CSE4421: Assignment 3

Burton Ma

Posted: Sun 21 Mar, 2010
Due: Mon 05 Apr, 2010

1. Consider the planar prismatic-prismatic robot showrmefollowing figure (joint 1 slides up and down
in the page, and joint 2 slides left and right in the page).
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The Denavit-Hartenberg parameters of the robot are showreifollowing table.

il ai—1 | a1 | d; | 0;1
1 0 0 dq 0
2 0 —90° | dy 0

(a) Compute the angular velocityw, of the end effector (link 2) and the linear veloctty, of the origin of
frame 2; Equation 5.48 in the textbook is the appropriateatign to use. Even though the robot is planar,
you should compute the velocities as 3-dimensional vectors

(b) What is the JacobiahJ relating the joint velocities/; andds to the linear and angular velocities?

(c) Consider only the x 2 sub-matrix of’.J that determines the non-zero components of the linear igloc
215. s this matrix invertible? Are there any singularities lo¢ robot in the plane of its motion?



2. Consider a bicycle with two steerable wheels as showreifdifowing figure. The front and back wheels
of the bicycle are connected by a frame of lengtimaking an angl® relative to the worldX-axis. The
front wheel is powered having a ground speedand making an angler with the bicycle frame. The rear
wheel makes an angter with the frame. The origin of the bicycle is located on thecaod the rear wheel.

(a) Find an expression for the angldn terms ofar andag.
(b) Find expressions faRr and Ry, in terms of L, ap, andag.

(c) What ground speedy of the rear wheel is required for smooth rolling motion?



3. Suppose you have a mobile robot with a range sensor thaumesathe location of a point on a solid
object; its measurement noise (assumed to be additiverzeam Gaussian) is smaller in the direction per-
pendicular to the object surface than in the direction tatigkto the surface as shown in the figure below
(the shaded ellipse is the covariance ellipse of the meammnts).
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The file/ cs/ dept / ww/ cour se/ 4421/ assi gnment s/ a3. mat (also available on the Web hére)
contains 100 sample measurements of a single point on aagalidd in some world coordinate frame; the
measurements are in the world frame (not the robot framepy @w file into a working directory and load

its contents into Matlab by typing

| oad a3. mat
The file contains a single variab@of size 100 rows and 2 columns where each row is a measurerhent o
the world coordinates of the point. You can compute the samman and sample covariance of the mea-

surements by typing (in Matlab)

mui = nean(Q;
C

= cov(Q;
(a) Estimate the coordinates of the measured point on tHe wal
(b) Estimate the angle of the wall relative the theaxis of the world frame. Show your Matlab code.

(c) Estimate the covariance matrix of the measurementirotot frame; assume that the sensor is mounted
so that it points in the positiv& -direction of the robot.


http://www.cse.yorku.ca/course/4421/assignments/a3.mat

