

algorithm is expected to improve the performance of the 

system in providing shortest routes to users, both in terms 

of speed and accuracy[8]. 

1.4.2. Applications in Navigation Systems 

 

Because of its great performance, the system was created 

with the popular ReactJS package and the Javascript 

programming language. In the world of programming, one of 

the most popular JavaScript frameworks is ReactJS[11]. 

The development of autonomous driving technology can 

gradually free drivers from driving behaviour, thereby 

improving road traffic efficiency and ensuring traffic safety. 

The advancement of artificial intelligence technology in 

recent years has made it possible to apply autonomous 

driving technology in practical scenarios. The main problems 

of autonomous driving vehicles lie in three aspects: location 

and 

perception, decision-making and planning and control and 

execution. Among them, trajectory planning determines the 

expected trajectory, which is related to the safety, comfort, 

efficiency of the vehicle. At the same time, trajectory 

planning has become a research challenge due to the 

complexity of the traffic environment and vehicle 

system[12]. 

In addition, the use of Google Maps API in the navigation 

system provides better flexibility and data accuracy 

compared to manual navigation systems. The Google Maps 

API provides features to determine routes based on several 

parameters, such as shortest distance, fastest time, as well as 

alternative route options based on current traffic and road 

conditions[13]. With the integration of the A* algorithm and 

Google Maps API, users can be provided with more efficient 

route recommendations in terms of distance, time, and fuel 

consumption. 

Thus, this research draws on various literatures related to 

the application of the A* algorithm in navigation systems and 

the potential for energy savings through optimal route 

selection based on distance and elevation. 

2. Methodology 

Research methodology is the steps taken to complete this 

research. The author used the following steps to complete the 

research. 

 
Figure 1. Research methods 

2.1. Working Principle 

This system will perform path finding determined by the 

A* algorithm. This system uses the google maps API to find 

the route. By taking into account the route distance, elevation 

and congestion the system will find the latest route that is 

more efficient in fuel. 

At first, we as users will choose the starting point (start 

route) and the end point / destination on Google Maps. Then 

we choose the option of our vehicle type using carburetion or 

injection. Then we will search for the best route using the A* 

algorithm and those that do not use the A* algorithm. The A* 

algorithm will display nodes in the form of locations on 

google maps[14]. Nodes are used as graphs in the A* 

algorithm. Then the best route has been found. 

2.2. Data Collection 

In preparing this journal, the author needs data to get 

accurate results. 

The methods the author uses to collect data are: 

a. Simulation 

By modeling a system constructed with React JavaScript 

and the Google Maps API, data is gathered. The nodes in the 

Google Maps API that are derived from user input are the 

data that was gathered from the simulation. 

2.3. System Development Analysis 

a. System introduction 

The system that the author designed is a system to find the 

best route to save fuel. This application uses the A* 

algorithm to find the best route. Factors that affect route 

determination are distance and elevation. The system that the 

author created uses the Google Maps API which is 

incorporated into the A* algorithm. 

b. How the System Works 

The system that the author designed works with the input 
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selected by the user. After the user selects the start and end 

points of the trip then determines the carburetor or injection 

on the motorbike, the system will work to find the best route. 

The A* algorithm used will search for routes with nodes 

based on the location in google maps. In a short time the 

system determines the best route to drive. 

 
Figure 2. Architectural Design Block Diagram 

2.4. A* Algorithm Analysis 

A star in the world of computer science is a highly 

functional computer algorithm for path finding. This 

algorithm is very useful especially in performance and 

accuracy for various fields. A* uses Best First Search to use 

the path with the smallest cost. In computer science, A* 

(pronounced "A star") is a computer algorithm used 

extensively in path finding and graph traversal, the process of 

efficiently plotting a path between points, called nodes. 

The A-star algorithm's running time will significantly 

increase as a result of its extensive node-searching during 

operation. The A-star algorithm primarily makes use of the 

evaluation function to determine the assessment function, 

visit the nodes around the grid map repeatedly, and direct and 

choose the expansion nodes in the raster map. In the end, it 

moves down the evaluation function's least path[14]. 

The environment is set along with obstacles, the starting 

point and the destination point. The algorithm will traverse 

through nodes in the local coordinate space in the search for 

the optimal path. When the final destination point is reached, 

the optimal path will be traced by plotting[15]. 

A* achieves better performance by using heuristics. A* 

uses Best First Search (BFS) and finds the leastcost path 

from a given initial node to the goal node. The algorithm uses 

a distance plus cost heuristic function (commonly denoted by 

f(x)) to determine the order in which it searches through the 

nodes in the tree. A good heuristic function helps the 

algorithm efficiently explore the most promising paths first, 

leading to a faster and more optimised path search. Equation 

(1) defines the heuristic function f(N) in the A* 

algorithm[10]. 

2.5. Implementation Results 

1. Hardware Implementation 

The hardware used actually does not have to be hardware 

with very high specifications. The system that the author 

builds is a web-based application so it doesn't take too much 

CPU usage. 

Here are the hardware specifications that the author uses to 

run the system: 

     Table 1. Hardware specifications used for testing 

CPU  AMD Ryzen 3 3250U / 2.6 GHz 

Max Turbo Speed 3.5 GHz 

Number of Cores Dual-Core 

Cache 4 MB 

64-bit Computing Yes 

RAM 4 GB 

RAM Type DDR4 SDRAM 

Speed 2666 MHz 
* The example for this table 

2. Hardware Implementation 

Then the software specifications used to run the system are 

devices that use a Windows 11-based operating system. Run 

with the google chrome browser. 

3. Interface Implementation 

Author use React as framework. These frameworks offer 

components and an architecture for creating responsible, rich, 

and contemporary Web interfaces[16]. 

The homepage displays the start and end route selection, 

the carb and injection options, and the option to search the 

route with or without using the A* algorithm. There are also 

2 maps that display our route finding options. 

 

 
Figure 3. Homepage implementation 

4. Testing 

Below is a test of the A* algortima that the author did: 
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Figure 4. A* implementation on maps 

 
Figure 5. A* implementation in code 

Here is the detailed explanation:  

Node Generation: The generateNodesAlongRoute function 

generates nodes at certain intervals along the route generated 

by Google Maps. These nodes will be used in the A* 

calculation. Heuristics & Distances: The heuristic function is 

used to estimate the distance between two nodes, using the 

haversine distance to calculate the distance between two 

coordinates on Earth. 

A* process: 

 astar performs a search based on the nodes that have been 

generated. 

 openSet stores the nodes to be evaluated, while closedSet 

stores the nodes that have already been evaluated. 

 gScore stores the actual cost to reach a node, while fScore 

stores the estimated total cost (actual cost plus estimated 

distance to the destination). 

 If a node is closer to the destination than the path being 

evaluated, it is selected to proceed. 

3. Conclusion 

The application of the A* algorithm is very helpful in 

finding the best route to save fuel because the A* algorithm 

can search through nodes. By implementing the Google 

Maps API, finding the best route can be helped by data 

owned by the Google Maps API such as route distance, 

congestion based on user data and also ground elevation. 

The system that the author built is also efficient and does 

not take up a lot of CPU usage. The reason is because the 

system that the author built is a web-based application. So 

the system that the author designed is easy for motorists to 

access. 
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