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Figure 10: Waypoint planning of the one-dimensional parachutist system and tracking using a 

critically damped controller   

 

 

 

Figure 11: MATLAB & Simulink interface for parachutist system. A global variable is 

implemented in Simulink using a data storage memory block that enables the updation of the 

waypoint index whenever the system reaches the current waypoint within a user-defined 

threshold.     
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Figure 12: A full-blown Simulink Model of the AUV with integration between waypoint 

planner, controller, and animation modules 
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CHAPTER 4 
 

EXPERIMENTAL VALIDATION 
 

The simulator uses an underactuated AUV. Therefore, we want to analyze how the synthetic 

AUV will achieve the mission goals with only three actuated motions (i.e., Surge, Heave and 

Yaw). XYZ axes are named as north, east and down. The simulator has been tested in various 

user-defined environments to evaluate its capabilities and limitations: 

1. Planar motion analysis (in XZ, XY, and YZ) 

2. Waypoint-controller parametric analysis 

3. A* path planner implementation 

4. AUV velocity model 

4.1 Planar Motion Analysis 

4.1.1 XZ Plane:  

The simulator has been tested first in XZ plane. Here, we will observe how a synthetic 

underactuated AUV can track a complex trajectory like a sine wave with multiple waypoints, 

by using just Heave and Surge simultaneously. As AUV is operated in XZ plane, the orientation 

about Z-axis is constrained.  

Snapshots from an animation while AUV is tracking its desired trajectory is shown in 

the Figure 13. The behavior of the synthetic AUV with respect to the tracked waypoints, its 

position and velocity are shown in Figures 14 to 19. 
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Figure 13: Snapshots from the AUV simulator visualization showing the AUV tracking a 

trajectory in XZ plane using surge and heave as actuation motions 

 

 

Figure 14: Plot of AUV’s surge (along Northing axis) and heave (along Down axis) as a 

function of time 
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Figure 15: Plot of surge rate and heave rate of the AUV as a function of time 

 

 

Figure 16: Plot of surge rate of the AUV as a function of position in north (X-axis) 
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Figure 17: Plot of heave rate of the AUV as a function of position in down (Z-axis) 

 

 

 

Figure 18: Analysis of the AUV behavior with heave rate as a function of waypoints by using 

two different scales on the vertical axis and a plot of the actual path traversed by the AUV 
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Figure 19: Analysis of the AUV behavior with surge rate as a function of waypoints by using 

two different scales in the vertical axis and plotted the actual path traversed by the AUV 

 

 

4.1.2 XY Plane:  

The simulator has been tested first in XY plane. Here, we will observe how a synthetic 

underactuated AUV can track a complex trajectory like a sine wave with multiple waypoints, 

by using just Surge and Yaw. As AUV is operated in XY plane, the motion (Heave) in Z-axis 

is constrained.  

Snapshots from an animation while AUV is tracking its desired trajectory is shown in 

the Figure 20. The behavior of the synthetic AUV with respect to the tracked waypoints, its 

position and velocity are shown in Figures 21 to 26. 
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Figure 20: Snapshots from the AUV simulator visualization showing the AUV tracking a 

trajectory on XY plane using surge and yaw as actuation motions 

 

 

 

Figure 21: Plot of AUV’s surge and yaw as a function of time 


