[MATH2605] Project 1
A nonlinear ODE used to move a robot car.

A background

Consider a car. Let its position e y), and let its orientation angle ke

We define the state variablgs x,, andxz as

X1 = Xcog0)+ysin(0)
Xo =T 1)
X3 = Xsin(6) —ycog0)

Since the car can move forward only, the constraigyis= tan(0). The derivatives of (1) can be written as

X1 =V—X3®
Xz =0 N (2)
X3 = X1 0

wherev is the forward/backward velocity (gas pedal), ands the angular velocity (steering wheel). We can now
choosev andw to move the car. The derivation of (2) is not important for this project.

ODE#1

Lets= x3—X1X2/2 andr = /X2 + x3. We first choose andw as

S
V= —klxl+u1r—2Xz

3)

S b
0 = —KiXo — M1 5%



wherek; andyu; are some fixed constants. | chdgeandu; by trial and error, and provided them in the source code.
By plugging this into (2), we obtain an ODE

. S S
Xp = —kixg + H1 % — X3 (_klx2 - Nlrjxl)
. S
Xo = —KiXo — H1 X1 : (4)
. S
X3 =X1 (—k1Xz - ulr—le)
This ODE can be used to move the car. Implement a forward-Euler solver by completing the missing five lines in

the provided processing file “robotl.pde”. Once done, you will see a car showing a parking maneuver. Post the applet
in a web page and email me the link to it.

ODE#2
Lets=x3—Xix2/2 andr = xf +x§. We now choose velocities in a different way.
X1
V= —ko———— + upsab(sr
] ppsab(s,r) -
X2
o= —kyo———— — upsat(sr
] posat(s,r)
where the sat, are defined by
S\ X . 10
)= >
sat(s,r) = Sat(r) ro’ ?f rz10
sgn(s) , if r<10°10
x L if ¥ <1
safx)=¢ 1 ,if x>1 (6)
-1 ,if x<-1
0 , if x=0
sgnx)=< 1 ,if x>0 .
-1 ,if x<O

Copy the provided “Robotl.pde” file as “Robot2.pde” (of course in a folder named “Robot2”). Implement the
forward Euler solver of (5) on this copied file. You may see a car motion with less oscillation.
Submission

Create an web page that contains "Robotl.pde” and "Robot2.pde” as applets, and then email the link to the web page.
If you cannot make a web page, please email these files directly to me, but the grading may be delayed. The due date
is Apr. 2nd, Monday.

Extra credit

You can work on anything you want. The due date for the extra credit part is Apr. 30th. Possible extra credit works
are

e Make robot move to anywhere on the plane in any orientation. Some user interface will be a plus: You may
click and draw a direction to specify the destination and orientation.

Compare the two ODE by showing two cars.

Visualize path.

Any user interface.



