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Unmanned Aerial Vehicle (UAV)-aided Wireless Sensor Network (WSN) has been received increasing attentions in recent years due to its tremendous applications in many fields. The high dynamic topology in such network brings new communication challenges. In this paper, we address on the dynamic parameters, including the velocity and flying height of the UAV, the sensors velocities, and its real-time location, which affect the topology and influence the communication performance of the system. We introduce the contact-duration to mathematically integrate these parameters and to measure the transmission opportunity between the mobile node and the UAV and formulate the data collection issue as an optimization problem with the objectives of jointly maximizing the number of collected packets and the number of nodes that participate the communications with the UAV. Furthermore, we propose an opportunity-optimal frame selection algorithm, named as OFS algorithm, to increase the communication opportunities of the nodes, thereby, the data collection performance of the network was enhanced. Through extensive simulations based on simulated movement and real experiments, we evaluate the effectiveness of the proposed mechanisms under different configurations. The results present that the proposed mechanisms perform well on enhancing the transmission opportunity of the mobile nodes and the data collection performance of the network.

I. INTRODUCTION

Unmanned aerial vehicles (UAV) aided wireless sensor network (WSN) have achieved tremendous applications ranging from agriculture, industry, healthcare, to military [START_REF] Mozaffari | A Tutorial on UAVs for Wireless Networks: Applications, Challenges, and Open Problems[END_REF]. In applications, one of the main roles of the UAV is used as a mobile collector [START_REF] Samir | UAV Trajectory Planning for Data Collection from Time-Constrained IoT Devices[END_REF]. Many researches have been done on data collection issues in the context of UAV-aided WSN [START_REF] Mozaffari | A Tutorial on UAVs for Wireless Networks: Applications, Challenges, and Open Problems[END_REF]- [START_REF] Shen | Multi-UAV Interference Coordination via Joint Trajectory and Power Control[END_REF]. Most of these researches address on deterministic topology where the sensor is static deployed its positions could be known through different methods. The data collection issues which studied on dynamic topology are seldom covered [START_REF] Ma | Priority-Based Data Collection for UAV-Aided Mobile Sensor Network[END_REF].

The main difference between the static deployment and mobile setting in UAV-aided WSN is: the topology in mobile case is much high dynamic than that in static case. In static network, all sensors are static deployed, and only the UAV is mobile. The flying information of the UAV including the trajectory could be designed in advanced and be well controlled through professional flight control system [START_REF] Ma | Priority-Based Data Collection for UAV-Aided Mobile Sensor Network[END_REF]. However, in mobile case, the movements of the targets are unknown and it could be randomly in some applications such as animal tracking etc. It brings new challenges to the traditional data collection algorithms because that the target already out of the range of the collector when it is the target's turn to send data.

In such applications, the key point is the duration of a sensor when it is within the range of the UAV, which is named as contact duration between the sensor and the UAV in this paper. Intuitively, a sensor has high opportunity to send data to the UAV when it has long contact duration with the UAV. On the contrary, a sensor has small opportunity to send data if it has short contact duration with the UAV. In the existing data collection algorithms, these kind of sensors may lost the opportunities to send data if the contact duration is not considered in the algorithms.

To the best of our knowledge, the existing work mainly focus on deterministic cases, where the movement of the sensor and the UAV are known in advance or could be precise controlled [START_REF] Ma | Data Collection of Mobile Sensor Networks by Drones[END_REF], [START_REF] Ma | Fairness-aware UAV-assisted data collection in mobile wireless sensor networks[END_REF]. In such research, the contact duration between the sensor and the UAV could be accurately calculated. This is not applicable for mobile sensor network because of the changes in sensor velocity are difficult to known in advance. The change of velocity includes two aspects, the change of direction and the change of speed. Generally, neither of these changes can be known in advance in applications. The key point is to predict the movement of the sensor within a period in the future through the movement state that has occurred in the past. Correspondingly, the prediction of contact duration is obtained.

In this work, we focus on how to predict the contact duration precisely so as to enhance the transmission opportunities of those nodes that have short contact duration, thereby, enhance the data collection performance of the network. Fig. 1 illustrates an application scenario in the context of UAV-aided mobile sensor network. The data collection maximization contains: (i) the maximizing of collected packets, and (ii) the maximizing of the number of nodes that participate the communications. In this work, our main purpose is to jointly maximizing the two objectives. The main contributions in this paper are:

• We study the impact of dynamic parameters in UAV-aided mobile WSN, and formulate the data collection issue into an optimization problem with the objectives of jointly maximizing the number of collected packets and the number of sensors that participate the communications. • We propose a mechanism which is applicable to predict the contact duration precisely through mathematically integrating the dynamic parameters. • We propose a opportunity-optimal frame selection algorithm, named as OFS algorithm, to conduct the data collection between the mobile node and the UAV. It enhances the transmission opportunities of those nodes that have short contact duration with the UAV. Thereby, it enhances the number of nodes which participated the data collection. • Through extensive simulations based on simulated movement and real experiments, we compare the predicted duration with real value, and examine the effectiveness of proposed data collection mechanism under different configurations. This paper is organized as follows: the next section presents the related work. In Section III, we introduce the system model and propose solutions in Section IV. We evaluate the proposed algorithms through extensive simulations based on simulated movement and real experiments in section V. The section VI concludes this work and gives some future work suggestions.

II. RELATED WORK

Numerous research have been done on data collection in UAV-aided WSN. In this section, these algorithms are differentiated by whether the sensor is mobile or not. This is because that the dynamic parameters brought by the sensor movement have significant impact on the system performance of data collection. In the following, we classify these data collection algorithms by the criteria: static or mobile nodes.

Tremendous research with different objectives have been done on UAV-aided static sensor network. In [START_REF] Zhan | Energy Minimization in Internet-of-Things System Based on Rotary-Wing UAV[END_REF]- [START_REF] Hu | Optimal 1D Trajectory Design for UAV-Enabled Multiuser Wireless Power Transfer[END_REF], the authors use UAV to collect data from static nodes through planning the UAV trajectory with the objective of minimizing the system energy consumption [START_REF] Zhan | Energy Minimization in Internet-of-Things System Based on Rotary-Wing UAV[END_REF], the delay [START_REF] Hu | Joint Offloading and Trajectory Design for UAV-Enabled Mobile Edge Computing Systems[END_REF], and the average data collection rate [START_REF] You | 3D Trajectory Optimization in Rician Fading for UAV-Enabled Data Harvesting[END_REF], and also of maximizing the received energy maximization of users [START_REF] Hu | Optimal 1D Trajectory Design for UAV-Enabled Multiuser Wireless Power Transfer[END_REF]. Other works focus on the jointly optimization of the trajectory, the height, the speed, etc. For example, to minimize the total collecting time of the UAV through jointly optimizing the UAV trajectory, fly height and velocity, and data links with ground users [START_REF] Li | Joint Optimization on Trajectory, Altitude, Velocity, and Link Scheduling for Minimum Mission Time in UAV-Aided Data Collection[END_REF]. In [START_REF] Hu | Joint Offloading and Trajectory Design for UAV-Enabled Mobile Edge Computing Systems[END_REF], they aim to minimize the maximum delay of all users through jointly optimizing the UAV trajectory, the scheduling variables of the users, and the offloading ratio. And in [START_REF] Samir | UAV Trajectory Planning for Data Collection from Time-Constrained IoT Devices[END_REF], the authors aim to maximize the number of served devices through jointly optimizing the UAV trajectory and the allocation of the radio because of the limited buffer size of the device and the timeliness of their reading.

Seldom research focus on mobile sensor network. In [START_REF] Ma | Data Collection of Mobile Sensor Networks by Drones[END_REF], [START_REF] Ma | Fairness-aware UAV-assisted data collection in mobile wireless sensor networks[END_REF], [START_REF] Ma | Opportunistic communications in WSN using UAV[END_REF], the authors use a UAV to collect data from mobile nodes through jointly optimizing the velocity and the flying height of the UAV. However, these researches are done on an assumption that the trajectories of the nodes and the UAV are straight lines and both of them move with constant velocities. Under such assumption, the movements for the UAV and the sensors are precisely calculated. The generally mobile case are not considered.

Although many works have been studied, there still a room for enhancing the system performance through jointly considering the dynamic parameters.

III. NETWORK MODEL AND PROBLEM FORMULATION

A. Network Model

We study a UAV-enabled mobile sensor network which consists of a UAV and multiple sensors as shown in Fig. 1. The data center is set at the original center point of the path. Sensors are deployed in the front part of the predefined path and move along the path. The UAV takes-off from the data center and fly to the given height h, and then, fly along the path with a given speed v to collect data from sensors.

From Fig. 1, the UAV trajectory consists of a few number of line segments which contain several waypoints. The UAV's collecting time is the duration when the UAV flying from P 1 to P E with a given speed v as shown in Fig. 1.

It can be noticed from Fig. 1 that both mobile of the UAV and the nodes makes the network having high dynamic topology. To make it proper functioning, we use periodic beacon mechanism to synchronize the network. The UAV sends a beacon message to its coverage to tell it is coming (as shown in Fig. 2). The sensors that received the beacon send join messages which contain the locations and speeds to the UAV. After the reception of the join messages from nodes, it starts the data collection. The duration between adjacent two beacon is named as inter-beacon duration (IBD).

It is worth notice that different sensors have different contact duration with the UAV because of different speeds and locations which means that they have different transmission opportunities with the UAV. The key challenge is: how to balance the transmission opportunities between them so as to enhance the data collection of the network.

B. Channel Model

To well implement the air-ground communication, both lineof-sight (LoS) and non-line-of-sight (NLoS) links [START_REF] Yang | Energy Tradeoff in Groundto-UAV Communication via Trajectory Design[END_REF] are considered in this paper. The LoS probability in t k is given by [START_REF] Hourani | Modeling air-to-ground path loss for low altitude platforms in urban environments[END_REF],

P L,S i t k = 1 1 + a • exp[-b( 180 π • arcsin( h dt k (U,Si) ) -a)] , (1) 
where a and b are constants, and d t k (U, S i ) is the distance between sensor S i and the UAV at t k . Then, the NLoS probability is,

P N L,S i t k = 1 -P L,S i t k
, Then, the path loss is given by,

L S i t k = l σ • ( 4π • f • d t k (U, S i ) c ) 2 , ( 2 
)
where f is the carrier frequency, c is a constant, and l σ is l LoS or l N LoS for excessive path losses of LoS and NLoS links respectively.

C. Problem Formulation

The data collection maximization issues contains two aspects: (i) the maximization of the number of collected packets (N p ), and (ii) the maximization of the number of nodes that successfully send a packet to the UAV (N node ). Hence, in this paper, we will jointly optimize the two objectives through proposed mechanisms.

1) Optimization of N p : Let,

ζ ik = 1 U AV communicate with S i at t k , 0 otherwise.
then,

N p = 1 P s Si t k ζ ik • L S i t k • D r • (t k -t k-1 ) , (3) 
in which, P s is the packet size, D r is the data rate, and

L S i t k
is given through [START_REF] Samir | UAV Trajectory Planning for Data Collection from Time-Constrained IoT Devices[END_REF]. The optimization of N p is presented as,

P 1 : max Si,t k {N p } , (4) 
s.t. (t k -t k-1 ) ≤ T , k ≥ 1 , (5) 
ζ ik ≤ N , ∀k , (6) 
Constraints ( 5)-( 6) imply that, a UAV only communicate with one node at the same time. 2) Optimization of N node :

P 2 : max Si,t k {N node } , (7) 
s.t. (t k -t k-1 ) ≤ T , k ≥ 1 , (8) 
ζ ik ≤ N , ∀k , (9) 
where N node Hist(I), and I is a matrix with

I ik = ζ ik • i.
Both optimization issues of P 1 and P 2 are NP-hard combinatorial maximization problem [START_REF] Liu | Solving np-hard problems with physarum-based ant colony system[END_REF]: under the given conditions, its objective is to select items which have unique weight and value to maximize the total value.

IV. PROPOSED SOLUTIONS

In this section, we will first introduce how to quantity evaluate the transmission opportunity of the nodes and then the proposed optimization algorithms based on it.

A. Transmission Opportunity

As presented in Fig. 3, suppose that, the midline of the predefined path is given by y = f (x). At t k , the UAV sends the m th beacon message to its coverage, and S i receives it and successfully sends the join message to the UAV. The precise location and speed of the S i which are recorded in join message are obtained by the UAV. The location coordinates is denoted by

S i t k (x i t k , y i t k , 0) 1 .
The distance between S i and the midline of the path is denoted by a 0 = y i t k -f (x i t k ) (as presented in Fig. 3). Without loss of generality, we assume that the S i moves along a line which is given by y = f (x) + a 0 before the m + 1 th beacon coming. This assumption is based on an estimation that the influence brought by the lane change of bicycles is negligible compared to the path length.

Suppose that, the m+1 th beacon is sent at t l (then, the IBD = t l -t k ). Then, the coordinates of S i at t j (t k ≤ t j < t l ) is given by,

v i t j . = x i t j 0 (1 + (y ) 2 )dx , y i tj = f (x i tj ) + a 0 , (10) 
Algorithm 1 OFS Algorithm Step 1. Network Synchronization;

6:

The UAV sends a beacon message to its coverage; 7:

The sensors which received the beacon message from the UAV send join message to the UAV; 8:

The set of sensors that successfully send join messages to the UAV is denoted by S k ; 9:

Step 2. Data Communication; They start to communicate with the UAV in turn according to the length of their remaining contact duration. where

x i t j 0 (1 + (y ) 2 )dx is the curve length of y = f (x)+ a 0 when x ∈ [0, x i tj ].
Accordingly, the coordinates of the UAV at t j can be obtained through,

vt j . = x u t j 0 (1 + (y ) 2 )dx , y u tj = f (x i tj ) . (11) 
Let T i rd,t k be the remaining contact duration of the S i and the UAV at t k . It means that the S i will out of the range of the UAV after T i rd,t k , and it can be obtained through,

T i rd,t k . = 1 v i x i t λ x i t k (1 + (y ) 2 )dx , (12) 
with a boundary conditions d t λ (U t λ , S t λ ) = R where t λ = t k + T i rd,t k and R is the transmission range of the UAV. In the following, we will introduce an Opportunity-optimal Frame Selection (OFS) algorithm to enhance the transmission opportunities for those nodes that have short remaining contact duration with the UAV.

B. Opportunity-optimal Frame Selection Solution

The main procedure of OFS algorithm consists two steps (as shown in Algorithm 1): (a) Network synchronization. The UAV sends a beacon message to its coverage to tell it is coming. The sensors that received the beacon message send join message to the UAV. Then, it obtains the set of nodes that successfully send join messages to the UAV. The set is denoted by S k . (b) Data collection. For each sensor in S k , calculate the remaining contact duration between it and the UAV. Then, all sensors in S k were given a waiting time with a length which is proportional to its remaining contact duration. Then, it starts communications between the sensors in S k and the UAV. Perform alternatively the two steps till the end of the collecting time. Through the proposed OFS algorithm, the ones that have shorter remaining contact duration which means it has small transmission opportunity were given higher transmission opportunities. Thereby, the data collection of the system was enhanced.

In the following, we implement two categories of simulations: (a) simulations addressed on simulated movement, and (b) simulations addressed on real experiments movement. In both of (a) and (b), we consider a UAV-aided mobile WSN which consists of one UAV, one data center, and multiple mobile sensors.

V. NUMEROUS RESULTS

A. Implementations and Parameters

In the two categories of simulations, the UAV and the data center are deployed at the beginning of the path, and sensors are deployed within 100 meters from the origin point. In (a), the initial speeds of the sensors are generated by the random function with a boundary of (1,10) ms -1 . And its changing of speeds during collecting time is obtained through adding a random disturbance on the initial speeds. In (b), we utilize the real experiment movement data in [START_REF] Ma | Priority-Based Data Collection for UAV-Aided Mobile Sensor Network[END_REF] which are conducted on Jia'er Road, which width and length are 5 meters and 1200 meters respectively, in Tongji University. As presented in Fig. 4(a) and Fig. 4(b), we set 4 waypoints along the Jia'er Road. The UAV starts from the original point to waypoint P 1 to achieve its given speed, then, to P 2 , P 3 , and P 4 in turn (Fig. 4(b)).

The UAV equipped with a Pixhawk [14], [START_REF] Meier | Pixhawk: a micro aerial vehicle design for autonomous flight using onboard computer vision[END_REF] and controlled by a autopilot system. Therefore, its trajectory and speed are controlled well which can be seen from Fig. 5. The UAV will hover for 2 seconds in the waypoint because of the control in system. Thus, the speed around waypoint is lower than 5 ms -1 (e.g., P 2 and P 3 in Fig. 5). The simulated parameters are presented in Table I. 

B. Results: Simulated Movement

Fig. 6 presents the data collection performance of the proposed algorithms. The inter beacon duration has impact on both the N p and the N node . The shorter the IBD, the larger the N p and N node . The N p increase as the network size increase if IBD ≤ 50 ts (10.585 seconds) 2 and N ≤ 30 (Fig. 6(a)), and N p starts to leave off when N > 30. This is because, when the size is too large, there are too much nodes compete to communicate with the UAV which overload of the UAV. It has a little difference on the N node when IBD ≤ 20ts (that is 4.234 seconds) and N ≤ 50 (Fig. 6(b). N > 50, the shorter the IBD, the larger the N node . Fig. 7 shows the comparison of precise RCD and predicted RCD of four nodes with each has a speed of {2, 4, 6, 8} ms -1 when IBD is fixed at 10 ts. The fly speed and height of the UAV are 10 ms -1 and 15 m respectively. The RCD is well predicted through the proposed prediction algorithm because of no environments are considered.

C. Results: Real Experiments

Fig. 8 shows the data collection performance of the network using the movement state in real experiment. In Fig. 6, the N p is about 2 times larger than in Fig. 8. This is because the impact of environment in real experiments is much high 2 In this section, the ts is defined as the duration of sending a packet at the lowest data rate (4.8 kbps, see [START_REF] Ma | Data Collection of Mobile Sensor Networks by Drones[END_REF] for more details), which is 0.2117 seconds. Then, 50 ts is 10.585 seconds. then in the simulations. Similarly to Fig. 6, the data collection performance in Fig. 8, N p and N node , increase as the network size increase. The larger the number of sensors, the larger the number of nodes that have opportunities to communicate with the UAV. Therefore, the N p were enhanced accordingly. It also can be seen that the N node has very little difference between different IBD. This is because, there are only 15 (maximum) sensors are studied in real experiments. Therefore, the N node is mainly depend on the initial deployment of the sensors. The predicted remaining contact duration in Fig. 9 has larger deviation than in Fig. 7 because that the movement of the node (including speed value and direction) has more randomness than the movement in Fig. 7.

VI. CONCLUSION

In this work, we studied the dynamic parameters which are brought by the movement of the UAV and the sensors in the UAV-aided mobile sensor network. Based on these dynamic parameters, we introduce the contact duration between the UAV and the sensors, and propose the prediction mechanism to predict the it. Then, we propose an opportunity-optimal frame selection algorithm, named as OFS algorithm, to enhance the transmission opportunities of those nodes that have very short contact duration with the UAV. Thereby, the data collection performance in terms of the number of collected packets and the number of nodes that successfully participate the communications are improved. Through extensive simulations based on simulated movement and real experiments, we compared the predicted contact duration with the precise value, and examined the effectiveness of the proposed data collection mechanism under different configurations. The results present that the proposed algorithms perform well on system data collection in mobile context. In the future, we aim to propose a framework using multiple UAVs for data collection in mobile sensor networks.
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 5 Fig. 5. Presentation of the movement of UAV in real experiment: flying height is 15 meters and the setting speed in control system is 5 ms -1 .
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 6 Fig. 6. Results: simulated movement. The data collection performance of the proposed algorithms.
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 7 Fig. 7. Results: simulated movement. The comparison between the precise remaining contact duration and the predicted value which is calculated by the proposed mechanism. For clearly comparison, we present four nodes, and fixed the IBD at 10 ts (2.117 seconds). In this figure, T rd is the precise value, and T rd,p is the predicted value.
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 8 Fig. 8. Results: real experiment. The data collection performance of the proposed algorithms.
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 9 Fig.9. Results: real experiment. The comparison between the precise RCD and the predicted RCD (using the proposed algorithm in this work) for two nodes (IBD is fixed at 10 ts, 2.117 seconds). Here, S 1 and S 2 move at 2 ms -1 and 4 ms -1 respectively.

  Calculate and return N p and N node ;

	13:	end for
	14:	go to line 3;
	15: end while
	16:	

In this paper, we consider the vehicles mobile on a flatland and assume that its altitude changes are negligible.