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Abstract. Dijkstra algorithms are typically used to find the shortest path from a source node to a 
destination node. It is widely used in various applications due to its reliability and less complexity. 
This paper presents the extended Dijkstra Algorithm with lower latency and consumes less computing 
memory intended for implementation in many AGVs networks for effective decentralized task 
distribution path planning. This paper proposed linear regression normalization across the node 
network in Dijkstra architecture to reduce computing time and memory consumption. The issue 
addressed through this optimization focused on reducing the possibilities of collision between AGVs 
and deadlock. The extended Dijkstra algorithm significantly reduces computing time compared to the 
traditional Dijkstra algorithm. In addition, the proposed solutions suggest better AGV routing for 
collision avoidance and deadlock prevention possibilities. 

Introduction 
Dijkstra algorithm was first conceived by Edsger W. Dijkstra [1, 2], a computer scientist, back in 
1956. It was designed to compute the shortest path between nodes in a graph in 1959. It was the first 
design to compute the shortest path in internet protocol, mapping localization, routing protocol, social 
network analysis and path planning [3, 4]. This model favors research as it is highly efficient in 
computing the shortest path of a complex network. Researchers, scientists, and engineers have widely 
used the algorithm in various applications. The algorithm may exist in many forms nowadays due to 
its wide application and many variants of the extended version of the Dijkstra algorithm modified for 
different application types. 

Much research has been done on optimizing and extending the Dijkstra algorithm. Dijkstra 
algorithm with multi-objective variant has been designed from terrain data to compute the optimal 
traversal in 3D surface [5, 6]. The computed path was obtained and implemented in the Global Rover 
Horizontal Optimization Planner (GRTOP) automation system to simultaneously set up optimized 
routes for multiple constraints. In another work, the Dijkstra algorithm has been modified with a 
vehicle emission measurement model and vehicle fuel consumption for a better driving experience 
[7, 8]. 

Dijkstra's algorithm can be used to find the shortest route between one city and all other cities. 
Widely used application of shortest path algorithms in network routing protocols, most notably IS-
IS (Intermediate System to Intermediate System) and OSPF (Open Shortest Path First). It is also 
a subroutine in other algorithms such as Johnson's. For example, if the nodes of the graph represent 
cities and edge path costs represent driving distances between pairs of cities connected by a direct 
road (for simplicity, ignore red lights, stop signs, toll roads and other obstructions). 

Fundamental of Dijkstra Algorithm 
The Dijkstra algorithm is a fundamental algorithm for the AGV path planning. AGVs are autonomous 
vehicles that are used in transportation of various industries, such as warehousing, manufacturing, 
healthcare and logistics. AGVs require to navigate through complicated environments with obstacles 
and multiple paths to reach the destinations accurately. 
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The Dijkstra algorithm is a shortest path algorithm that can find the shortest path between two 
nodes in a graph. In AGV path planning, the nodes represent the locations in the environment, and 
the edges represent the connections between them. The weights assigned to the edges represent the 
distance or travel time between the locations. 

The Dijkstra algorithm operated by starting at the source node and calculating the shortest path to 
all other nodes in the graph. It keeps track of the distances to each node and the shortest path that led 
to the target node. The algorithm then selects the node with the shortest distance and adds it to the 
traffic list of visited nodes. It repeats this process until it reaches the final target node. 

AGVs can use the Dijkstra algorithm to calculate the shortest path between the source location 
and the target location while avoiding obstacles and taking into account the AGV’s speed and 
acceleration constraints. The algorithm can also be adapted to handle dynamic environments, where 
the weights on the edges are variable based on the real-time situations. 

Overall, the Dijkstra algorithm is a fundamental algorithm for AGV path planning, as it can 
efficiently find the shortest path in complex environments with obstacles and multiple paths. 

Implementation of Algorithm 
Let the node at which the Dijkstra algorithm starts to be computed be called the initial node. Let 
the distance of node Y be the distance from the initial node to Y. Dijkstra's algorithm will initially 
start with infinite distances and will try to improve them step by step. Dijkstra model works 
effectively in finding the shortest path for various applications such as mapping, path planning, 
routing protocol and social network analysis. It is intended to configure the shortest-path issue for 
directed graphs with positive weights. Moreover, it can calculate graphs with the cycle as well. 
However, non-positive weights significantly impact efficiency by generating incorrect results. The 
setback of the conventional Dijkstra model is the latency issue which consumes high computing 
memory and time. This is mainly due to the computing parameter, including node, path, etc.  
 

 
 

Figure 1.  Dijkstra algorithm routing.  
a) Dijkstra computing process, b) results of Dijkstra shortest path finding. 

 
A traditional Dijkstra algorithm has been tested on a complex AGV network to determine its 

performance and setback. Fig. 1 (a) illustrates the computing process of the Dijkstra algorithm, while 
Fig. 1 (b) shows the results of the Dijkstra algorithm for four different nodes' weights. It can be 
concluded that the Dijkstra algorithm is best in finding the shortest path. However, it does not consider 
the traffic and unnecessary computing path. An unnecessary computing path produces higher memory 
consumption, which leads to longer computing time. The extended Dijkstra algorithm proposed in 
this paper eliminates the routing that provides possibilities of deadlock and collision. 
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Advantages of Extended Dijkstra algorithm in AGV path planning 
Extended Dijkstra algorithm contributes to a shorter computation time where AGVs often operate in 
time-critical environments, and path planning needs to be done promptly. The extended Dijkstra 
algorithm can be faster than the traditional Dijkstra algorithm, especially for larger networks, as it 
searches from both nodes the origin and target nodes at the same time. This reduces significantly the 
search space and can result in a shorter computation time. 

Additionally, the Extended Dijkstra algorithm able to reduce the memory usage. This benefits the 
AGVs typically the one with limited on-board memory, and extended Dijkstra algorithm anle to 
reduce memory usage as it only needs to use the storage for saving data on the nodes visited from 
each end. 

Real-time updates: AGVs can encounter unexpected obstacles or changes in the environment that 
require real-time path planning updates. The extended Dijkstra algorithm can allow for real-time 
updates as it only needs to update the path from the point of intersection, rather than recomputing the 
entire path. 

Improved efficiency: AGVs are often used in environments with complex structures, such as 
warehouses or manufacturing facilities. The extended Dijkstra algorithm can efficiently handle 
complex graphs with multiple paths between nodes, making it suitable for AGV path planning. 

Methodology 
Comparison analysis has been performed between both methods based on a simple AGV network, as 
in Fig. 2. 

 
Method 1: Traditional Dijkstra Algorithm 
The traditional Dijkstra Algorithm is derived from the Euclidean distance between adjacent nodes. 
Input: 
The shortest path obtained from a bidirectional graph as in Figure X with weights K = (N, W), all 

nodes set N, connected weighted edges set nodes W. 
The source node A. 
The target node D. 
Output: 
Length and shortest path from the source node A to the target node D. 
It can be predicted that d = (V, A, w) produce positive weight network, V = (v1, v2 , …, vn). 

Therefore, the minimum D (vi, vj) ∈ A will fulfill the equation as below: 
u1=0 
uj= minimum (uk+wkj) (j=2, 3, …, n) 

Thus, the shortest path from node v1 to a different node in D is determined from longest distance 
to nearest as follows: 
ui1≤ui2≤…≤uin 

Assuming i1=1, ui1=0, by substituting into equation (1), the results are as follows: 
uij=minimum{uik+wikij} 
k≠j 
= minimum {minimum{uik+wikij} minimum{uik+wikij}} 
(j=2, 3, …, n) 

The Adjacency matrix is defined as follows: 
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⎩
⎪
⎪
⎨

⎪
⎪
⎧

0 1 1 1 0 0 0 0
1 0 1 0 1 0 0 0
1 1 0 1 0 0 1 0
1 0 1 0 0 1 0 0
0 1 0 0 0 0 1 1
0 0 0 1 0 0 1 1
0 0 1 0 1 1 0 1
0 0 0 0 1 1 1 0⎭

⎪
⎪
⎬

⎪
⎪
⎫
𝐴𝐴
𝐵𝐵1
𝐵𝐵2
𝐵𝐵3
𝐶𝐶1
𝐶𝐶2
𝐶𝐶3
𝐷𝐷

 

The distance matrix is defined as follows 
𝐴𝐴 𝐵𝐵1 𝐵𝐵2 𝐵𝐵3 𝐶𝐶1 𝐶𝐶2 𝐶𝐶3 𝐷𝐷

⎩
⎪
⎪
⎨

⎪
⎪
⎧

0 1 1 1 ∞ ∞ ∞ ∞
1 0 1 ∞ 1 ∞ ∞ ∞
1 1 0 1 ∞ ∞ 1 ∞
1 ∞ 1 0 ∞ 1 ∞ ∞
∞ 1 ∞ ∞ 0 ∞ 1 1
∞ ∞ ∞ 1 ∞ 0 1 1
∞ ∞ 1 ∞ 1 1 0 1
∞ ∞ ∞ ∞ 1 1 1 0⎭

⎪
⎪
⎬

⎪
⎪
⎫
𝐴𝐴
𝐵𝐵1
𝐵𝐵2
𝐵𝐵3
𝐶𝐶1
𝐶𝐶2
𝐶𝐶3
𝐷𝐷

 

Adjacent matrix, distance matrix and correlation matrix are used to determine the shortest path on 
the Dijkstra network matrix in computer program and algorithm. However, the case in Figure X is 
simple to AGVs path routing. It uses Dijkstra to compute the shortest path between source node A 
and target node D. Numerous N*N arrays are identified to compute and store graphical data, where 
N represents the network node's count. When the count of N is large, it requires higher CPU memory. 
If there are 4000 nodes, it requires 64 MB memory; if there are 8000 nodes, it requires 256MB 
memory. This will give high latency to the system if multiple AGVs are waiting to compute the 
shortest path before executing a task. In this case, the Dijkstra algorithm is extremely difficult to 
implement in massive network analysis data. 

 
Method 2: Extended Dijkstra Algorithm 
As mentioned earlier, the extended Dijkstra is suggested to be implemented to decentralize AGV 

task distribution path planning. The capability to find the shortest paths from the nearest AGV node 
to the task node stops the algorithm once the shortest path to the destination node has been determined. 

The traditional Dijkstra algorithm has been used for several decades to compute the shortest path 
in a graph between two nodes by computing the distance matrix and adjacent matrix. The application 
is not only limited to computing the shortest path in a graph. It applies to any case with two defined 
parameters: adjacent and distance. The adjacent consists of the source node and target node. 

This paper's proposed extended Dijkstra algorithm is derived from the inversed multi-linear 
regression. The derivation enables multiple Dijkstra algorithms to compute simultaneously with 
fewer possibilities of collision and deadlock. Besides, the proposed extended Dijkstra is also 
applicable for various applications such as multicasting, internet protocol and routing. 
𝐷𝐷∗ = (𝐵𝐵 ∙ 𝐶𝐶) + 𝜀𝜀  

𝐷𝐷 =

⎩
⎪
⎨

⎪
⎧1

2
3
⋮
𝐾𝐾

 

if 𝐷𝐷∗ ≤ 𝜃𝜃1,          
if 𝜃𝜃1 < 𝐷𝐷∗ ≤ 𝜃𝜃2,
if 𝜃𝜃2 < 𝐷𝐷∗ ≤ 𝜃𝜃3

 
if 𝜃𝜃𝐾𝐾−1 < 𝐷𝐷∗      

 

𝑃𝑃(𝐷𝐷 = 𝑘𝑘|x) = 𝑃𝑃(𝜃𝜃𝑘𝑘−1 < 𝜃𝜃𝑘𝑘|x 
= 𝑃𝑃(𝜃𝜃𝑘𝑘−1 < 𝐵𝐵 ∙ 𝐶𝐶 + 𝜀𝜀 ≤ 𝜃𝜃𝑘𝑘) 
= 𝛷𝛷(𝜃𝜃𝑘𝑘 − 𝐵𝐵 ∙ 𝐶𝐶) − Φ(𝜃𝜃𝑘𝑘−1 − 𝐵𝐵 ∙ 𝐶𝐶) 

log ℒ(𝐵𝐵, 𝜃𝜃|𝐶𝐶𝑖𝑖, 𝑦𝑦𝑖𝑖) = �[𝑦𝑦𝑖𝑖 = 𝑘𝑘] log[Φ(𝜃𝜃𝑘𝑘−1 − 𝐵𝐵 ∙ 𝐶𝐶) − (𝜃𝜃𝑘𝑘−1 − 𝐵𝐵 ∙ 𝐶𝐶𝑖𝑖)]
𝐾𝐾

𝑘𝑘−1
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The proposed extended Dijkstra model is intended to be used in task distribution decentralization 
path planning for AGV with an extensive network. The proposed approach uses lower memory 
consumption, thus computing the shortest path faster than the conventional Dijkstra model. In 
addition, the proposed extended Dijkstra model can reduce collision and deadlock possibilities in 
multiple AGV network task distributions. 

Result 
Fig. 2 illustrates the computed results using traditional and extended Dijkstra algorithms. The 
comparison was performed for the AGV path planning network to compute from source node A to 
target node D. In the case of implementation, and multiple AGVs share the same network executing 
multiple tasks simultaneously. The path is computed using the traditional Dijkstra algorithm utilizing 
the shortest path. Therefore, the path is computed preferably to avoid passing by many nodes and, at 
the same time, maintain the shortest distance from source node A to target node D. This solution is 
designed for multiple AGVs task distribution path planning. 
 

 
Figure 2. Path-finding results.  

a) Traditional Dijkstra algorithm,       b) Extended Dijkstra algorithm. 
 

The computed path from origin A to destination D shown in Fig. 2 (a) path selected by Dijkstra 
algorithm using the shortest path but passing by common nodes and heavy traffic nodes which cause 
high possibilities of collision and deadlock if implemented in multiple AGVs network. Meanwhile 
for extended Dijkstra algorithm select the appropriate path while maintaining the shortest path 
without passing by heavy traffic nodes. 

There are few setbacks identified in Dijkstra algorithm implementation in multiple AGVs task 
distribution path planning, especially in long compute time if involved multiple nodes and distance. 
There are few possibilities of collision and deadlock since the computed path using the Dijkstra 
algorithm passes through commonly used nodes which refer to high traffic congestion nodes and 
paths. 

Simulation in Wolfram Mathematica shows traditional Dijkstra algorithm comsume 256MB, 60 
seconds, while extended Dijkstra algirithm consume 32MB, 7 seconds of memroy and computing 
time respectively for the same network. 

Conclusion 
An extended version of Dijkstra algorithm has been proposed in this paper for multiple AGV path 
planning solutions. The traditional Dijkstra algorithm is used to compute the shortest path between 
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the source node and target node. However, the extended Dijkstra able to compute faster and consume 
less memory compared to the traditional Dijkstra algorithm. Furthermore, the extended Dijkstra 
algorithm reduce the possibilities of collision and facilitate with deadlock prevention in multiple 
AGVs network. It is also suitable to be used in large network of AGVs for task distribution path 
planning. The extended algorithm has been validated through an experimental verification using 
turtlebots by considering the inputs from LiDAR sensor as an additional weight to the network. 
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