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Abstract 

Aiming at the problem that routing nodes in Lora wireless network are no longer fixed 
like traditional wireless network, but can change dynamically with the increase and 
failure of nodes, a routing protocol based on Dijkstra algorithm is proposed. This routing 
protocol introduces the weight function with node energy into Dijkstra algorithm. The 
Matlab simulation results show that compared with the traditional Dijkstra algorithm, 
Floyd algorithm and ant colony algorithm, this algorithm has good performance in 
network life cycle and load balancing. 
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1. Introduction 

LORA spread spectrum communication technology is a kind of wireless sensing technology with 

long distance, low power consumption and strong anti-interference. When using Lora wireless 

sensing technology to build ad-hoc network (ad-hoc), different from traditional wireless network, ad-

hoc router is no longer fixed, but changes dynamically with the addition and failure of new nodes, 

and cannot maintain a fixed path to be effective for a long time. Therefore, in the LORA self-

organizing network, when the source node and the target node need to communicate, the paths 

between nodes are allocated according to their needs. Many experts and scholars at home and abroad 

have done a lot of research on routing algorithms of wireless networks in view of the characteristics 

of LORA Ad Hoc Network. Li Hao et al. proposed an optimization method of wireless sensor network 

based on ant colony algorithm. Based on ant colony algorithm, he introduced the method of 

directional forwarding and secondary construction path to determine the optimal path of data 

transmission. 

 

Figure 1. Overall structure of the system 
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2. Wireless sensor network model 

The Lora wireless sensor network model, as shown in Figure 1, consists of terminal nodes and 

concentrators. Firstly, a self-organizing Mesh network with multi-hop temporary autonomy is 

composed of multiple terminal nodes via Lora wireless sensors. In the ad-hoc network, the system 

uses the LOLA wireless sensor network as the media and sends the information collected by the 

terminal node to the sink through multi-hop or single-hop. The concentrator then sends the aggregated 

information to the external Internet network. 

3. Research on Path Protocol 

3.1 Dijkstra algorithm 

Dijkstra algorithm is a classical single source shortest path algorithm, which is often used to solve 

the internal routing problem of wireless sensor networks. It is also a typical algorithm to solve the 

shortest path problem from the starting point to the source node. Dijkstra algorithm is the main 

characteristic of the greedy strategy, at the beginning of the start node, from far and near to search, 

when to traverse the node nearest node will be included in the selected node set, relaxation and for 

operation, and then continue to spread, until he had finished all the nodes in a network have search, 

not selected node set is empty. This finds the shortest path from the starting point to all the nodes. In 

order to clearly describe the working principle of Dijkstra algorithm, the following Dijkstra algorithm 

is described using the method of graph theory. Assuming that the directed weight graph has a total of 

n nodes and the node set is T, the calculation steps of Dijkstra algorithm are as follows: 

Step1: First, the node set T is divided into selected node set C and unselected node set O. Then an 

adjacency matrix P of order n is established to store the weights between nodes in a directed weighted 

graph. Where, P[i,j] represents the weight from node I to node j; if i =j, then P[I,j]=0; if I cannot be 

directly connected to j, then P[i,j]=∞; 

Step 2: Initialize, include the source node S into the selected node set C, delete the node S from O, 

take the weight information from the source node S to other nodes from P and store it in set H, and 

obtain H, C; 

Step3: select the node k nearest to the source node S by H as the new vertex, store node k in set C, 

delete node k in O, and update H and C; 

Step4: Continue to select the point L that is closest to the new vertex k from the unselected node set 

to perform relaxation operation, and check whether the distance from source node S directly to node 

L is less than the distance from S to other nodes to node L. Through relaxation operation, the nodes 

with a smaller distance are stored in set C, and set C, O and H are updated as in Step 3. 

Step5: Perform the above iterative process successively until all nodes are iterated, and C set is empty, 

that is, the shortest path from source node to other nodes is obtained. 

It is assumed that the local point network diagram of Lora terminal nodes is shown in Figure 2. In the 

figure, the edge weight represents the distance between nodes. Point A in the figure is the source node 

and point F is the target node represented by the concentrator. In order to obtain the optimal path 

between source node and target node, Dijkstra algorithm will be used to analyze it, as shown in Table 

1. 

 

Figure 2. To the right figure 
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As shown in Table 1, are the Dijkstra algorithm steps of the topology model of Lora terminal nodes 

in Figure 2. At the beginning, H only contains the weight information from the source node to all 

other nodes in the figure, H={0,1,12,∞,∞,∞}, Path={A}. Then, it extends outwardly from the source 

node layer by layer, and relaxes when adding other nodes on the Path from the source node to the 

target node. As can be seen from Table 1, when Dijkstra algorithm solves the optimal path from the 

source node to the target node, it always finds the optimal path from the source node to all nodes in 

the figure. When all nodes in the figure are searched, the algorithm ends and the optimal Path from 

source node A to target node F is obtained: PATH ={A,B,C,E,F}. 

 

Table 1. Dijkstra algorithm steps 

Steps H Optimal path 

1 H={∞,1,8,4,∞,∞} Path={A,B} 

2 H={∞,∞,9,4,14,17} Path={A,B,D} 

3 H={∞,∞,8,∞,13,∞} Path={A,B,C} 

4 H={∞,∞,∞,∞,13,17} Path={A,B,C,E} 

5 H={∞,∞,∞,∞,∞,17} Path={A,B,C,E,F} 

 

Based on the global traversal characteristic of Dijkstra algorithm, the accuracy of the algorithm is 

very high, and the optimal path from source node to target node can be calculated in any case, and 

the local optimal trap can be avoided. However, due to the global ergodic property of the algorithm, 

a large number of invalid calculations will be generated when calculating the weights of the source 

node and the target node, which wastes computing resources and slows down the calculation speed. 

Moreover, in the classical algorithm, the weight between nodes only considers the influence of 

distance on routing selection, and does not consider the influence of the residual energy of the next 

node on the network. The next section will improve the algorithm for this shortcoming of Dijkstra 

algorithm. 

3.2 A weight optimization 

Because this chapter mainly studies the inter-node routing protocol, as described in the previous 

section, the selection of inter-node routing is the optimal path to select the weight between source 

node and target node by Dijkstra algorithm. In sensor network, there may be multiple paths between 

the target node and the source node, and the choice of which path is used for data transmission is the 

key problem in wireless sensor network routing. If it is assumed that every link is the same, the route 

with the least hops or the shortest distance between the source node and the target node is directly 

selected as the routing path. In this way, the chosen path appears to have the least overhead, but it is 

not feasible in practice. In the path selection, not only hop number and transmission distance should 

be considered, but also node energy, link quality and geographical location. These factors may affect 

the quality of network transmission. Therefore, before choosing a route, the weights between nodes 

should be defined first. 

According to the analysis of terminal node, its energy consumption mainly includes: energy 

consumption of sensor unit, energy consumption of processor unit and energy consumption of 

wireless communication unit. The energy consumption of the sensor unit and the processor unit is 

related to the sensitivity of the sensor itself and the circuit design and cannot be changed. Compared 

to the other two, wireless communication units are more energy intensive and can be adjusted by 

routing choice. Assuming that the distance threshold between nodes is D0, the energy consumed by 

sending B-bit data to concentrator sink when the distance between nodes is D is obtained according 

to formula 1 of the energy consumption model: 

𝐸𝑡𝑥(𝐵, 𝑑) = 𝐸𝑡𝑥−𝑒𝑙𝑒𝑐(𝐵) + 𝐸𝑡𝑥−𝑎𝑚𝑝(𝐵, 𝑑) = 𝐵𝐸𝑒𝑙𝑒𝑐 + 𝐵(ε𝑓𝑥𝑑2 + ε𝑚𝑝𝑑4)       (1) 
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Where into 𝐸tx-elec(𝐵) represents the air consumption of wireless transmission,𝐸tx-amp represents the 

amplification consumption of signal sent by nodes, 𝜀mp  and 𝜀fs  represent the amplification 

parameters of signal amplifiers in multipath fading model and free space model, respectively, and 

Eelec represents the energy consumed by sending and receiving 1bit information. Since 𝜀mp, 𝜀fs and 

𝐸elec are all fixed quantities, the energy consumption is only related to B and 𝜀mp𝑑2 + 𝜀fs𝑑4. When 

selecting the next hop node for information transmission, the packet size, transmission distance and 

node energy must be considered. Therefore, the end-to-end weight calculation method of nodes is 

shown in Equation 2: 

𝑊（𝑖,𝑗） = 𝑙 × 𝐸(𝐵, 𝑑) = {
𝐵𝑙(𝐸𝑒𝑙𝑒𝑐 + ε𝑓𝑥𝑑2) + ∂

𝐸𝑖

𝐸𝑗
 𝑑 < 𝑑0

𝐵𝑙(𝐸𝑒𝑙𝑒𝑐 + ε𝑚𝑝𝑑4) + ∂
𝐸𝑖

𝐸𝑗
 𝑑 ≥ 𝑑0

           (2) 

Where, the value of parameter 𝜕  depends on the environment, and 𝐸𝑖  and 𝐸𝑗  represent the 

remaining energy of node I and j respectively. The premise for the terminal node to select the next-

hop node is that the remaining energy of the node is greater than the energy consumed from the node 

to the next-hop node. Path weight is the cumulative value of each hop weight from the source node 

to sink, as shown in Formula 3: 

𝑊(1,𝑛) =
1

𝑛
[∑ 𝑊(𝑖,𝑖+1)

𝑛−1
𝑖=1 + 𝑊(𝑛−1,𝑠𝑖𝑛 𝑘)]                    (3) 

Where, n represents the number of routing hops; 𝑊(𝑖, 𝑖 + 1) represents the overhead from the i-hop 

node to the next-hop node; 𝑊(𝑛 − 1, 𝑠𝑖𝑛 𝑘) represents the overhead from the n-1 hop node to the 

concentrator. 

4. The simulation results 

In the previous section, the principle of Dijkstra algorithm was studied, and the node energy was 

introduced into the weight function to replace the traditional Dijkstra algorithm which simply took 

the path distance as the weight between nodes. Here, the E-Dijkstra algorithm, the traditional Dijkstra 

algorithm, Floyd and ant colony algorithm with added weight were compared to verify the 

performance of the routing algorithm after the introduction of the new weight function. Table 2 shows 

the set simulation parameters, and Figure 3 shows the distribution diagram of MATLAB simulation 

nodes. 

 

Table 2. Simulation parameters 

Parameter Name Parameter Value 

Number of nodes 200 

Network range [1000,1000] 

Source node location [100,100] 

Initial node energy 1J 

Tolerance range 150 

Coefficient of free space 1.5 

εmp 0.0012nJ/bit/m4 

εfs 50pJ/bit/m2 

Energy factor 0.002 

 

Figure 4 shows the performance of different algorithms in terms of energy balance as the average 

energy of nodes changes with the increasing number of information sending rounds. The results show 

that the average energy of nodes of E-Dijkstra algorithm is always maintained at a higher state 

compared with other algorithms, so the algorithm has a great advantage in energy saving. The Lora 

self-organizing network using E-Dijkstra algorithm has a higher network life. 
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Figure 3. Node distribution 

 

 

Figure 4. Average energy of nodes 

 

Figure 5 to compare the different algorithms under the condition of the increasing number of 

information transmission wheel, death, the change of the number of nodes, can be seen from the 

diagram E - Dijkstra algorithm is one of the first nodes death round round about 1000 or so, half node 

death round number around 1460 round, all the nodes die more than 2000 rounds of rebirth and 

comparison with other algorithms of node death round number, E - Dijkstra algorithm effectively 

improves the network life cycle, better able to balance the node energy consumption. 
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Figure 5. Node death cycle 

 

5. Conclusion 

In this paper, the LORA wireless sensor network is studied, the LORA self-organizing network model 

is formulated, and the routing algorithm based on Dijkstra algorithm is proposed. In the Dijkstra 

routing algorithm, the node energy is introduced into the weight function to optimize the Dijkstra 

algorithm to improve the network life cycle and load balancing. Moreover, the E-Dijkstra algorithm 

was compared with other commonly used routing algorithms through Matlab simulation, and the 

superiority of E-Dijkstra algorithm was proved by comparing node death cycle and average energy 

of several algorithms. 
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