IV.   VEHICLE DYNAMICS
A.   GENERAL
The tracked vehicles that are simulated in the land-based and surf-zone models are classified as "tracked" vehicles as far as their locomotion and maneuverability is concerned. This is essentially the case with the Foster Miller and ISR vehicles, as well as the Lemming vehicle, which is quite similar to the Foster Miller variant, with the twin tracks and the ability to be symmetrical, that is, flip over and continue to drive. Also, a Navy BUG has been designed with four wheels for traction with differential wheel speed as the steering mechanism. Although the numerical simulations don't take into account the three-dimensional nature of a tracked vehicle moving over terrain or along the surf-zone bottom, the details of the vehicle dynamics do allow the simulations to contain the parameters that most clearly approximates the dynamic performance of the vehicle. Additionally, each vehicle uses a different sensor set and navigation method. 

B.
VEHICLE MODELING
Tracked vehicle control is essentially accomplished by differential rotation between right and left track rather than wheel turning as shown in figure 4.1. The dynamic control of speed and heading in the simulation is continuous and is performed by sending command signals to the 

Figure 4.1 Tracked Vehicle Control
vehicle drive motors. A continuous control used in the simulations uses inverse kinematics and a control law that commands a heading rate proportional to the heading error. Thus, the guidance for position and control for heading is represented by the equations 

In this case, an added heading command is included that accounts for the heading command for randomization or that arising from the obstacle avoidance behavior when active. Therefore, the path of the vehicle is the forward solution of the model, and can be given by 

where d is the half-diameter of the wheels, and D is the track separation distance. As far as the issue of the precision of the control of heading and position, the precision is only as good as the precision of the sensor. In the model and simulation, relatively precise or poor heading control is modeled by an additive random bias to the compass output as it is used in the control command computation. Similarly, in the simulation of way-point navigation, errors in the positioning system outputs (X and Y) are corrupted by additive random bias where the spectral characteristics of known DGPS errors are used as modified by considerations of control update rate. 

Track slippage can be modeled in the simulation by introducing a fractional slip between the wheel rotational speed commanded and the actual speed produced at the wheel ground interface [6]. The effects of track slippage are studied and seen to increase the effective navigational errors in acquiring a known location, although with an effective line-of-sight guidance law, and an accurate DGPS positioning system, the bugs are able to home to the target and transition into the next phase of the mission without difficulty. The effects of relatively large slippage have been studied and presented in [6]. For the steered vehicles, the kinematics of the steering motion arise differently and are modeled by a turn rate that is proportional to the forward speed and the wheel steering angle as shown in figure 4.2. 

           
Figure 4.2  Steered Vehicle Control
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