Lesson 13 Robot Shooter   ME 2800
Mike Thorburn, Lecturer

The local high school robotics team needs your help.  The captain brought you a program that FIRST Robotics gave him that represents the playing field in which their robot must work.  It shows where the robot shoots its canon, the location of the target, the walls of the room and the height of the roof.  He does not have his own computer.
Problem 1:    
[bookmark: _Hlk513143959]Type and run this program for the robotics team captain.

xmax = 20;   ymax = 10;
% define postion and height of target

xtarget = 15;       % m   ... location of front face of target
ytarget = 1.0;      % m   ... height of target
depthTarget = 1.0;  % m  .... depth of target

% draw target and room
hold on
targetlocationx = [xtarget, xtarget, xtarget + depthTarget, xtarget + depthTarget];
targetlocationy = [0, ytarget, ytarget, 0];

plot(targetlocationx, targetlocationy)
axis([0, xmax, 0 , ymax]) 

%draw robot
robotlocationx = [0, 0.5, 0.5];
robotlocationy = [1.5, 1.5, 0];
plot(robotlocationx, robotlocationy)
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Since this is a high school team, their ability to do physics is not great.   The captain asks you for help, as he knows you must have learned about this stuff in the engineering department at Cal State LA.    You dust off your old ballistics text and realize that the equation for canon ballistics is:
[bookmark: _Hlk513144780]


where	 	and	

You remember that your extraordinary MATLAB teacher taught you that you could define this with the simple program.

t = 0:.01:10;
x = x0 + vx *t; 
y = y0 + vy *t + 0.5 * a * t.*t;


Problem #2
Type and run this program.   Use the command plot(x,y), to show the result.   You need to determine a good value for the initial angle and initial velocity?    Find a set of values that hit the target.

Problem #3
A quiet math guy who is in several of your classes but hardly ever talks, hands you a sheet of paper, with the following loop written on it.   He suggests you could use the following loop to plot the routine creatively.
for n=1:length(y)
    plot(x(1:n),y(1:n))
    pause(0.05)
    if(y(n) < 0 || x(n) > xmax)
        break
    end
end

[bookmark: _Hlk513145822]What is the purpose of the loop?   What does the plot(x(1:n),y(1:n)) do?   This math guy must be weird or something.   Never-the-less, you take the program and try it.   What does it do?  How does it work?   Explain.

Next you give your result to the robotics team captain and he and his high-school team build the canon for the robot to your specifications.   It does not appear to work.  He says he can only build the canon to fire the projectile at a velocity within a precision of 7.5%   The variation is random.
You don’t remember what to do.  Your Matlab professor retired long ago and you have misplaced your notes.   You are frustrated when all of a sudden you see the math guy in the coffee shop.   You offer to buy him an espresso, because you heard math guys love coffee.  He says he prefers cappuccino and agrees to help you, if you buy him a double.
After he finishes his drink, he writes some notes on a piece of paper that say:

Use rand(), to add a random disturbance on to the velocity vector.   Don’t forget to normalize it so that it ranges from -7.5% to +7.5% of the desired velocity.   You wonder what rand() does.

Problem 4.   What does rand() generate?
Problem 5.    Write a code that adds a random error between -7.5% to +7.5% on to the initial canon velocity.
Problem 6.   Adjust your initial velocity and angle recommendations to improve the result.   Use 10 or 15 trials to see how many hit the target.   How many do?

You give this updated information to the captain of the robots team and he gratefully takes it back to the high school.   Days later, he comes back again.  He tells you that the results improved but still are not perfect.   You don’t know what to do.
The math guy is still at the coffee shop.   He points out that the angle he fires the projectile is only accurate to about a 5% level.    You gratefully buy him another cappuccino.  

Problem 7.  Write a code that adds a random error between -5% to +5% on to the initial canon angle.
Problem 8.  Update the recommended desired angles and velocity to maximize the number of target hits.  How many hits can you get in 10 or 15 trials?

Problem 9.  Update the code to plot different colors for each path.
