
    Robotics have to be programmed to perform
meaningful and purposive behavior which is
aimed at some specific tasks. In order to check
and evaluate those building code before
applying them to real robotics, simulation is
always used. In the demand of novel and
variant applications, the complexity for
designing robotic system keeps increasing.
This makes the simulator of these systems
extremely hard to write.
    Traditional way of writing robot simulators
always based on a case-by-case basis. This
requires a lot of work when changing the robot
specification. Thus, we hope to find a generic
and systematic way to implement high-
precision simulators quickly.

A New Approach in Modeling and Simulating
Mobile Robots
Angela Y. Zhu and Walid Taha, Rice University

Introduction & Motivation

    Our idea of generating simulators
in a systematic way mainly includes
two parts. The first part is
constructing mathematical models for
the robotic system we wish to
simulate. The other part is converting
from the mathematical model to
simulators. Besides the correctness,
we must guarantee that, every step of
generating simulators is fully
determined by the input so that the
whole procedure can be done in a
much mechanical way.

Approach Outline

    Go from an original description of a robotic
system to some formal model that can be directly
converted into an implementation, we need some
models in-between to facilitate the process.

    Usually we can have three kind of models.
Since actions in the physical world of robotics
are subject to physical laws and geometric
constraints, the first model we are easy to
construct is an ad-hoc model which describes all
constraints with mathematical equations. Then,
we might want to see what is the exact behavior
of  the robot in reacting to some input. A good
idea is to wrap all the constraints inside a model.
Outside the model, we can only see the variable
representing interesting states of the robot, and
these states will only change according to the
input of the robot. This model, which we call it
state model, have a nice mathematical form
telling the state translation rules of the robot
system, but usually is not easy to be directly
implemented in a programming language. So the
last model we build, can be a reforming of the
state model but is much easier to be converted to
codes in a mechanical way.

Modeling Methods

    To see how the modeling methods work for generating
simulators, we have conducted a simple case study. The specific
robotic system considered here is a vehicle whose kinematic model
approximates the mobility of a car. We assume that the front
wheels are used for steering. Two wheels on each axle collapse into
a single wheel located at the midpoint of the axle, which are
denoted as F and R respectively. B=F-R is the body of the car.
Intuitively, the car has two kinds of constraints that need to be
satisfied during all moving. One is its length never change; the
other is the direction of front and rear part are decided by the
orientation of front wheels and rear wheels respectively. We use Q
for pair of F and B.

A Case Study: modeling and simulating a car-like mobile robot

    Notice the state model in model II gives the translation rules of the car’s state in a way that the Q’ is
decided independently by current B and input. If we can implement the parenthesis part on the right side of
equation in Model II, a simulator which simulates the behavior of this robot system is implemented.
However, there are difficulties in realizing Model II.

    Since B is part of Q, model II means that Q’ is decided by B while the change of B is also decided by
Q’. Simply it says the computing of Q’ and B can not be taken apart. The exact solution in Model III which
is directly integrating of Model II is good in a mathematical form, but there is no way to work out a closed
form solution for this equation easily.

    An alternative of realizing Model II is Model IV, which moves the car in small steps. For every step, we
compute Q’ using old B value and then update B using the new Q’ value. We have using some special
input case which can give a closed-form solution from Model II and compare the simulation results using
both Model II and Model IV, we found that the difference between this two methods, one approximate and
another exact, is acceptable. (Take time step as 0.001s, speed as 1m/s and steering angle 30 degree,  the
difference is less than 0.001%/s.

Challenging in Simulation and a Promising Solution
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    Model I describes the constraints above intuitively. Here |B|
is the length of the car, which originally is l.. s is the absolute
input speed and phi is relative steering angle to car body, dot
above a vector denotes the first derivative of the vector, which
is speed in this case and r(phi) is rotation matrix of angle phi.

   Model II is state model explained in the modeling methods.
Model III and IV give two different method to compute Q at t.

    We are going to use OCaml to implement Model II and Model IV which constructs a simulator. There
are several questions need to consider in more detail before we can make good use of our modeling and
simulating method. The first is correctness. The method we presented has some approximation in last few
steps and thus we must guarantee the difference is always with an acceptable range. The second issue is
how to choose an appropriate level of abstraction that, at one hand the models are still easy to get, while at
the other hand it is also easy to derive solutions from this model systematically and easily.

Future Work


