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Abstract: In this paper, a novel adjustment scheme of the position-predicted period (PP: position-
predicted period) in indoor VLC network is proposed. The scheme is adaptive to the movement speed. It 
contains two key parts: speed-adaptive PI collection (PI: position information) and speed-adaptive PP 
adjustment. By user’s mobile characteristics, speed-adaptive PI collection is realized to lift prediction 
accuracy. By distribution characteristics of received power, speed-adaptive PP adjustment is achieved to 
avoid unnecessary predictions. The AP selection based on position prediction can effectively improve 
the user’s transmission rate. By the AP selection based on position prediction and the PP adjustment 
scheme adaptive to movement speed, the user’s transmission quality under different movement speeds 
can be improved. Finally, by simulation, the effectiveness of this scheme is demonstrated. 
Keywords: VLC, collection period, stay time, position-predicted period   

1 Introduction 

Visible light communication (VLC) is currently one of the most promising research fields 

in wireless communication [1]. Since the coverage area of VLC access points (AP) is limited, 

the user’s mobility may cause the degradation in the user’s data rate and link interruption. 

Naturally, how to avoid link interruption and improve transmission quality of mobile users has 

been the research focus on indoor VLC networks [2]. The AP selection based on position 

prediction is one of the most effective methods to achieve this goal [3,4]. 

Dastgheib M A et al. proposed a mobility-aware resource allocation algorithm in VLC 

networks. By considering the user’s future position and handover efficiency, the algorithm 

determines the APs of users in the next time slot [3]. Rong Z et al. proposed an anticipatory 

association algorithm in indoor VLC network. By considering the user’s future position and 

transmission traffic, the algorithm prepares the APs for users in advance [4]. Mishra et al. 

proposed a handover scheme based on position prediction to realize seamless switching 

between APs [5]. Lu Li et al. proposed mobility-aware load balancing scheme in hybrid VLC-

LTE networks. The scheme allocates APs for users according to the user’s movement direction 

[6]. The above research uses a fixed scheduling period for position prediction and AP selection. 

However, the movement speed of the user in the indoor environment is different. The use of a 



uniform prediction period at different speeds will affect the real-time performance of AP 

selection. Therefore, the setting of the prediction period should consider the movement speed. 

At different movement speeds, the two main factors that affect the real-time performance of AP 

selection are: the collection period of position information and the prediction period of position 

information. 

To collection period of position information (PI: Position Information), longer collection 

period cannot capture the user's position changes in time. Shorter collection period will generate 

a lot of signaling overhead and increase the energy consumption of the system. So, an 

appropriate period of PI collection is crucial. Mishra et al. used the length of the superframe as 

a collection period to obtain the user’s position information [5]. Fazio et al. analyzed the 

relationship between the collection period and the iterative steps of the predictor. They found 

that when the collection period increases, the autocorrelation of position information decreases, 

and the predictor's dependence on historical data will increase [7]. P Katsikouli et al. conclude 

that when the collection period is constant, the average error incurred by trajectories 

reconstructed from periodic samples scales linearly [8]. H. Kao et al. proposed an adjustment 

mechanism of measurement frequency to determine the next time of mobility measurement to 

reduce power consumption [9]. At present, the setting of the PI collection period for different 

movement speeds has not been studied in indoor VLC networks. 

To position-predicted period (PP: position-predicted period), the research on this problem 

has not been published. The prediction period of position information will affect the 

transmission quality of mobile users. Longer prediction period will lead to delayed handover. 

Shorter prediction period will produce frequent predictions and increase the computational 

workload of the system. So, adjusting the period of PI prediction reasonably is very important 

to avoid unnecessary predictions. 

To above problems, this paper will study the adjustment scheme of the position-predicted 

period under different movement speeds to improve prediction accuracy, avoid unnecessary 

predictions and improve the transmission quality of mobile users. 

2 System model and IEEE 802.15.7 MAC protocol 

2.1 The indoor scenario model 
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The indoor scenario model is shown in Figure 1. The size of the model is 18m×18m×3m. 

9 VLC AP are installed on the ceiling of the model. Coordinator is the control center of the 

indoor VLC model [10]. It is responsible for sending periodic beacon frame, dividing superframe 

structure, GTS (Guaranteed Time Slot) allocation and management, etc. 

 

Figure 1 The indoor scenario model 

2.2 The indoor VLC channels model 

For LOS link, the lighting signal reaches the receiver directly without being affected by 

blocking or reflection. The channel gain of the LOS link between the 𝑖𝑡ℎ AP (𝐴𝑃𝑖) and the 𝑗𝑡ℎ user device (𝑈𝐸𝑗) is given by [11]: 𝐻𝐿𝑂𝑆,𝑖𝑗 =
{ (𝑚+1)𝐴2𝜋𝑑𝑖𝑗2 𝑐𝑜𝑠𝑚(𝜙𝑖𝑗)𝑔𝑓𝑔(ψ𝑖𝑗) cos(ψ𝑖𝑗),       0 ≤ ψ𝑖𝑗 ≤ Ψ𝑐  0,                                                              ψ𝑖𝑗 ≥ Ψ𝑐     

(1) 

Among them, A represents the effective receiving area of the receiver. 𝑑𝑖𝑗 represents the 

distance between the 𝐴𝑃𝑖  and the 𝑈𝐸𝑗 . 𝜙𝑖𝑗  represents the radiance angle of the 𝐴𝑃𝑖 . ψ𝑖𝑗 

represents the incidence angle of the  𝑈𝐸𝑗 . 𝑔𝑓  is the gain of the optical filter. Ψ𝑐   is the 

receiver field of view (FOV).  𝑔(ψ𝑖𝑗) is the optical concentrator gain. 𝑚 is the Lambertian 

order. 𝜙1/2 is the half-intensity angle. 

The SINR of the VLC channel is computed as follows [12]: 



𝑆𝐼𝑁𝑅𝑖,𝑗 = 𝑘2(𝑃𝑡𝐻𝐿𝑂𝑆,𝑖𝑗)2𝑙2𝑁𝐵+𝑘2 ∑ (𝑃𝑡𝐻𝐿𝑂𝑆,𝑚𝑗)2𝑚𝜖𝑆𝑗                       (2) 

Among them, 𝑃𝑡  represents the transmitted optical power. 𝑘  denotes the optical-to-

electrical conversion efficiency. 𝑙 is the ratio of average transmitted optical power and square 

root of the electric power of signals without DC bias. 𝑁  is the power spectral density of 

receiver noise. 𝐵 is the bandwidth. 𝑆𝑗 is the set of APs that cause interference at the receiver 

of 𝑈𝐸𝑗. The available data rate between 𝐴𝑃𝑖 and 𝑈𝐸𝑗 is given as follows: 𝑅𝑖,𝑗 = 𝐵𝑙𝑜𝑔2(1 + 𝑆𝐼𝑁𝑅𝑖,𝑗)                       (3) 

2.3 IEEE 802.15.7 MAC protocol 

In 2011, IEEE 802.15.7 standard was proposed for short-range wireless communication 

using visible light. It supports two access modes: beacon-enabled and non-beacon-enabled [13]. 

In the non-beacon-enabled access mode, the coordinator uses the superframe structure to limit 

the channel time. The superframe structure is divided into an active part and an inactive part. 

Active part is divided into beacon, competitive access period (CAP) and non-competitive 

access period (CFP), as shown in Figure 2. There are multiple time slots of GTS in CFP. When 

the UE is associated with the coordinator, the coordinator will designate a time slot of GTS to 

the UE. The UE can use this time slot for periodic data transmission. 

The beacon interval (BI) is the interval which the coordinator sends the beacon frame. The 

size of BI is determined by the value of macBeaconOrder (BO). The calculation formula of BI 

is as follow: BI =  abasesuperframedururation ∙ 2𝐵𝑂（0 ≤ BO ≤ 14）          (4) 

The superframe duration (SD) is the duration of the active period in the superframe, and 

the size of SD is determined by the value of macSuperframeOrder (SO). The calculation 

formula of SD is as follow: SD =  abasesuperframedururation ∙ 2𝑆𝑂（0 ≤ SO ≤ BO ≤ 14）     (5) 

The basic time unit in IEEE 802.15.7 is the optical clock, and abasesuperframedururation 

represents the number of optical clocks of superframe when SO is 0. 



Inactive periodGTSGTS

Beacon

BI

SD

CAP CFP

 

Figure 2 The superframe structure 

3 The PP adjustment scheme adaptive to movement speed 

When the user enters the indoor model, the coordinator will associate with the UE of this 

user. The UE encapsulates received power and movement speed in an uplink data packet and 

transmits data to the coordinator through GTS time slot. The coordinator uses received power 

to locate user’ position. Through analysis, it can be known that the PI collection period is equal 

to BI. The user’ movement speed will affect the PI collection period. Next, this paper will study 

the relationship between the PI collection period and the user's movement speed. 

3.1 Speed-adaptive PI collection 

When the autocorrelation between continuous PI decreases, the position-predicted 

accuracy will decrease. So, more complex algorithms predicting position are needed [7]. When 

the prediction algorithm remains unchanged, the autocorrelation between continuous PI 

obtained at different movement speeds must remain stable. Only in this way, the prediction 

accuracy can be guaranteed under different movement speeds. 

It is assumed that the step length remains unchanged when the user is moving. The step 

length is expressed as 𝑙𝑠𝑡𝑒𝑝. When the user's movement speed is v m/s, the time length of each 

step during the user's movement can be expressed as: 𝑡𝑠𝑡𝑒𝑝 = 𝑙𝑠𝑡𝑒𝑝 v  （s）                              (6) 

The PI collection period is defined as 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 . From above contents, 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 = 𝐵𝐼. In 

order to obtain real-time PI, the coordinator collects the user's PI by user’s mobile 

characteristics.  

Let 𝐵𝐼 ≈ 𝑡𝑠𝑡𝑒𝑝. The value of corresponding BO can be obtained through formula (4). 

The value of corresponding BO is as follows: 



BO = [log2 𝑡𝑠𝑡𝑒𝑝 abasesuperframedururation] = [log2 𝑙𝑠𝑡𝑒𝑝/ v abasesuperframedururation] (0 ≤ BI ≤ 14)  (7) 

The 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼  is given by through formula (7): 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 =  abasesuperframedururation ∙ 2𝐵𝑂                (8) 

Among them, the [x] function represents the rounding function, and the output result is 

the largest integer that does not exceed the real number x. 

Through above contents, the PI collection period under different movement speeds has 

been determined.  

3.2 Speed-adaptive PP adjustment 

The AP selection based on position prediction is one of the most effective methods to 

improve transmission quality of mobile users in indoor VLC network. The matching degree 

between the prediction period and the user’s movement speed will directly affect the user’s 

transmission quality. If the VLC network uses a unified prediction period, the transmission 

quality under different movement speeds cannot be guaranteed. As shown in Figure 3, user A 

moves at a lower speed. User B moves at a higher speed. When the predictive period is 

relatively long, user A may not switch to a suitable AP in time, resulting in the degradation in 

data rate. When the predictive period is small, the position of user B may be frequently predicted. 

To this problem, how to adjust the period of position prediction will be studied by distribution 

characteristics of received power.  

 

Figure 3 The scene of user movement under different movement speeds 

(1) The division of the coverage area 

This paper divides the coverage area of each AP into two parts: the coverage area of high 

received power (𝐴ℎ) and the coverage area of low received power (𝐴𝑙).  𝐴ℎ is the center area 

of the AP coverage area. Because the influence from other APs is small, the handover 

probability is small in the 𝐴ℎ . 𝐴𝑙  is the edge area of the AP coverage area. Because the 



influence from other APs is big, the handover probability is relatively high in the 𝐴𝑙. 
(2) The calculation model of stay time in the 𝐴ℎ  

The calculation model of the user's stay time in the 𝐴ℎ is shown in Figure 4. Among them, 

R represents the radius of the 𝐴ℎ. 𝑠 represents the user's crossing distance in the 𝐴ℎ (0 ≤s ≤ 2R). 𝜃 represents the angle between the user's movement direction and the 𝐴𝑃𝑖 (0 ≤ θ ≤π ). 𝑑  represents the distance between the user and the 𝐴𝑃𝑖 , and h represents the vertical 

distance between the 𝐴𝑃𝑖 and the path of movement.  

d

iAP

l

A

B

θ

R θ
A

B

R

d

iAP

s

s

h h

 

(a) user moves towards the AP (b) user moves away from AP 
Figure 4 Calculation model of stay time 

In calculation model of stay time, it is assumed that the user's movement speed is constant. 

The user enters the 𝐴ℎ from the edge, moves in a straight line, and can change the movement 

direction at any time. From Fig. 4, the distance that the user traverses in the 𝐴ℎ is [14]: s =  √𝑅2 − ℎ2 + 𝑑 ∙ 𝑐𝑜𝑠𝜃（0 ≤ θ ≤ π）               （9） 

The user's stay time in the 𝐴ℎ can be expressed as follows: 𝑡𝑠𝑡𝑎𝑦 = s𝑣 = (√𝑅2 − ℎ2 + 𝑑 ∙ 𝑐𝑜𝑠𝜃)/𝑣 (0 ≤ θ ≤ π)         （10） 

(3) Speed-adaptive PP adjustment 

The period predicting position is defined as 𝑇𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑃𝐼 . When the user enters the indoor 

model, the UE sends received power and movement speed to coordinator every 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 . Then 

the coordinator locates the user's position based on received power and predicts next position. 

The handover probability is relatively high in the 𝐴𝑙. The PI collection and PI prediction 

are basically completed at the same time to estimate the user’s position in time. When the user 

enters the 𝐴𝑙 of 𝐴𝑃𝑖, the PI prediction period is equal to the PI collection period. That is, 𝑇𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑃𝐼 = 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 .  

The handover probability is small in the 𝐴ℎ . The predictive period can be increased 

appropriately. When the user enters the 𝐴ℎ of 𝐴𝑃𝑖, the coordinator calculates the stay time of 



the user. When the 𝑡𝑠𝑡𝑎𝑦 is relatively large, the user will stay in the coverage area of high 

received power for a long time. The user does not need to switch to new AP in short time. So, 

the coordinator can increase predictive period. 4𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼  is selected as the threshold for period 

adjustment of PI prediction in this paper. Because 𝑡𝑠𝑡𝑎𝑦 < 4𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼  , the stay time in is 

relatively short. The increasement of predictive period may lead to untimely handover. 

According to the above content: when 𝑡𝑠𝑡𝑎𝑦 ≥   4𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼  ,  𝑇𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑃𝐼  = 2 ∗ 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼  . When 𝑡𝑠𝑡𝑎𝑦 < 4𝑇𝑃𝐼, 𝑇𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑃𝐼 = 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 . 

Assuming the current position of the user is 𝑃𝑖(𝑥𝑖,𝑦𝑖), two positions before the current 

position can be expressed as 𝑃𝑖−2(𝑥𝑖−2,𝑦𝑖−2), 𝑃𝑖−1(𝑥𝑖−1,𝑦𝑖−1). When 𝑦𝑖−1−𝑦𝑖−2𝑥𝑖−1−𝑥𝑖−2 = 𝑦𝑖−𝑦𝑖−1𝑥𝑖−𝑥𝑖−1, 

it means that the user has not changed the movement direction at 𝑃𝑖. When 𝑦𝑖−1−𝑦𝑖−2𝑥𝑖−1−𝑥𝑖−2 ≠ 𝑦𝑖−𝑦𝑖−1𝑥𝑖−𝑥𝑖−1, 

the user changes the movement direction at 𝑃𝑖. When the user’s movement direction changes 

in the 𝐴ℎ, the coordinator will recalculate the user’s stay time and determine predictive period. 

3.3 The PP adjustment scheme adaptive to movement speed 

The AP selection based on position prediction can effectively improve transmission quality 

of mobile users in indoor VLC network. However, there is no research on the position-predicted 

period under different movement speeds in indoor VLC network at present. Based on the above 

content, this paper proposes a PP adjustment scheme adaptive to movement speed. The specific 

content of this scheme is as follows. 

Scheme: The PP adjustment scheme adaptive to movement speed 

Input parameters: v, 𝑙𝑠𝑡𝑒𝑝; 
Phase 1: Speed-adaptive PI collection 

Step1: 𝑡𝑠𝑡𝑒𝑝 = 𝑙𝑠𝑡𝑒𝑝 v ; 
Step2: BO =[log2 𝑡𝑠𝑡𝑒𝑝 abasesuperframedururation] = [log2 𝑙𝑠𝑡𝑒𝑝/ v abasesuperframedururation]; 
Step3: 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 =  abasesuperframedururation ∙ 2𝐵𝑂; 

Phase 2: Speed-adaptive PP adjustment 

Situation 1: User enters the 𝐴𝑙 of 𝐴𝑃𝑖 



𝑇𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑃𝐼  = 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 ; 

Situation 2: User enters the 𝐴ℎ of 𝐴𝑃𝑖 
Step1: Calculate 𝑡𝑠𝑡𝑎𝑦 𝑡𝑠𝑡𝑎𝑦 = s𝑣 = (√𝑅2 − ℎ2 + 𝑑 ∙ 𝑐𝑜𝑠𝜃)/𝑣 (0 ≤ θ ≤ π); 
Step 2: Adjust position-predicted period 

                     If (𝑡𝑠𝑡𝑎𝑦 ≥ 4𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 ) 

                         𝑇𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑃𝐼  = 2 ∗ 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 ; 

If (𝑡𝑠𝑡𝑎𝑦 < 4𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 ) 𝑇𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑃𝐼  =  𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 ; 

If the direction changes (𝑦𝑖−1−𝑦𝑖−2𝑥𝑖−1−𝑥𝑖−2 ≠ 𝑦𝑖−𝑦𝑖−1𝑥𝑖−𝑥𝑖−1) : 

Step1 is performed; 

Output parameters: 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 , 𝑇𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑃𝐼 ; 
Through above contents, the speed-adaptive PP adjustment has been achieved. The AP 

selection is based on the criterion of maximum channel gain in this article. Through position 

prediction, the channel gain at the next position can be obtained in advance. When the target 

AP at the next position is inconsistent with the current AP, the user will connect to the target 

AP before the user reaches the next position. The AP selection based on position prediction can 

well guarantee the user’s data rate and avoid link interruption caused by user movement. 

4 Simulation analysis 

This paper uses the random waypoint model (RWP) to generate user movement data and 

uses Python to realize simulation process. The setting of simulation parameters is shown in 

Table 1.  

Table 1 Simulation parameters  

Scenario range 18m*18m*3m Number of VLC APs 9 

Photodetector Area 1𝑐𝑚2 Gain of optical filter 𝑔𝑓 1.0 

Transmitted power 30 mW Number of LEDs in Array 20 

Average transmitted 

optical power 𝑃𝑡  
10 W 

Based modulation 

bandwidth B 
20 MHZ 

Noise power spectral 

density 𝑁 
1e-19W/HZ 

Receiver FoV semi-angle 𝜙1/2 
30° 



4.1 Simulation of speed-adaptive PI collection 

In order to maintain stability of the autocorrelation between continuous PI obtained at 

different movement speeds, the speed-adaptive PI collection is realized. Next, this article will 

demonstrate the effectiveness of speed-adaptive PI collection through simulation.  

(1) Measuring index of PI autocorrelation 

The autocorrelation function is used to measure the correlation between observations 

every K time units (𝑦𝑡, 𝑦𝑡−𝑘) in a time series. The autocorrelation coefficient is an indicator of 

the correlation degree between variables. The calculation formula of the autocorrelation 

coefficient can be expressed by: ρ =  ∑ (𝑥𝑖−𝑢)(𝑥𝑖+𝑘−𝑢)∑ (𝑥𝑖−𝑢)2𝑛𝑖=1𝑛−𝑘𝑖=1                            (11) 

Among them, k is the order, u is the mean value of the sequence, and the denominator ∑ (𝑥𝑖 − 𝑢)2𝑛𝑖=1  is the variance. 𝑥𝑖 and 𝑥𝑖+𝑘 respectively correspond to the 𝑖𝑡ℎ item of the 

two split sequences [15]. 

In order to express the autocorrelation of position information more conveniently, this 

paper uses the pairing function (PF) to associate the position coordinates with a value. The 

autocorrelation of the position information can be obtained by observing the autocorrelation of 

the value. The formula of the pairing function (PF) is as follows [16]: 𝑝𝑓𝑆𝑧𝑢𝑑𝑧𝑖𝑘(𝑥, 𝑦) = {𝑥 + 𝑦2                 𝑥 < 𝑦𝑥2 + 𝑥 + 𝑦          𝑥 ≥ 𝑦                (12) 

(2) The autocorrelation of PI obtained under different collection periods and movement 

speeds 

In simulation, it is assumed that the user's movement speed is constant during the entire 

movement. The PI collection period ( 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼  ) can be gotten through formula (8). The 

autocorrelation coefficients of PI obtained under different movement speeds will be calculated. 

The result is shown in Figure 5. It can be seen from this figure that when the collection period 

is 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 , the autocorrelation coefficients of PI obtained under different movement speeds 

remain between 95% and 98%. The result shows that the autocorrelation of PI can still be kept 

stable under different movement speeds. So, the prediction accuracy can be guaranteed under 

different movement speeds. 



Next, the PI autocorrelation obtained under different collection periods will be discussed. 

The UE sends received power and movement speed in cycles of 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 , 2𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 , and 3𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼  

respectively. The coordinator locates the user's position according to the received power. So, 

the PI collection period is 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 , 2𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 , and 3𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼  respectively. The autocorrelation 

coefficients of PI obtained under three collection periods are calculated separately. 

 

Figure 5 The autocorrelation of PI obtained under different collection periods  

and movement speeds 

It can be seen from figure 5 that the autocorrelation coefficient of PI decreases with the 

increase of the collection period. When the collection period is 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 , the autocorrelation 

coefficient of PI is higher than 95% under different speeds. The result shows that when the 

collection period is approximately equal to the movement time of the user's single step, the 

autocorrelation of PI can be well guaranteed. According to above analysis, the optimal 

collection period of PI at a given movement speed can be determined. 

4.2 Simulation of the PP adjustment scheme adaptive to movement speed 

In order to improve the transmission quality of mobile users under different movement 

speeds, the PP adjustment scheme adaptive to movement speed is proposed. Next, this article 

will demonstrate the effectiveness of the PP adjustment scheme through simulation.  

Through the RWP model, the user’s movement data when the movement speed is 0.5m/s, 

1.0m/s and 1.5 m/s can be obtained separately. The duration of each movement process is 200 

(s). The transmission rates obtained in the three cases are compared by simulation. The three 



cases are: 

(1) Traditional AP selection. This case does not perform position prediction. 

(2) AP selection with fixed prediction period. This case is based on position prediction 

and uses fixed prediction period (𝑇𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑃𝐼  = 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 ). 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼  can be obtained by 

speed-adaptive PI collection proposed in this paper. 

(3) AP selection with variable prediction period. This case is based on position prediction 

and uses variable prediction period (𝑇𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑃𝐼  = 𝑙 ∗ 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑃𝐼 ). The value of 𝑙 can be 

obtained by speed-adaptive PP adjustment proposed in this paper. 

When the movement speed is 0.5 m/s, the change of the transmission rate in the three cases 

is shown in Figure 6. It can be seen from this figure that the AP selection based on position 

prediction can well guarantee the user’s data rate. For traditional AP selection, the user’s data 

rate will be greatly reduced when the user connects to a new AP, as shown in the red part of this 

figure. This is because the traditional AP selection cannot predict the change of the target AP in 

time. The AP selection based on position perdition can connect to the appropriate AP in advance, 

thus avoiding the degradation in users’ data rate when the user connects to a new AP. During 

the entire moving process, the number of untimely predictions is 1 in the AP selection using 

variable prediction period. The performance of AP selection using variable prediction period is 

basically the same as that of AP selection using fixed prediction period.  

 

Figure 6 The change of transmission rate when v=0.5 m/s 



In order to show the performance of the PP adjustment scheme adaptive to movement 

speed. The changes of the transmission rate in different movement speeds are simulated, as 

shown in Figure 7 and Figure 8. It can be seen from these figures that the PP adjustment scheme 

can well guarantee user’s data rate under different movement speeds. Through the speed-

adaptive PP adjustment, the AP selection based on position prediction can predict the change 

of the target AP in time under different movement speeds. As the moving speed increases, the 

number of AP handovers of the entire process increases. In this case, the role of AP selection 

based on position prediction is more significant. 

 

Figure 7 The change of transmission rate when v=1.0 m/s 



 

Figure 8 The change of transmission rate when v=1.5 m/s 

The performance comparison between the AP selection using variable prediction period and 

the AP selection using fixed prediction period is shown in Figure 9. With the increase in the 

number of moving steps, the number of untimely predictions increases for the AP selection 

using variable prediction period. But this increase is on a small scale. The ratio of untimely 

predictions is less than 0.2. The ratio of untimely predictions is defined as follows: 𝑅𝑎𝑡𝑖𝑜untimely_prediction = 𝑁𝑓𝑎𝑖𝑙𝑢𝑟𝑒𝑁𝑇𝑎𝑟𝑔𝑒𝑡_𝐴𝑃_𝑐ℎ𝑎𝑛𝑔𝑒                   (13) 

Among them, 𝑁𝑓𝑎𝑖𝑙𝑢𝑟𝑒 represents the number that the change of the target AP has not been 

predicted in time. 𝑁𝑇𝑎𝑟𝑔𝑒𝑡_𝐴𝑃_𝑐ℎ𝑎𝑛𝑔𝑒 represents the number that the target AP changes during 

the whole process. 

But the AP selection using variable prediction period can effectively reduce the number of 

predictions. The ratio of predicted times between two methods for AP selection is close to 60% 

under different movement speeds. The ratio of predicted times is defined as follows: 𝑅𝑎𝑡𝑖𝑜𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑_𝑡𝑖𝑚𝑒𝑠 = 𝑁variable𝑁fixed                       (14) 

Among them, 𝑁variable represents the number of predictions for the AP selection using 

variable prediction period. 𝑁fixed represents the number of predictions for the AP selection 

using fixed prediction period. 

The reduction of the predicted time can reduce the computational intensity of the system. 



The system efficiency can be improved. 

 

Figure 9 The performance comparison of two AP selections 

using different prediction periods 

5 Conclusion 

Now, a PP adjustment scheme adaptive to movement speed in indoor VLC network has 

been proposed. It contains two key parts: speed-adaptive PI collection, speed-adaptive PP 

adjustment. Firstly, by user’s mobile characteristics, self-adaptive adjustment of PI collection 

period has been realized. The simulation results show that the autocorrelation coefficient of PI 

obtained under different movement speeds remains at 95%~98%. The prediction accuracy 

under different movement speeds is guaranteed by self-adaptive PI collection. Next, by 

distribution characteristics of received power, speed-adaptive PP adjustment has been achieved. 

The number of the position prediction has been reduced by 40%. The number of unnecessary 

predictions is reduced effectively. Finally, by the AP selection based on position prediction and 

the PP adjustment scheme adaptive to movement speed, the user’s transmission quality under 

different movement speeds is improved. 
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