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Abstract 

To facilitate the practical deployment of robotics, efficient path planning is essential to ensure that robotic 

movement is accurate, safe, and goal-oriented. This study explores new approaches to map adaptation and path 

optimization for robot navigation between specified locations. The initial phase of the research involves designing 

an environment that enables the safe operation of robots. Subsequently, the collected data is processed to construct 

a graph using Dijkstra’s algorithm, which is employed to determine the shortest path between key points. When 

multiple paths are available, the algorithm selects the most efficient one, while ensuring safety in point-to-point 

transitions and when navigating around obstacles. In addition to this, a reinforced method is introduced to enhance 

the security of path planning. This approach expands the original trajectory to incorporate a safety buffer equal to 

half of the robot’s safety radius, thus maintaining a safe distance along the traveled route. The key contribution of 

this work lies in the development of novel maps featuring secure pathways, which can be utilized by optimization 

algorithms to improve navigation in unfamiliar terrains. Experimental results using PRM* and RRT* validate the 

accuracy of these maps, especially in complex, maze-like environments. 

Keywords: Mobile robot; Path planning; Reshaping; Navigation; Map Reconstruction; Safety 

1. Introduction 

Robot path planning is essential for building autonomous mobile robots because it specifies how the robot would 

move from its current position to the desired location safely, efficiently, and without hitting any obstacles [1]. In 

reality, robots often need to function in dynamic or semi-structured environments, making the ability to securely 

plan paths essential for dependable robot motion [2]. Modern robotics frameworks provide the necessary structure 

for integrating vision and navigation and include fundamental control and perception techniques [3]. Several 

approaches to address path-planning challenges have been proposed. Prominent approaches using geometric 

modeling and sampling-based motion planning are especially noteworthy. Roadmap-based algorithms such as the 

Probabilistic Roadmap (PRM) and its variants are popular due to how efficiently they model large configuration 

spaces [4]. The PRM method, for example, samples the free space and links nearby configurations to build a graph 

or roadmap from which optimal paths can be retrieved [5]. An example of a sampling-based planner is the rapidly 

exploring Random Trees (RRT) algorithm, which expands a tree from the start of the path to the goal incrementally 

[6]. Extensions like PRM* and RRT* preserve asymptotic optimality and path optimality which can be converted 

to overtime as the number of samples approaches infinity [7]. FMT sharpens this approach even further by using 

dynamic programming on sampled nodes [8]. In addition, Quick-RRT* uses pruning and geometric constraints to 

expedite tree expansion and, as a result, speed up convergence [9].   
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The use of fuzzy logic controllers combined with path tracking has been studied for bettering autonomous robot 

navigation for unclear environments [10]. Besides this, several other attempts have been undertaken to improve 

the path of a robot using a decomposition of the environment, such as the Generalized Voronoi Diagram (GVD), 

which divides the space into regions equidistant to the closest obstacles [11]. Using the GVD is particularly 

advantageous in cluttered and narrow spaces, where the robot is required to stay away from the surrounding 

obstacles, as it maximizes the robot's distance from the nearby objects [12]. The combination of Voronoi diagrams 

with Dijkstra’s algorithm allows the shortest safe path to be found on the constructed graph [13]. Still, the raw 

paths from Voronoi graphs may be overly inefficient. To address these problems, smoothing techniques as well as 

visibility graph modifications have been proposed [14]. In addition, Voronoi diagrams have been used with 

potential field techniques to improve the fluidity of robot motion within well-structured environments [15].  PRM-

based frameworks have been defined with artificial bee colonies and genetic algorithms to incorporate 

optimization-based planners, increasing solution diversity and addictiveness [16-17].  

Although these metaheuristic approaches tend to generate smoother, robust paths, they do so at the expense of an 

increase in runtime. Other studies have investigated hybrid approaches that combine GVDs with visibility graphs, 

producing enhanced obstacle avoidance, but resulting in sharp corners or complex path tracking [18-19]. Recent 

innovation attempts real-time convergence and safety with confidence-based trees [20] and synchronized-biased 

RRTs [21]. Other researchers have focused on waypoint planning or reactive planning in dynamic environments 

[21-22]. In mobile robotics, real-world applications often integrate dynamic functionality in cars and real-time 

planners [23-25].  To simplify path planning, static obstacles are often expanded by a certain distance, which is 

proportional to a robot’s safety radius or “inflation” zone [26] to account for the robot’s physical dimensions. 

Some works applying biogeography-based optimization (BBO) and particle swarm optimization (PSO) have 

shown success in optimization for these inflated environments [27-28]. Moreover, the precise path and Voronoi 

boundary alteration for constrained path are also studied for path optimization [29-30]. 

In this document, we advance these approaches by proposing an overarching plan that integrates dynamic Voronoi 

boundary inflation and Dijkstra’s shortest path method. Our method generates a remodeled map that optimizes 

safety margins and minimizes the length of the path simultaneously. The framework is evaluated against PRM* 

and RRT* in benchmark scenario tests to display its effectiveness in both highly cluttered and restricted spaces. 

2. Methods 

This portion outlines the necessary foundational details for the document. 

A.  Path Planning Using Voronoi Structure and Dijkstra’s Algorithm 

In this case, a combination of the Generalized Voronoi Diagram (GVD) and Dijkstra's algorithm is utilized for the 

robotic path planning process. The GVD divides the environment into spatial subdivisions, which models the 

aircraft's flight environment as a grid where each grid square is a region as per its distance from the nearest obstacle, 

which is of a polygon or a circle shape. The regions are defined recursively where a region contains the closer 

points to a certain obstacle than to all other defined obstacles, which efficiently aids in path finding which is 

maximally freed from obstacles. As in the previous illustration D is the distance from an obstacle, once the Voronoi 

diagram is generated, the next step is to transform the diagram into a graph by encoding the edges and clicking 

points and creating a graphical based representation of the edges and the Voronoi cells. The borders and the center 

points of each Voronoi cell are defined as the graph nodes and edges are defined by the distance between the linked 

nodes and the distance to the adjacent nodes to each node. This step is crucial as it allows Dijkstra algorithm to 

compute the shortest and the least risky path from the provided source to the designated target. 

With Dijkstra’s algorithm, all nodes are initialized with an indefinite distance with the exception of the source 

node, which is set to zero. The algorithm then proceeds to explore, in an iterative fashion, the closest node that has 

yet to be visited while always updating the distance for all neighboring nodes, as long as a shorter distance has 

been found. After the goal has been reached, the shortest path can easily be reconstructed by tracing back the 

nodes. 

This process ensures that the final path is both minimal in length and respects the safety margins established by 

the Voronoi layout. This integrated approach benefits from the spatial efficiency of Voronoi structures and the 

algorithmic robustness of Dijkstra’s method. The result is a safe, optimized navigation route for mobile robots in 

environments with static obstacles. 
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Figure 1. Evaluation of Voronoi diagram. 

The combined method uses two core algorithms: Voronoi diagram construction and Dijkstra’s shortest path search. 

The following pseudocode blocks summarize their implementations in the proposed system. 

- Voronoi Diagram Pseudocode: 

Function Voronoi Diagram (points): 

1. Initialize an empty list of edges: edge List = [] 

2. Initialize an empty list of vertices: vertex List = [] 

3. Initialize an empty list of regions: region List = [] 

4. Create a priority queue PQ for events (points and circle events) 

5. Insert all points into PQ as site events 

6. Loop while PQ is not empty: 

7.   Get the next event from PQ 

8.   If it's a site event: 

9.       Create a new site with the event's coordinates 

10.      Insert the new site into a new region in region List 

11.      If the site is the first in the list, continue to the next event 

12.      Process the site event by adding edges to edge List and updating regions 

13.  If it's a circle event: 

14.      Remove the circle event from PQ 

15.      Close the corresponding edge and remove it from edge List 

16.      Update regions affected by the removed edge 

17.      Check for new circle events and insert them into PQ 

18. Continue processing events until no more circle events are found  

19. Loop through all edges in edge List: 

20. Clip edges to bounding box to ensure finite diagram. 

21. Return Voronoi diagram as Edge List 
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- Dijkstra's Algorithm Pseudocode: 

Function Shortest Path (start, end, Voronoi Graph): 

1. Initialize an empty priority queue PQ. 

2. Create a dictionary 'distance' to store the distance from the start node to each node. 

   Initialize distance[start] = 0 and distance[other nodes] = ∞. 

3. Enqueue (start, 0) into PQ. 

4. Create a dictionary 'previous' to store the previous node in the shortest path. 

   Initialize previous[node] = null for all nodes. 

5. While PQ is not empty: 

6.     Dequeue a node curr_node and its distance curr_distance from PQ. 

7.     If curr_node == end node: 

           Reconstruct the path using 'previous' and return it. 

8.     For each neighbor_node of curr_node: 

9.         new_distance = curr_distance + distance(curr_node, neighbor_node) 

10.        If new_distance < distance[neighbor_node]: 

11.            distance[neighbor_node] = new_distance 

12.            Enqueue (neighbor_node, new_distance) into PQ 

13.            previous[neighbor_node] = curr_node 

14. If end not reached, return null. 

B. Inflated Map 

One of the most important considerations is the safety distance between the generated path and the obstacles 

present on the maps. Safety path calculation is one of the most important conditions that must be met when 

generating a path for a mobile robot between two points. Therefore, obstacles have been inflated by half the robot's 

radius to take into account the safety path, knowing that this inflation depends on the size of the robot used. The 

image below shows the main map containing the obstacles, represented by black color, while the red color 

represents the generated safety distance, which is approximately half the robot's radius. 

 

 

Figure 2. Inflated map according to half-radius of robot. 
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Dijkstra's algorithm calculates the shortest path cost C(v) for a vertex v iteratively using the neighbors of v. 

𝒄(𝒗) = 𝒎𝒊𝒏
𝒖∈𝒏𝒆𝒊𝒈𝒉𝒃𝒐𝒓𝒔(𝒗)

[𝒄(𝒖) + 𝒘(𝒖, 𝒗)]  (1) 

Where: 

 C(v): Current shortest path cost to vertex v. 

 C(u): Current shortest path cost to neighboring vertex u. 

 w(u,v) Weight (distance) of the edge between vertices u and v. 

Based on the provided information (Voronoi Diagram), Dijkstra's algorithm can be implemented to find the 

shortest path for the robot between the given start and end points on the map. A high-level pseudocode for 

implementing Dijkstra's algorithm with the provided information is given below. 

Function Shortest Path In Voronoi (start, end, Voronoi Diagram): 

1. Generate Voronoi diagram from Voronoi Diagram function using the given points. 

2. Convert the Voronoi diagram into a graph representation: 

   - Each cell boundary becomes a node. 

   - Each cell centroid becomes a vertex. 

   - Assign weights to the edges based on the distances between neighboring nodes. 

3. Implement Dijkstra's Algorithm on the Voronoi graph to find the shortest path: 

   3.1 Initialize a priority queue PQ. 

   3.2 Create a distances dictionary to store the distance from the start node to each node. 

Initialize distances [start] = 0 and distances [node] = infinity for all other nodes. 

   3.3 Create a previous dictionary to store the previous node in the shortest path for each node. 

Initialize previous [node] = null for all nodes. 

   3.4 Enqueue (start, 0) into PQ. 

   3.5 While PQ is not empty: 

       3.5.1 Dequeue a node curr_node and its distance curr_distance from PQ. 

       3.5.2 If curr_node is the end node, reconstruct the shortest path using the previous 

dictionary and return it. 

       3.5.3 For each neighbor_node of curr_node: 

             3.5.3.1 Calculate the distance to neighbor_node through curr_node: new distance = 

curr_distance + distance (curr_node, neighbor_node). 

             3.5.3.2 If new distance is less than distances[neighbor_node]: 

                     3.5.3.2.1 Update distances[neighbor_node] to new distance. 

                     3.5.3.2.2 Enqueue (neighbor_node, new distance) into PQ. 

                     3.5.3.2.3 Update previous[neighbor_node] to curr_node. 

   3.6 Return null if no path exists from start to end. 

 

This pseudocode outlines the process of combining Dijkstra's algorithm with the Voronoi graph to find the shortest 

path between the given start and ends while considering the safety distance and obstacles, as it is clear in figure 3 

below. 
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Figure 3. Shortest path using Voronoi graph. 

After generating the Voronoi diagram, A dynamic inflate process will be performed for each point in the diagram. 

This process involves measuring the distance from each point to the nearest obstacle on the map and then adjusting 

the distances to ensure that the safety distance for the paths generated by the Voronoi diagram is maintained.  

Here's how can integrate dynamic inflate into the process: 

 Generate the Voronoi diagram using the Voronoi graph generation algorithm provided earlier. 

 For each point in the Voronoi diagram: 

- Find the nearest obstacle on the map. 

- Measure the distance from the point to the nearest obstacle. 

- Adjust the distances of neighboring vertices in the Voronoi diagram to ensure that the safety distance is 

maintained. This adjustment may involve expanding the edges or adding additional vertices to maintain the 

required safety distance. 

 Once the dynamic inflation process is completed for all points in the Voronoi diagram, the resulting graph 

will reflect the inflated Voronoi diagram with adjusted distances to ensure safety. 

Below is the pseudocode to demonstrate this process. 

Function Dynamic_Inflate (obstacles, Voronoi Diagram): 

1. For each point in Voronoi Diagram: 

2. Find the nearest obstacle on the map. 

3. Measure the distance from the point to the nearest obstacle. 

4. Adjust the distances of neighboring vertices in the Voronoi diagram: 

5.        - If the distance is less than the safety distance: 

6.             - Expand the edges or add additional vertices to maintain the required safety distance. 

7. Return the adjusted Voronoi Diagram. 
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Figure 4. Dynamic inflation Voronoi boundaries. 

The above image illustrates how dynamic inflate was applied to each point in the Voronoi diagram, taking into 

consideration all obstacle points and the safety distance for the map. As the main contribution of this research is 

to implement dynamic inflate for the shortest generated path using Dijkstra's algorithm. All other paths will be 

disregarded, and focus will be solely placed on cutting the segment connecting the start and ends. This will reduce 

the available environmental and generate a new map connecting the start and ends, which is safe according to the 

robot's diameter. Additionally, this inflator is dynamic in that it expands in large areas and contracts in small areas. 

Here is a pseudocode to illustrate this concept: 

Function Dynamic Inflate Shortest Path (start, end, obstacles, robot diameter): 

1. Generate a Voronoi diagram from the given obstacles. 

2. The second step is about running Dijkstra’s algorithm on Voronoi graph to determine 

the shortest path between two points. 

3.Cut away the smallest part of shortest path segment linking start-up and end points so 

that they are not threatened: 

4.For every point on this piece of shortest Path segment; 

5.Less than minimum distance (half diameter of a robot) to any obstacle: 

6.Move this point around it to make sure. 

7.Then, update changes made in relation to that segment of a road 

8.Provide an alternative set of nodes for what should have been described here 

This pseudocode outlines the process of implementing dynamic inflate for the shortest generated path using 

Dijkstra's algorithm. It ensures that the path remains safe by adjusting the positions of points along the path 

segment based on the proximity to obstacles and the robot's diameter. The safe and short path generated in the 

figure 5 below. 

 

Figure 5. Dynamic inflation for shortest generated path. 
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To ensure a safety buffer around obstacles, the radius of the obstacle inflated is increased based on the robot's 

radius and an additional safety margin. 

𝒓𝒊𝒏𝒇𝒍𝒂𝒕𝒆𝒅 = 𝒓𝒓𝒐𝒃𝒐𝒕 + 𝒓𝒔𝒂𝒇𝒆𝒕𝒚   (2) 

 𝒓 inflated: Inflated radius for safety. 

 𝒓 robot : Radius of the robot. 

 𝒓 safety: Additional safety margin. 

Dynamic inflation adjusts the distances between points near obstacles to ensure the safety of the robot's path. 

𝑑𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑  (𝑝)  = (max (𝑑𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙(𝑝), 𝑑𝑠𝑎𝑓𝑒𝑡𝑦))  (3) 

 dadjusted(p): Adjusted distance for the point p. 

 dOriginal(p): Original distance between the point and the nearest obstacle. 

 dsafety : Required safety distance. 

 

3. Results 

At this stage, the algorithm needs to be thoroughly tested to ensure its accuracy. The RRT* algorithm was chosen 

for implementation and testing on two types of maps, each containing various obstacle shapes. The first scenario 

involves testing the RRT* algorithm on the original maps, while the second scenario involves executing the RRT* 

algorithm on modified maps. Additionally, the possibility of optimizing the generated path to make it smoother 

will be explored. 

A. Maze map 

Figure 6 below shows a maze map, the RRT* algorithm was tested on these maps without any modification.  

 

 

Figure 6. Maze map without modification. 

Figure 6 illustrates how the RRT* algorithm operates. Once the start and ends are defined, the algorithm creates 

random tree nodes and connects them in an attempt to find the shortest path between the two points. However, the 

resulting path is unsafe and unnecessarily long, containing many sharp or irrelevant turns. Additionally, the tree 

occupies almost the entire map. Increasing the number of sample nodes leads to the algorithm placing even more 

nodes in redundant or irrelevant areas. 

. 

 

  Start 
  End 
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Figure 7. Maze map with modification. 

Figure 7 demonstrates the performance of the RRT* algorithm on the processed map. All samples are correctly 

placed along the intended path, with no redundant nodes. This significantly increases the chances of finding an 

optimal path using fewer samples than in the original map. Moreover, the algorithm converges faster and more 

accurately in this modified setup. 

B. Obstacle Map 

Second type of maps used as in figure 8 below. 

 

 

Figure 8. Obstacle map without modification. 

The algorithm was also tested on a different type of map. Once again, it was observed that the algorithm distributes 

samples across the entire map, including unused or irrelevant areas. As a result, the generated path is unsafe and 

does not sufficiently account for the robot’s size. 

 

  Start 
  End 

  Start 
  End 
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Figure 9. Obstacle map with modification. 

Figure 9 shows the final path generated by the RRT* algorithm. The path is safe, and all sample points are located 

in relevant areas, with none placed in unused zones. The modified map significantly improves the algorithm’s 

ability to find a route between two points. Although the resulting path is slightly longer—due to the nature of 

RRT*—it can be further optimized using post-processing techniques. To provide a clearer comparison of 

performance, Table 1 presents key metrics from both tested map types, including estimated path length, 

computation time, and qualitative path smoothness assessment. Table 1 summarizes the performance evaluation 

of the proposed path planning approach across different map environments. The metrics include path smoothness, 

computation time, and both the modified and original path lengths. 

Ask ChatGPT 

Table 1: Path Planning Performance Metrics across Different Map Types 

Path Smoothness Computation Time 

(sec) 

Modified Path 

Length (mm) 

Original Path 

Length (mm) 

Map Type 

Moderate 0.92 112 130 Maze Map 

High 1.08 120 148 Obstacle Map 

 

When combining the Voronoi diagram with Dijkstra's algorithm, the shortest path length Pshortest is calculated as 

the sum of the weights of edges along the path. 

𝜌𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 = ∑ 𝑤(𝜌ⅈ , 𝜌ⅈ + 1)𝑛
𝑖=1   (4) 

 𝜌𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡: Total length of the shortest path. 

 𝜌ⅈ , 𝜌ⅈ + 1 ∶ Weight (distance) of the edge between consecutive points pi and pi+1 on the path. 

 

4. Conclusion 

Finding a short, safe, and reliable path is crucial for robots used in a variety of daily applications. This study aims 

to explore and develop new algorithms for map reconfiguration and improve path planning operations for robots 

between specific points. The Voronoi algorithm was applied initially to identify safe zones and obstacles in the 

environment, thus providing a secure platform for robot movement. For that reason, the Dijkstra algorithm was 

then applied to figure out the shortest path between given points using the data produced from the Voronoi diagram. 

If there were alternative routes, safety distance between path points and obstacles was taken into account while 

  Start 
  End 
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selecting the shortest route. Another safe path has been created by expanding original one in such a way that it 

guarantees collision avoidance with obstacles by increasing safety distance more than half robot radius. The 

significance of this research lies in the development of customized maps that enhance safety and enable path-

planning algorithms to navigate unfamiliar environments more efficiently. While the proposed method shows 

promising results in simulations, real-world constraints such as sensor noise, localization inaccuracies, and 

hardware limitations may influence its performance. Future work will focus on addressing these challenges to 

enhance real-world applicability. 
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