
EECS 464: Hands-on-Robotics Project 2 Report

Purple Team
Luyang Hu, Yichen Zhu, Yuesheng Ren, George Deng

December 2022



Contents
1 Background 1

1.1 Project Task Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1.1 Problem Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1.2 Pass/Fail Requirement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1.3 Performance Goal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Possible Designs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2.1 H Frame + Movable Base . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2.2 5 DoF Robotic Arm with Counter Weights . . . . . . . . . . . . . . . . . . . . . . . 2
1.2.3 H Frame + Scissor Structure Base . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.3 Final Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3.1 Mechanical Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3.2 Software Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Results 4

3 Discussion 4
3.1 Overall Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
3.2 Our Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

3.2.1 Hardware Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.2.2 Software Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3.3 Other Designs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.3.1 Team Maize . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.3.2 Team Blue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.3.3 Team Red . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.3.4 Team Green . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

3.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7



1 Background

1.1 Project Task Specification
1.1.1 Problem Statement

This report describes the details regarding Project 2 in the Hands-On Robotics (HRB) class during Fall 2022.
In this project, each team was tasked to build a robot that was capable of drawing on a piece of paper that
would be placed in a 33 x 33 x 33 cm cube workspace. The paper’s normal [x,y,z] would be in the direction of
one of [1,0,0], [0,1,0], [0,0,1], [1,0,1], [1,1,0], [0,1,1], or [1,1,1]. On the day of the competition (P-day), each
team had a ten-minute calibration period, during which each team could manually guide the pen in any position
and/or orientation in the work area or manually move their robot. Afterwards, each team got ten minutes of
drawing time, and the instructor announced the (X, Y) target coordinates and the scale S. The goal was for the
robot to draw a square at the target location with the specified scale.

1.1.2 Pass/Fail Requirement

The pass/fail requirements for Project 2 were as follows:
1. Draw a closed shape on paper with four identifiable corners and at least two orientations.
2. The shortest ”side” of the shape must be at least 5 cm.

1.1.3 Performance Goal

Each team will be scored on its run with the best performance. The score for the drawing will be the RMS
distance between the markings drawn and a theoretical perfect square at the target location and scale.

1.2 Possible Designs
1.2.1 H Frame + Movable Base

A proposed design of the H frame is shown in Fig 1. In the H Frame design, only two motors were needed. This
design allowed drawing simplified control by decoupling the x and y axes on the drawing plane. However there
were some limitations when using it, it has to be parallel to the drawing surface and the structure is complex
as it required the team to mount eight pulleys in total. To move the H frame onto the page, this design added
a movable base and an arm to hold the frame. The movable base was inspired by Green Team’s design from
Project 1, as shown in Fig 2. With this base, the location of the whole system could be handled by controlling
the motors and it could also decrease the complexity in controlling the arm.

Figure 1: Mechanical structure of H Frame Figure 2: Mechanical structure of movable base
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https://www.youtube.com/watch?v=IkM2K7CsiHo&ab_channel=thang010146
https://wiki2.eecs.umich.edu/instances/hrb/images/5/51/2022-P1-green-report.zip
https://wiki2.eecs.umich.edu/instances/hrb/images/5/51/2022-P1-green-report.zip


1.2.2 5 DoF Robotic Arm with Counter Weights

The second design was a five degrees of freedom robotic arm and is shown in Fig 3. In this design, only
five degrees of freedom were needed because we would remove the sixth axis which was used to rotate the
pen. This design allowed our robot to reach every point in the work zone. At the same time, this design also
produced large loads on the motors and would be more complex to control.

Figure 3: Mechanical structure of 6 DoF robotic arm

1.2.3 H Frame + Scissor Structure Base

The third design was an H-Frame buggy with a scissor mechanism and is shown in Fig 4. This design was
inspired by the 2017 blue team. However, the 2017 blue team’s design could not reach the page if placed
horizontally at the top of the 33cm x 33cm x 33cm box. We decided to add a scissor structure on the base to
solve this problem. In this design, motors 1 and 2 would control the two scissor structures to make the base
go up and down. Motor 3 would rotate the H-frame. Meanwhile, Motor 4 and 5 controlled the H-frame so the
robot could draw a 2d shape in any orientation.

Figure 4: Mechanical structure of 5 DoF robotic arm

1.3 Final Design
1.3.1 Mechanical Design

The final mechanical design consisted of a movable base with a three degrees of freedom arm. We decided
to go with a three omni-wheel design for the movable base. We laser cut a fiberboard base with two sets of
radial slots whose widths were 4mm, which were used in conjunction with 3D-printed supports to increase the
stability of the robotic arm. The radial slots were long enough to allow the arm to reach every possible point
in the 33cm x 33cm x 33cm workspace. This mechanism can be seen in figure ?? and ??.
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https://wiki2.eecs.umich.edu/instances/hrb/images/7/7d/2017-P2-blue-report.zip
https://www.youtube.com/watch?v=Vh3PuY2JXVM
https://en.wikipedia.org/wiki/Omni_wheel


https://wiki2.eecs.umich.edu/instances/hrb/images/3/3d/2022-P2-Maize-howto.zip
https://wiki2.eecs.umich.edu/instances/hrb/images/5/5e/2022-P2-maize-report.zip
https://wiki2.eecs.umich.edu/instances/hrb/index.php/File:2022-P1-green-report.zip
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