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Homework 3:

DH Parameters and Inverse Kinematics

MEAM 520, University of Pennsylvania
Katherine J. Kuchenbecker, Ph.D.

September 30, 2012

This assignment is due on Tuesday, October 9, by 5:00 p.m. sharp. You should aim to turn the paper
part in during class that day. If you don’t finish until later in the day, you can turn it in to Professor
Kuchenbecker’s office, Towne 224. The code must be emailed according to the instructions at the end of
this document. Late submissions of either or both parts will be accepted until 5:00 p.m. on Wednesday, but
they will be penalized by 25%. After that deadline, no further assignments may be submitted.

You may talk with other students about this assignment, ask the teaching team questions, use a calculator
and other tools, and consult outside sources such as the Internet. To help you actually learn the material,
what you write down should be your own work, not copied from a peer or a solution manual.

Forward Kinematics of the PUMA 260 (30 points)

The first two problems center on the forward kinematics of the PUMA 260. We will be using this robot for
the hands-on manipulator labs in this class. It is an articulated robot (RRR) with lateral offsets, plus a
spherical wrist (RRR). The drawing below on the left shows the robot and the arrangement of its joints.
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The schematic above on the right shows the zero configuration we have chosen for use in this class (a different
pose from the drawing at the left). The joint angle arrows show the positive direction for each revolute joint
(θ1 to θ6). All of the joints are shown at θi = 0. The diagram also gives the measurements for the constant
dimensions (a to f), all in inches.
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A few more good questions about DH parameters...
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Denavit & Hartenberg, “A kinematic notation for lower-pair mechanisms based on matrices,” ASME Journal of Applied Mechanics, June 1955

the perpendicular distance between      and           , measured alongzi zi−1 xi

the angle between           and      , measured in the plane normal tozizi−1 xi

the distance along           from            to the intersection with  oi−1 xizi−1

the angle between            and      , measured in the plane normal toxi−1 xi zi−1

(right-hand rule around      ) xi

(right-hand rule around           ) zi−1

The Denavit-Hartenberg Convention
(DH1) The axis xi is perpendicular to the axis zi-1

(DH2) The axis xi intersects the axis zi-1



•What type of robot is this?

•Work with a partner to 
determine:

•Where should all the z-
axes be?

•Where should all the 
frame origins be?

•Where should all the x-
axes be?



What are the DH parameters?



What are the DH parameters?



Questions ?



Project 1 : PUMA Light Painting



Team Formation
You will work in a team of 3

(33 teams of 3, only one team of 4)

Each team must have at least one undergraduate 
and at least one graduate student.  

Submatriculants count as undergraduates.

(52 undergrads, 51 grads)

Try to have two MEAM students and 
one non-MEAM student on each team

(71 MEAM, 33 non-MEAM)

Pick your team by midnight on Tuesday, October 9,
or ask to be assigned.  Email denwong@seas.upenn.edu

Time to meet teammates at the end of class

mailto:denwong@seas.upenn.edu
mailto:denwong@seas.upenn.edu
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Questions ?



A 6-DOF Inverse Kinematics Example:
Articulated/Elbow Manipulator with Spherical Wrist

(pages 98-100, 103, 107-108 in SHV)







A helpful approach for 6-DOF robots:
Kinematic Decoupling

wrist center

tip of robot
(origin of tool frame) position

orientation











wrist center

tip of robot
(origin of tool frame) position
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



cφcθcψ − sφsψ −cφcθsψ − sφcψ cφsθ

sφcθcψ + cφsψ −sφcθsψ + cφcψ sφsθ

−sθcψ sθsψ cθ





The book explains how to calculate the 
three angles given R: see SHV pages 55-56



Euler Angle Explanation





Questions ?



New Office Hours
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