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Abstract: Topology control is an efficient strategy to improve robustness and connectivity 

in networks. The mobility of nodes, the limited node degree and fragile links in optical 

wireless communication (OWC) networks make topology control a great challenge. In this 

paper, the node-block (NB) based topology control algorithm is proposed. Firstly, the 

proposed algorithm uses the prediction of the contact time between the nodes as the link 

weight to form a stable tree structure that is called node-block; secondly, the quantized value 

based on Gamma-Gamma channel model is used as the link weight between node-blocks, 

and then a multi-link connection is established between any two node-blocks; finally, a 

connected graph is formed. The performance evaluation parameters, such as topological 

stability, algebraic connectivity and average node degree are discussed, and their expressions 

are given. The related simulations are carried out, and comparing with MST algorithm are 

also made. The results show that our proposed topology control algorithm can ensure the 

connectivity and stability of the OWC networks, meanwhile, the available node degree are 

reserved is applied to the large-scale networks. 

Keywords: Topology control; Node-Block; OWC networks; connectivity of network; node degree. 

1 Introduction 

Recently, optical wireless communication (OWC) has attracted more and more attentions 

due to high bandwidth, resistance to electromagnetic interference, high security, flexible 

networking etc. [1-3]. With the higher demand for QoS and capacity of mobile 

communications, it is necessary to construct OWC networks to guarantee communications 
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in time among multiple users. Topology control is an important part to design and plan OWC 

networks. 

In traditional wireless networks, there are mainly two perspectives of topology control 

[4]. The first one controls power to regulate the transmission range in order to reduce the 

interference between transmission links. An optimized topology control algorithm is 

proposed to create a power-efficient topology for wireless multi-hop networks [5]. Local 

minimum spanning tree (LMST) algorithms based on MST are proposed to increase the 

network capacity as well as reduce the energy [6], [7]. The other one is the selection of 

potential links. In [8], a Gabriel graph (G graph) algorithm is proposed to discuss the problem 

of describing geographic variation data and develop statistical method for categorizing sets 

of populations sampled from different localities. In [9], localized Delaunay triangulation 

with application is proposed in Ad Hoc wireless networks. 

In optical wireless communication networks (OWCNs), the topology control is 

significantly different than that in traditional wireless networks. An OWC node can carry 

only a limited number of transceivers due to size, weight, and power, which means a small 

degree of node [10]. And the small divergence angle of laser make it must be considered that 

an APT (acquisition, pointing and tracking) subsystem needs to track the fast moving target. 

Therefore, it is becoming more difficult to set up OWCNs. 

This paper mainly focuses on how to rapidly and efficiently construct network among 

multiple nodes in the middle and high-speed mobile applications. Considering the small 

divergence angle of laser, small degree of node, node-block (NB) based topology control 

algorithm (NB algorithm for short) is proposed. The algorithm includes two sub algorithms: 
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1) node-block formation algorithm; 2) topology formation algorithm among node-blocks. 

According to these two sub algorithms, the NB algorithm is divided into two steps to form 

a whole connected graph. First, taking the prediction of contact time as the link weight, a 

high stability tree structure is formed by a number of nodes with similar properties (such as 

moving trail, velocity, and position) and it is called node-block. Second, thinking of the 

node-block as a special node, the multi-link topology among these node-blocks is formed 

according to the link reliability weights, and then a connected graph is formed. The 

corresponding criteria are presented, including topological stability, algebraic connectivity, 

and average node degree, and they are used to measure network robustness, reliability, and 

connectivity. The related simulations are executed, and comparing with MST algorithm are 

also made in aspect of feasibility, effectiveness and stability. The results show that the 

proposed NB algorithm can achieve a high topology connectivity to form a stable topology 

structure in the case of limited node degree. 

The remainder of this paper is organized as follows. Section II introduces the system 

model and performance measures. Section III presents and analyzes the NB algorithm. Our 

simulation results and performance discussions are given in Section IV. Finally, Section V 

concludes this paper.  

2 System Model and Performance Measures 

2.1 Network Model 

Network topology is the arrangement of various elements (links, nodes, etc.) of a 

communication network, and it is the topological structure of a network. The topology use 

two types of nodes, the fixed node and mobile node, and it can be grouped into two 
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categories: static and dynamic [11]. In a static topology, the links between two nodes are 

passive and cannot be reconfigured for direct connections to other nodes. The dynamic 

topology network is generally characterized by distributed control topology, including 

planar structure and hierarchical structure, also known as layered structure and fully 

distributed structure. In this paper, we use a fully distributed structure model of wireless 

communication network in which all the nodes have the same status in the factors of network 

control, routing and traffic management, as shown in Fig. 1. 

  

Fig. 1. Fully distributed structure of mobile nodes in OWCNs 

In Fig. 1, the node-block is a tree structure formed by a number of nodes with similar 

properties (such as moving trail, velocity, and position), and it can reduce the number of 

physical links between nodes to save their node degree. Due to the small relative motion 

range of nodes, the node-block has a stable topology. 

For facilitating the analysis, we make the following hypotheses about nodes: 

⚫ Each node has a unique node ID (identification) and a node-block ID. 

⚫ Each node has K transceivers, also known as the node degree K of physical layer nodes. 

Block 1

Block 2

Block 3

Block 4

Block 5

Block 6
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⚫ The transmission power of each transceiver is adjustable to conserve energy and the 

longest transmission distance of each one is less R meters. 

⚫ The APT technology has been able to meet the needs of the model, which means that a 

link between the transmitter and the receiver can be established within the given time. 

⚫ Each node can obtain the local information from the neighboring nodes, including node 

ID, node-block ID, position, velocity, and acceleration. 

⚫ All nodes have the capability of host and router so that packets can be transmitted and 

received. 

2.2 Node Mobility Model 

In this paper, the smooth random mobility (SRM) model is used. Unlike other random 

models, SRM model better captures the individual movement behavior of the mobile users 

using a combined modeling of direction and speed control [12], [13]. The node in the model 

has its respective moving trail without interference with each other. The SRM model can 

correspond to the real-life scenarios as well as possible, such as the smooth speed and 

direction rather than the mutation.  

2.2.1 Speed control 

The concept for modeling the speed behavior of nodes is based on the use of target speed 

(the speed that a node intends to achieve) and linear acceleration [12]. The node moves at 

the current speed until a new target speed is determined by the random process; after that, it 

speeds up or slows down to the target speed, and then it moves at the constant speed. In this 

process, the motion state of a node at time 𝑡  can be described by the following three 

parameters: 
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⚫ 𝑣(𝑡): the current speed in 
𝑚𝑠 ; 

⚫ 𝑎(𝑡): the current acceleration in 
𝑚𝑠 2

; 

⚫ 𝑣 ′(𝑡): the current target speed in
𝑚𝑠 . 

The time between two-time steps is denoted as 𝛥𝑡. Then the term 1/𝛥𝑡 represents the 

time step number [12]. According to Newton's law of motion, in each time step (𝛥𝑡), the 

new current speed can be expressed as: 𝑣(𝑡) = 𝑣(𝑡 − 𝛥𝑡) + 𝑎(𝑡) ⋅ 𝛥𝑡                      (1)
 

until 𝑡 ′ time to reach the target speed, that is𝑣(𝑡 ′) = 𝑣 ′(𝑡). 

2.2.2 Direction control 

The principle for direction control is similar to the speed control principle and each node 

has an initial direction 𝜑0 = 𝜑(𝑡 = 0)  which is chosen from a uniform distribution 

over[0,2𝜋]. The direction behavior of a node at time 𝑡 can be controlled by the following 

three parameters: 

⚫ its current direction 𝜑(𝑡); 

⚫ its current direction changes 
𝛥𝜑(𝑡)𝛥𝑡  in 𝑠-1; 

⚫ its current target direction 𝜑′(𝑡). 

During the free space motion, the real-time direction of the node is: 𝜑(𝑡) = 𝜑(𝑡 − 𝛥𝑡) + 𝛥𝜑(𝑡)                         (2)
 

until 𝑡 ′ time to reach the target direction, that is𝜑(𝑡 ′) = 𝜑′(𝑡). 

In the SRM model, the moving path of single node is shown in Fig. 2. 
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Fig. 2. Single node moving path in SRM model 

2.3 Performance Measures 

We evaluate the performance of OWCNs through three parameters: topological stability, 

algebraic connectivity, and average node degree. 

2.3.1 Topological stability 

It is worthwhile to study whether a link disconnect before the next topology update in 

the node-blocks. We measure the topological stability by using the predictive and actual 

links among nodes. Specifically, we define the predicted edge set 𝐸 of a graph, and 𝑛(𝐸) 

denotes the number of elements in 𝐸. A subset 𝐸′ of 𝐸is defined to express these edges in 

actual operation and 𝑛(𝐸′)  is used to represent the number of elements in 𝐸′ . The 

topological stability can be expressed as: 

 𝜌 = 𝑛(𝐸′)𝑛(𝐸)  (3) 

From the above equation, the greater 𝜌 is, the more stable the topology is. 

2.3.2 Algebraic Connectivity 
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Connectivity is defined as the minimum number of nodes that must be removed to 

disconnect a network [10]. A common measure of network reliability is connectivity. As 

other invariants reflecting the capability of graph connectivity, the algebraic connectivity is 

considered as a quantitative measurement of graph connectivity. According to Fiedler, the 

algebraic connectivity of a graph 𝐺 can be expressed as the second smallest eigenvalue of 

its Laplacian Matrix𝐿(𝐺) [14][15], which is also called𝜆2(𝐿). The Laplacian Matrix𝐿(𝐺) 

can be expressed as [16] 

𝐿(𝐺) = 𝐷(𝐺) − 𝐴(𝐺)                            (4) 

where 𝐴(𝐺) is the adjacency matrix of graphs𝐺and 𝐷(𝐺) is diagonal matrix consisting of 

vertex degree of graphs𝐺. 𝐷(𝐺) is expressed as  

𝐷(𝐺) = 𝑑𝑖𝑎𝑔(𝑑(𝑣1), 𝑑(𝑣2), ⋯ , 𝑑(𝑣𝑛))                   (5) 

where 𝑑(𝑣𝑘) is the connection degree of the vertex𝑣𝑘. 

2.3.3 Average Node Degree 

For an OWCN with N nodes, the average node degree is expressed as [10] 

𝐷𝑎𝑣𝑔 = (∑ 𝑑(𝑖)𝑁𝑖=1 )𝑁                              (6) 

where 𝑑(𝑖) is the degree of node 𝑖. 
We use an average node degree as a parameter to measure the entire network connectivity 

from the perspective of the network topology.  

3 Toplogy Control Algorithm 

3.1 Node-Block Formation Algorithm 

3.1.1 Link Weight 
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In this section, we define the evaluation criteria of the link establishment in the node-block, 

which is the link weight. This algorithm is designed for the nodal mobility model to mainly 

overcome the problem of frequent changes in mobile network. So we consider it is 

appropriate that the contact time is used as the link weight. The contact time can be expressed 

as  

𝑇𝐿𝐴𝐵 = 𝑚𝑖𝑛𝑡{‖𝑋𝐴(𝑡) − 𝑋𝐵(𝑡)‖ > 𝑅}                          (7) 

where, 𝑋𝐴(𝑡) and 𝑋𝐵(𝑡) is the position of node A and node B at time 𝑡 respectively, 𝑇𝐿𝐴𝐵 is the time that node A and node B are connected before moving out of the transmission 

range of each other, and R is the maximum communication distance between nodes. 

We define the time threshold 𝑇𝑡ℎ, and if 𝑇𝐿𝐴𝐵 > 𝑇𝑡ℎ , it is stated that the link is stable 

before the next topology update, and the link becomes an alternative link. 𝑇𝑡ℎ is calculated 

by 

𝑇𝑡ℎ = 𝜆 𝑅�̂�                                   (8) 

where 𝜆 is the centrifugal coefficient and its value is the ratio of the average distance of all 

nodes to the maximum communication distance, �̂� is the average reverse speed between 

two nodes.  

There is a special equation for calculating the value of�̂�, if the velocity (�⃗�𝐴) of node A 

and the velocity (�⃗�𝐵) of node B are known.  

A B

2 2
2

0

ˆ= -

(1 cos ) sin
=

2

4

v v v

d
  

 





+ +

=



r r

                    (9) 
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where �̄� is the average speed of the nodes and 𝜃is the movement direction angle of the 

nodes. 

The current parameters of the nodes can be provided as position, speed, target speed and 

acceleration. The contact time 𝑇𝐿𝐴𝐵 can be obtained by calculating the link expiration time 

between the two nodes within the communication range. To calculate the contact time, the 

distance 𝐿(𝑡)  between two nodes at movement time 𝑡  needs to meet the following 

equation. 

𝐿(𝑡) = 𝑅                                 (10) 

In our algorithm, we calculate 𝑇𝐿𝐴𝐵 with two nodes (assuming node A and node B) as 

an example. We assume that the initial distance is 𝐿0 between node A and node B; the 

initial speed of node A and node B are 𝑣𝐴0 and 𝑣𝐵0 respectively; the acceleration are 𝑎𝐴 

and 𝑎𝐵 ; the target speed are 𝑣𝐴𝑡  and 𝑣𝐵𝑡 ; the time required for these two nodes to 

accelerate to the target speed are 𝑡𝐴 and 𝑡𝐵; and the moving distances of the acceleration 

phase are 𝑆𝐴0 and 𝑆𝐵0. After the acceleration or deceleration, the node will reach the target 

speed and then it will move at a constant speed. We calculate the 𝑇𝐿𝐴𝐵 as follows. 

Step1:𝐿0, 𝑆𝐴0, 𝑆𝐵0, 𝑡𝐴 and 𝑡𝐵 are calculated by: 

𝐿0 = ‖𝑋𝐴(𝑡0) − 𝑋𝐵(𝑡0)‖                         (11) 

𝑆𝐴0 = 𝑣𝐴𝑡2 −𝑣𝐴022𝑎𝐴 , 𝑆𝐵0 = 𝑣𝐵𝑡2 −𝑣𝐵022𝑎𝐵                       (12) 

𝑡𝐴 = 𝑣𝐴𝑡−𝑣𝐴0𝑎𝐴 , 𝑡𝐵 = 𝑣𝐵𝑡−𝑣𝐵0𝑎𝐵                         (13) 

Step2: 𝑇𝐿𝐴𝐵 is calculated in the following four cases: 
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(1) For 𝑆𝐴0 + 𝑆𝐵0 + 𝐿0 < 𝑅 and 𝑡𝐴 ≥ 𝑡𝐵, the speeds of node A and node B have been 

accelerated to the target speed, and then these two nodes bear a constant speed 𝑣𝐴𝑡 and 𝑣𝐵𝑡, 

respectively. The distance 𝐿(𝑡) can be obtained by 

𝐿(𝑡) = 𝑆𝐴0 + 𝑆𝐵0 + 𝑣𝐵𝑡(𝑡𝐴 − 𝑡𝐵) + (𝑣𝐴𝑡 + 𝑣𝐵𝑡)𝑡 + 𝐿0               (14) 

where 𝑡 is the time for node A moving at a constant speed 𝑣𝐴𝑡. 

Substituting 𝐿(𝑡) into Eq. (10) to get 𝑡, 𝑇𝐿𝐴𝐵 can be obtained by: 

𝑇𝐿𝐴𝐵 = 𝑡𝐴 + 𝑡                                (15) 

(2) For 𝑆𝐴0 + 𝑆𝐵0 + 𝐿0 < 𝑅and𝑡𝐴 < 𝑡𝐵, the distance 𝐿(𝑡) can be obtained by:  

𝐿(𝑡) = 𝑆𝐴0 + 𝑆𝐵0 + 𝑣𝐴𝑡(𝑡𝐵 − 𝑡𝐴) + (𝑣𝐴𝑡 + 𝑣𝐵𝑡)𝑡 + 𝐿0                 (16) 

where 𝑡 is the time for node B moving at a constant speed 𝑣𝐵𝑡. 

Substituting 𝐿(𝑡) into Eq. (10) to get 𝑡, 𝑇𝐿𝐴𝐵 can be obtained by: 

𝑇𝐿𝐴𝐵 = 𝑡𝐵 + 𝑡                                (17) 

(3) For 𝑆𝐴0 + 𝑆𝐵0 + 𝐿0 ≥ 𝑅 and𝑡𝐴 ≥ 𝑡𝐵, it is indicated that at least one of the two nodes 

does not accelerate to the target speed when they are within the scope of direct 

communication. First, we discuss that node B completes the acceleration and executes 

uniform rectilinear movements, and that node A will continue to accelerate. So, when node 

B completes the acceleration, the movement distance 𝑆𝐴0′  of node A can be obtained by: 

𝑆𝐴0′ = 𝑣𝐴0𝑡𝐵 + 12 𝑎𝐴𝑡𝐵2                          (18) 

⚫ For 𝑆𝐴0′ + 𝑆𝐵0 + 𝐿0 < 𝑅, the distance 𝐿(𝑡) can be obtained by: 

𝐿(𝑡) = (𝑣𝐴0𝑡 + 12 𝑎𝐴𝑡2) + (𝑆𝐵0 + 𝑣𝐵𝑡(𝑡 − 𝑡𝐵)) + 𝐿0                (19)  

where 𝑡 is the time for node A at the acceleration stage. 

Substituting 𝐿(𝑡) into Eq. (10) to get 𝑡, 𝑇𝐿𝐴𝐵 can be obtained by: 
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𝑇𝐿𝐴𝐵 = 𝑡                                 (20) 

⚫ For 𝑆𝐴0 + 𝑆𝐵0 + 𝐿0 ≥ 𝑅, the distance 𝐿(𝑡) can be obtained by: 

𝐿(𝑡) = (𝑣𝐴0𝑡 + 12 𝑎𝐴𝑡2) + (𝑣𝐵0𝑡 + 12 𝑎𝐵𝑡2) + 𝐿0                   (21) 

where 𝑡 is the time for node A at the acceleration stage. 

Substituting 𝐿(𝑡) into Eq. (10) to get 𝑡, 𝑇𝐿𝐴𝐵 can be obtained by: 

𝑇𝐿𝐴𝐵 = 𝑡                                   (22) 

(4) For 𝑆𝐴0 + 𝑆𝐵0 + 𝐿0 ≥ 𝑅 and𝑡𝐴 < 𝑡𝐵, in the same way, the movement distance 𝑆𝐵0′  

of node B at the time of the completion of the accelerated node A can be obtained by: 

𝑆𝐵0′ = 𝑣𝐵0𝑡𝐴 + 12 𝑎𝐵𝑡𝐴2                            (23) 

⚫ For 𝑆𝐴0 + 𝑆𝐵0′ + 𝐿0 < 𝑅, the distance 𝐿(𝑡) can be obtained by: 

𝐿(𝑡) = (𝑆𝐴0 + 𝑣𝐴𝑡(𝑡 − 𝑡𝐴)) + (𝑣𝐵0𝑡 + 12 𝑎𝐵𝑡2) + 𝐿0                (24) 

where 𝑡 is the time for node B at the acceleration stage. 

Substituting 𝐿(𝑡) into Eq. (10) to get 𝑡, 𝑇𝐿𝐴𝐵can be obtained by: 

𝑇𝐿𝐴𝐵 = 𝑡                                  (25) 

⚫ For 𝑆𝐴0 + 𝑆𝐵0′ + 𝐿0 ≥ 𝑅, the distance 𝐿(𝑡) can be obtained by: 

𝐿(𝑡) = (𝑣𝐴0𝑡 + 12 𝑎𝐴𝑡2) + (𝑣𝐵0𝑡 + 12 𝑎𝐵𝑡2) + 𝐿0                 (26) 

where 𝑡 is the time for node B at the acceleration stage. 

Substituting 𝐿(𝑡) into Eq. (10) to get 𝑡, 𝑇𝐿𝐴𝐵 can be obtained by: 

𝑇𝐿𝐴𝐵 = 𝑡                                  (27) 

3.1.2 Algorithm Description 
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The node-block formation algorithm is one of the core algorithms, and its feature is that 

a node-block with tree structure is formed according to the contact time 𝑇𝐿𝐴𝐵  between 

nodes. The node-block formation algorithm is presented in Table I, and the detailed steps 

are as follows. 

Step1: Node initialization, i.e. to determine their initial position, velocity, acceleration, and 

node degree, and to set their own node IDs as the node-block IDs (after the 

initialization is completed, each node as a node-block and its node-block ID equals 

its node ID).  

Step2: Each node (assuming node A) using APT subsystem obtains the information of an 

available neighbor node (assuming the neighbor node B). The information includes 

the current position, node degree, velocity, acceleration, and target speed. 

Step3: According to the acquired information, node A determines whether the node-block 

ID of Node B is in line with its own. If it is, it means node A and node B belong to a 

same node-block, and then node A selects the next neighbor node (jump to Step2); 

otherwise, node A calculates the contact time 𝑇𝐿𝐴𝐵. 

Step4: Comparing 𝑇𝐿𝐴𝐵 with the threshold time𝑇𝑡ℎ, if𝑇𝐿𝐴𝐵 > 𝑇𝑡ℎ, this link is chosen as an 

alternative link, and then node A continues to proceed to the next step; otherwise, 

node A selects the next neighbor node (jump to Step2). 

Step5: Node A sends a building request (BSEQ) to node B, and informs 𝑇𝐿𝐴𝐵 to node B. 

In this step, if node A also receives the BSEQ sent by node B at the same time, the 

two nodes need to use binary back off algorithm to avoid the collision. And then node 

A continues to proceed to the next step. 
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Step6: Node B calculates the contact time 𝑇𝐿𝐵𝐶  (𝑇𝐿𝐵𝐶 indicates that node B keeps the 

contact time with its own node-block (assuming Block-C)). Comparing 𝑇𝐿𝐴𝐵 

and𝑇𝐿𝐵𝐶, if 𝑇𝐿𝐴𝐵<𝑇𝐿𝐵𝐶, node B sends a building rejection (BREJ) to node A to reject 

this request; otherwise it sends a building ACK (BACK) to node A. If receiving 

BREJ, node A reselects the next neighbor node (jump to Step2); if receiving BACK, 

node A establishes a link with node B, and continues to the next step. 

Step7: Compare the node-block ID of node A with node B. If the node-block ID of node B 

is less than that of node A, change the node-block ID of node A to the node-block ID 

of node B; vice versa. 

Step8: Broadcast the data packets of “block ID change instruction” to other members of the 

same node-block, and other nodes in the node-block to change their own node-block 

ID after receiving the message. 

Step9: Node A continues to select the next neighbor node (jump to Step2). Until all the 

neighbor nodes have been traversed, the algorithm ends. 

TABLE I 
Node-Block Formation Algorithm 

1: Wait for awakening; 
2: Read neighbor information, including node ID, node-block ID, position, velocity, 

acceleration, target speed; 
3: WHILE (there is still neighbor node for the group) 
4:   IF (node does not belong to the same node-block) 
5:     Calculate the contact time TLAB; 
6:     IF (TLAB is higher than the threshold time Tth) 
7:       Calculate the contact time TLBC of node B with its own node-block; 
8:       IF (TLAB is higher than TLBC) 
9:         Establish a link; 

10:         Modify relative information; 
11:       END 

12:     END 

13:   END 
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14: END 

3.2 Topology Formation Algorithm among Node-Blocks  

3.2.1 Link Weight 

Through node-block formation algorithm, the links that belong to the same node-block 

are stable. However, the links among node-blocks may be become brittle, because the nodes 

that belong to different node-block have different properties (such as moving trail, velocity, 

and position). In order to ensure the stability of the links among node-blocks, the link 

reliability will be considered in mobile OWC networks. The link weight is determined by 

the link reliability of the atmospheric channel model, that is the Gamma-Gamma channel 

model.  

Given a threshold of channel state h0, the link reliability is expressed as [8] 

𝐿𝑖𝑗 = ∫ 2(𝛼𝛽)𝛼+𝛽2
ℎ
~𝛤(𝛼)𝛤(𝛽) (ℎ

ℎ
~)𝛼+𝛽2 −1 𝐾𝛼−𝛽 (2√𝛼𝛽 ℎ

ℎ
~) 𝑑ℎ

∞

ℎ0  

    = 𝛼𝛽
ℎ
~𝛤(𝛼)𝛤(𝛽) (𝛼𝛽 ℎ0

ℎ
~ )𝛼−𝛽2 𝐺1,33,0 (𝛼𝛽 (ℎ0

ℎ
~ )| − 𝛼+𝛽21 − 𝛼+𝛽2 , 𝛼−𝛽2 , 𝛽−𝛼2 )        (28) 

where, Kφ(.) is the modified Bessel function of the second kind of order; Γ(.) is the gamma 

function; α and β are parameters that are related to distance, aperture diameter, and 

atmospheric conditions; h denotes the channel state; and ℎ
~

 is a scale parameter that is 

related to geometric spread loss and path attenuation. The Meijer G-function can be used to 

solve above equation. 

We assume that the links are symmetric, i.e., 𝐿𝑖𝑗 = 𝐿𝑗𝑖 for all 𝑖 ≠ 𝑗. According to the 

adopted channel model, the link weight 𝜔𝑖𝑗 is as follows:  

𝜔𝑖𝑗 = {𝐿𝑖𝑗 ,   𝐿𝑖𝑗 ≥ 𝐼𝑡ℎ0 ,     𝑜𝑡ℎ𝑒𝑟𝑠                              (29) 
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where 𝐼𝑡ℎ is the connection threshold and its value is determined by the topology update 

cycle, the relative speed of nodes, and numbers of the links among node-blocks.  

3.2.2 Algorithm Description 
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Fig. 3. Priority queue matrix𝑃and its priority queue 𝑝𝑖𝑗 

In this algorithm, the node-block is considered as a special node and the links among 

node-blocks are established, and then a connected graph is formed ultimately. We assume 

that the maximum number of links between arbitrary two node-blocks is x, and that each 

node-block knows its neighbor node-block information. In order to select these links 

between arbitrary two node-blocks, firstly the priority queue matrix 𝑃 is set as shown in 

Fig. 3, where 𝑀 equals the number of all the node-blocks. The matrix element is a priority 

queue 𝑝𝑖𝑗  size of x, where 𝑖  and 𝑗  are the node-block ID, and all the links 𝐿(1), 𝐿(2) ⋯ 𝐿(𝑥) in 𝑝𝑖𝑗 sort by its link weight 𝜔1, 𝜔2 ⋯ 𝜔𝑥 from smallest to largest.  

The topology formation algorithm among node-blocks is presented in TableⅡ. We take 

Block-A for example, and all the nodes 𝐴1, A2 ⋯ 𝐴𝑖 ⋯ 𝐴𝑘  inside Block-A execute this 

algorithm, where 𝑘  is the number of nodes inside Block-A. The detailed steps are as 

follows: 

Step1: Node 𝐴𝑖  determines its node degree. If node 𝐴𝑖  has no remaining node degree, 

node 𝐴𝑖 has been executed, jump to step5; otherwise continue to the next step. 

Step2: Node 𝐴𝑖 finds all the neighbor node-blocks, and then selects the neighbor node with 
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the maximum link weight from each neighbor node-block, and adds them to its own 

neighborhood node set (VA).  

Step3: Node 𝐴𝑖 determines whether VA is empty. If it is empty, node 𝐴𝑖 has been executed, 

and the operation of the priority queue𝑝𝐴𝐵 has completed to get the links between 

Block-A and Block-B, jump to Step5. Otherwise node 𝐴𝑖 takes a node (such as node 

B belonging to Block-B) from VA with the link weight𝜔𝐴𝐵. 

Step4: Node 𝐴𝑖  compares 𝜔𝐴𝐵  and the minimum link weight in𝑝𝐴𝐵 . If 𝜔𝐴𝐵  is greater 

than this minimum value, this link between Block-A and Block-B is added to𝑝𝐴𝐵. 

Otherwise, back to Step3.  

Step5: Until all the nodes inside Block-A are traversed, all the links in 𝑝𝐴1 ⋯ 𝑝𝐴𝐵 ⋯ 𝑝𝐴𝑀 

between Block-A and other node-blocks can be obtained, and then connect all the 

links. The topology formation between Block-A and other node-blocks has 

completed. 

TABLE Ⅱ 

Topology Formation Algorithm among Node-Blocks 

1: IF (Node 𝐴𝑖 has its remaining node degree) 
2:  Finds available neighbor nodes and add them to its neighbor node set VA; 
3:   WHILE (VA is not null) 
4:     Take a node from VA with the maximum link weight 𝜔𝐴𝐵; 
5:     IF (𝜔𝐴𝐵is greater than the minimum value of link queue 𝑝𝐴𝐵) 
6:       Add the link to the link queue 𝑝𝐴𝐵; 
7:     END 

8:   END 

9: END 
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4 Simulations and Analysis 

Performance measures are discussed and defined in Section II. In the section, we show the 

simulation and analysis results. All 100 nodes generated with random are located in a 

10km*10km square. Each node has K (3~23) transceivers that can be used to build links 

with other nodes and its maximum transmission distance is 2km. The time threshold Tth = 

60s and the simulation time T = 600s. The moving paths of the 100 nodes in SRM model are 

shown in Fig. 4. 

 

Fig. 4. Moving paths of 100 random nodes in SRM model 

From Fig. 4, the black point represents the initial position of the nodes. The results show 

that all the nodes are moving independently and have no mutation direction. Thus, this model 

can basically meet the need for simulation work to adapt to the real environment. 

4.1 Node-Block Formation Algorithm 

4.1.1 Simulation Results 
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In topology update period T=60s, the topology of node-block is shown in Fig. 5. The 

internal topology of the node-block is a tree structure or a single node. For examples, in Fig. 

5, the nodes whose node IDs are 6, 18, 68, 63, 11, 32, 96 belong to the same node-block, and 

the single node whose node ID is 69 belongs to a node-block. And there is only one path 

between any two nodes in the same node-block, which can save the number of limited 

transmitter and receiver. Due to the tree structure and the small relative motion between the 

nodes in the same node-block, the topology structure is constructed with high robustness and 

more residual node degree.  

 

Fig. 5. Topology of node-block 

4.1.2 Topological Stability of Node-Blocks 
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Fig. 6. Topological stability of node-blocks 

The time threshold Tth = 60s, and the update period of topology are set as T= 1s, 20s, 40s 

and 60s. The topological stability of node-block is obtained by simulation, as shown in Fig. 

6. The results show that when T= 1s, the most stable node-block is obtained. With the 

increase of T, the stability of the node-blocks is decreased. Even if the topology update cycle 

is 60s, the topological stability of node-blocks is also above 0.8. It means that more than 

80% of the links have not been broken after 60s and this node-block is also stable. However, 

the topological stability of these node-blocks can increase to 1 after topology update, and it 

means the topology is still stable after update. We can see that the predicted results are in 

agreement with the theory results. That is to say, the topology is stable after update. But in 

the remaining time, the nodes in the node-block may move out of the node-block, namely 

some links in the original node-block disconnect due to the node movement, and the 

topological stability of node-block becomes small. This is the impact of the prediction, but 

it will not be accumulated over time and will be eliminated after update. 

4.2 Topology Formation Algorithm among Node-Blocks 
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4.2.1 Simulation Results 

 

Fig. 7. Topology of connected graph 

After the first step of the “node-block formation algorithm”, all of the node-blocks have 

been formed. Each node in the node-block has the same node-block ID that is the minimum 

ID for member nodes. The second step “topology formation algorithm among node-blocks” 

will be executed between arbitrary two node-blocks, and ultimately a complete connected 

graph is formed, as shown in Fig. 7. The number represents the ID of node-block. The solid 

lines are all the links of nodes in the same node-block, and the dotted lines are the topological 

connections among the node-blocks. 

4.2.2 Topological stability of connected graph 
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Fig. 8. Topological stability of connected graph 

We analyze the topological stability of the connected graph with topology update period 

T=1s, 10s, 20s, 30s, 40s, 50s, 60s and 70s respectively, as shown in Fig. 8. The results show 

that the topological stability decreases with the increase of T, but the topological stability is 

still high. When T=70s, its topological stability still maintains at more than 0.8. 

4.3 Algorithm Analysis 

4.3.1 Algebraic Connectivity 

We simulate the algebraic connectivity of the connected graph formed by the NB 

algorithm, and compare it with the typical topology formation algorithm, MST (Minimum 

Spanning Tree) algorithm, as shown in Fig. 9. The node degree for the simulation is K=3, 
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and the number of nodes is N=100, 150 and 200. Simulation results show that the algorithm 

presented in this paper has a great advantage over the MST algorithm in algebraic 

connectivity, which is about 0.02. As known that the higher the algebraic connectivity is, the 

higher the topology connectivity is. At the same time, the relationship between the number 

of nodes and the algebraic connectivity is also compared, which shows that the algebraic 

connectivity gradually decreases with the increase of the size of the network. That is to say, 

the nodes far apart will not be able to establish a direct link with the increasing of nodes 

number. At this time, the network no longer guarantees that any two nodes have a direct link 

as the small network is.  

 

Fig. 9. Comparison of algebraic connectivity between NB and MST Algorithm 

We also simulate the influence of the maximum degree of nodes on the algebraic 

connectivity by the NB algorithm, and compare it with MST algorithm, as shown in Fig. 10. 

The node degree for the simulation is K=3~23, and the number of nodes is N=100. The 

topology formed by MST is tree structure and no loop, and it has one, and only one path 

between any two nodes, moreover, its algebraic connectivity is relatively small and 
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unchanged with the increase of the maximum degree of nodes. However, the algebraic 

connectivity of NB algorithm increases with the maximum degree of nodes. When the node 

degree is relatively small (less than 10), the algebraic connectivity increased faster, but when 

the node degree increases to a certain number, the algebraic connectivity almost no longer 

increases. The reason is that all the adjacent nodes have been connected with the increasing 

maximum degree of nodes. Based on the result of algebraic connectivity analysis, the NB 

algorithm can guarantee the connectivity of the topology. 

 

Fig. 10. Comparison of algebraic connectivity between different node degrees 

4.3.2 Average Node Degree 

The average node degree of connected graph is calculated according to Eq. (6), and it is 

closely related to the network topology connectivity. The node degree for the simulation is 

K=3, and the number of nodes is N=100, as shown in Fig. 11. It can be seen that the average 

node degree of the MST algorithm is 0.99, and that of the NB algorithm maintains on the 

domain (2, 2.5), which is smaller than the upper bound of the node degree. From this 

simulation results, the available node degrees are reserved for the nodes to join, and the node 
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degree also has not been wasted to enhance the connectivity of whole networks, so the NB 

algorithm is better than the MST algorithm. 

 

Fig. 11. Comparison of average node degree between NB and MST algorithm 

5 Conclusions 

Due to the limited divergence angle of laser beam, a few node degrees, and the 

performance limitations of APT, the study of fast and efficient networking for mobile 

OWCNs faces many challenges. In this paper, an OWCN topology control algorithm, NB 

algorithm, is proposed. According to the link weight determined by the predictive value of 

the contact time between any two nodes, the first sub algorithm (i.e. node-block formation 

algorithm) is presented to form a relatively stable node-block composed of a number of 

nodes with similar properties (such as moving trail, velocity, and position). And then the 

second sub algorithm (i.e. topology formation algorithm among node-blocks) is presented, 

where the quantized value based on Gamma-Gamma channel model is used as the link 

weight between node-blocks. That is to say, due to the different properties between two 
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nodes that belong to different node-blocks, the link becomes fragile and a multi-link 

connection is adopted between any two node-blocks. 

Compared to the Random Waypoint Model, the SRM model is used in this algorithm to 

ensure the facticity and authenticity. In order to evaluate the stability of the OWCNs, 

topological stability is used as a measure of robustness. The simulation results show that the 

topological stability can be maintained at more than 0.8. In order to analyze the reliability of 

the OWCNs, algebraic connectivity and average node degree are adopted. Comparison with 

MST algorithm is also made. Simulation results show that our NB algorithm has an obvious 

advantage over the MST algorithm in aspect of algebraic connectivity, which is about 0.02. 

Theoretical analysis and simulation results show that the NB algorithm has obvious 

advantages on the conditions of mobile environment and the limited node degree, which can 

effectively solve the problem of uneven distribution of topology connectivity degree. 

Therefore, our proposed algorithm is feasible and effective for mobile OWCNs. 
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Figure 5

Topology of node-block



Figure 6

Topological stability of node-blocks

Figure 7

Topology of connected graph



Figure 8

Topological stability of connected graph

Figure 9

Comparison of algebraic connectivity between NB and MST Algorithm



Figure 10

Comparison of algebraic connectivity between different node degrees

Figure 11

Comparison of average node degree between NB and MST algorithm


