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1. Introduction 
The problem consists of two vehicles that want to meet in a desired target. Each vehicle 

measures the position of the target and exchange this information between them through a 
network. From the average of both measurements, each vehicle decides the direction that it 
should go to reach the target. To make the problem more interesting we decided to make the 
target a moving vehicle which we could set the trajectory and, consequently, both vehicles 
should be able to follow it, as shown on the Figure 1. 

 
Figure 1. High level description of the system. 

 
This system is considered a cyber-physical system, since it is comprised of physical 

systems, the dynamics of the vehicles, and cyber systems, the finite state machines responsible 
for computing the direction based on the acquired target measurements. This system has to 
take in consideration the sampling rate of each vehicle and the random transmission delay 
generated by the network. 

 
2. Model 

A simplified image of the model for this system is shown on the Figure 2. On this figure 
we try to highlight the memories that are used to store each measurement and the variables 
used to calculate de vehicle direction. Here we will focus on the description of just one of the 
vehicles and the same can be applied for the other vehicle. 
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Figure 2. High level image of the system model. 

 
On the Figure 2 we can see the interfaces that are used to discretize the target position 

every  seconds. The target measured position by the vehicle 1 ( ) is stored in the memory 
state  that is part of the FSM. When the information coming from the other vehicle arrives, it 
is stored on the memory state . Both measurements are averaged and used to calculate the 
direction to the target. Using the current orientation, (3), the FSM calculates and output the 
steering angle compensated with the right turning direction. 

A more complex image of the model can be seen on the Figure 3. It shows the target as 
the input to the system and we can see that its position is sampled by the blocks T_1 and T_2. It 
is important to notice that a random transport delay is inserted between the two vehicles to 
simulate the delays on the network. The vehicle physical model is modeled based on the Dubins 
Vehicle model, but in our case it has a fixed speed and a simpler steering angle.  
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Figure 3. Simulink model of the system. 

 
The following dynamics and discreet model were simplified to just show the flow and 

the main jumps for one of the vehicles. The other combinations of the timers can be obtained 
based on the ones presented below. 
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Between all the properties, the most interesting for this project was the attractivity. As 

the goal of the system is to be able to reach the target, we would like that the position of the 
vehicles were capable to converge to the target position. However, multiple factors can 
influence the convergence in this system. In the case that we have a static target, even if the 
vehicles were capable of reaching the target position, they would not be able to remain steady, 
since they have fixed speed. Another problem to take in consideration for this system, is that it 
only has access to the discreet measurements of the target position and besides that, the 
network used to transmit data between the vehicles has also a delay. Due to these both time 
delays, the system is not capable to converge to the actual target position, as we will see on the 
next section. 

Despite of not being able to converge to the target position, the system can still be 
attractive, since the target position will attract the vehicle to its surroundings. A simple way to 
show that is setting the target to move with a straight trajectory and see that both vehicles will 
converge to the same trajectory. The experimental results can be observed on the next section. 

4. Results 
The results were obtained using the Simulink model shown on the Figure 3 with 

different configuration parameters to check different properties of the system and the range of 
values that allows the vehicles to track the target.  

 
Figure 4. Target moving with a straight trajectory on the left and both vehicles trajectories 

. 
The Figure 4 help us to show that the target trajectory is attractive to the vehicles. We 

can see that the vehicle 1 has initial orientation 0° and initial position (0, −1). After a few 
oscillations, its trajectory converges to a straight line, similar to the target. Same occurs to the 
vehicle 2 that has initial orientation −  and same initial position. 
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Figure 5. Target moving along the unit circle on the left and both vehicles trajectories. 

 
With same initial conditions than before, on the Figure 5 the target is set to move along 

the unit circle and we can see that again the vehicles were capable of following it closely. In this 
case we can observe 2 characteristics of the system. First, as the vehicle has fixed speed, we can 
see that it may need to make long curves to reach some points that are too close to it. The 
second observation is that the vehicles are not capable of converging to a perfect unit circle and 
that can be explained through the delays of the system. Depending when the data from one 
vehicle arrives to the other vehicle, the average target position can change, resulting on these 
shifted circles. Even though it does not converge perfectly, the target position is clearly 
attractive. 

 
Figure 6. Trajectories for the vehicle 2 with sampling rates of 1s, 2s, 3s and 4s. 

 
The Figure 6 shows the result of the trajectory of the vehicle 2 for different sampling 

rates. It is possible to observe that as the sampling rate increases, it becomes impossible to 
follow the target. This is due to the fact that the vehicle needs to hang on the target position for 
a while before it samples a new target position, and as said before, the fixed speed does not 
allow the vehicle to remain steady when it reaches the target position. Therefore, the vehicle 
starts to move around the target position and then generates these curves better visualized with 
4 seconds of sampling rate. 

The Figure 7 shows us the effect of the transmission delay on the vehicle position. We 
can see that the uncertainty of the delay introduces noise to the trajectories. On the first picture 
the vehicle actually converges to the target trajectory, but as we increase the delay, the vehicle 
circular trajectory tends to reduce its radius and starts to diverge from the unit circle. The 
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delay increases, the average tends to reduce. 

 
Figure 7. Trajectories for the vehicle 2 with different transmission delays: 0s, 0-2s, 4-6s and 8-6s 

 
5. Conclusion and Future works 

We could see from the results that this simplified model of the system works well for a 
certain range of values, it shows attractivity and the capability of following a moving target. 
However, for real applications it would require a more complex model of the physical model. 
We could improve the physical model by adding a speed controller, steering limitations, for 
ground vehicles, friction and an additional dimension, for aerial vehicles. 

An interesting software improvement would be a flexible network. We could implement 
a system that would be capable of receiving measurement data from multiple sources and then 
calculate the target position with more precision. Additionally, new vehicles could be able to be 
added or removed from the network without big changes on the dynamics of the other vehicles. 


