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Abstract 

The scope of this lab is to introduce different skills to successfully control the OpenManipulator-X 
robotic arm so that future complex task of sorting-colored balls from a chess board can be performed. 
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Introduction 
In this lab, we explore the fundamentals of robotic movement and data acquisition using an 
OpenManipulator-X robotic arm, as seen in Figure 1. The OpenManipulator-X is a serial arm that 
consists of four degrees of freedom (DoF). Serial manipulators are made up of links that are actuated by 
servos to form a kinematic chain (Universal Robots, 2022). In this case, DYNAMIXEL motors are used 
to drive each rotational joint, with an additional servo controlling the gripper.  
 

The goals of this lab were to create Matlab scripts for actuating the arm to specified positions, collecting 
joint data and timestamps, and analyzing the consistency and timing of these movements across repeated 
trials. These objectives were accomplished through the utilization of Github, which allowed for seamless 
collaboration and version control. We worked to set up a local machine to be able to communicate with 
Git as well as configured paths in Matlab to enable the Dynamixel SDK. 

 

 

Figure 1: OpenManipulator-X robotic serial arm with 4 DoF. Five motors labelled at the base, shoulder, 
elbow, wrist, and gripper. 
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Methodology 

1. Setup and Initial Positioning: 
o A MATLAB script was written to interface with the robotic arm using provided 

class definitions for both reading and writing joint positions. 
o The arm was moved to a zero position to establish a known starting state. 

set_joint_vars()  
Input:  
 self: Instance of the class Robot  
 jointVars: 1x4 array of target joint variables in degrees  
 varargin: Optional, desired travel time in milliseconds  
Output:  
1: ~isempty(varagin)   
2: self.writeTime(travelTime)  
3: self.writeJoints(jointVars)  
Return empty  

read_joint_vars()  
Input:   
 self: Instance of the class Robot  
 GETPOS: Boolean, if true → returns position array in degrees  
 GETVEL: Boolean, if true → returns velocity array  
Output:  
 pos_vel_arr: 2x4 array, first row degrees, second row velocity. If bool=0, return as 0  
1: pos_vel_arr = zero(2, 4)   
2: if GETPOS → pos_vel_arr(1, :)  
3: if GETVEL → pos_vel_arr(2, :)  
Return pos_vel_arr 

2. Use of Git hub  
o Allowed for collaboration and version control. 
o Assigned issues to each teammate.  
o Once solved, we committed our new scripts and edits to git hub. 
o Finally, we merged the completed branch to main.  

3. Movement and Data Collection: 
o The script was further developed to move the base joint of the robotic arm from 

0° to 45° over a period of six seconds. We did this by creating a new script called 
Lab1.m 

o Joint positions and timestamps were continuously recorded during the movement. 
4. Repetition and Analysis: 

o This movement was repeated three times to collect data for consistency analysis. 
o The data were stored in a CSV file and plotted to visualize the joint movements 

over time. 
5. Timing Analysis: 
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o Incremental timestamps were analyzed, and a histogram was created to visualize 
the timing consistency between readings. 

o A second histogram was also created without any outliers.  
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Results 

The data in Figures 1, 2, 3, and 4 was collected by performing three repetitions of moving the base from 
0 to 45 degrees.  

Figure 1 was created by plotting all joint positions during the first repetition. We see that the base moves 
in a cubic equation from 0 to 45 degrees over 6 seconds while all other joints stay stationary at close to 0 
degrees.  

Figure 2 is a plot of the base position during all 3 repetitions of the motion.  

Figure 3 shows a histogram of the Time difference between each reading of the joint positions from all 3 
repetitions.   

Figure 4 is the same as Figure 3 but with the outliers removed via calculating the interquartile range and 
removing data outside of that range. Here the interquartile range is roughly between 15.950ms and 
16.045ms 

                                 Figure 1:                   Figure 2: 

       

                             Figure 3:       Figure 4: 
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Discussion 

 

The results in Figure 1 are what we would expect because the robot is rotating about the base from 0 to 45 
degrees and the travel time is set to 6 seconds. This matches the data showing a cubic motion of the base 
from 0 to 45 degrees over a range of 0 to 6 seconds and cubic motion is a common acceleration strategy 
for robotic arms.  

The results in Figure 2 make sense because the plot of the base position in repetition 1 is identical to the 
base in Figure 1. The other 2 repetitions are also almost identical, but the robot performs the motion with 
minor variations because there is a limit to the level of precision that the code and the hardware can 
accomplish. 

The results in Figure 3 stay consistent with our findings in Figure 2; generally, the robot’s timing across 
the 3 repetitions remains stable. Internally, the robot receives the same instruction set from the CPU, 
however physical limitations prevent total accuracy, resulting in slight variations. The most common 
difference in time is about 16ms, with a small deviation of +/- 0.2ms.  

The graph in Figure 4 depicts a histogram with finer resolution than Figure 3. With the outliers removed, 
it is expected to have a smaller range. Any data point beyond the interquartile range was excluded from 
the graph, resulting in a more standard curve with a deviation of +/- 0.05 ms centered at 16 ms.  

This data demonstrated the robot’s high precision capability and repeatability. The small outliers recorded 
in Figure 2 were negligible. The deviation in time between position readings was largely within a range of 
+/- .05ms centered at 16ms which is well within reasonable. This level of peformance demonstrates this 
system's dependability for precise tasks. 
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Conclusion  
 

This lab serves as the first step in achieving manipulation with the OpenManipulatorX and introduction to 
a wide range of skills sets(includes using GitHub, Linux, Matlab) to perform the ultimate task of being 
able perform different variety of sorting methods with the arm.  
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Abstract



Introduction
Inverse kinematics (IK) and trajectory generation are pivotal in robotic arm manipulation,

enabling precise control over the arm's end-effector to perform complex tasks. In Lab 3, we delve into

these concepts, applying them to the 4-DOF OpenManipulator-X robot arm. Building upon the

foundational knowledge acquired in previous labs, where we controlled the robot arm using forward

kinematics via MATLAB, we now focus on the reverse process. By determining the joint angles necessary

to reach a given position and orientation in space, we harness IK to translate task-space coordinates into

joint-space commands. Furthermore, we explore trajectory generation methods, such as cubic and quintic

polynomials, to ensure smooth and continuous motion between waypoints. This lab's objective is to

synthesize these techniques to move the robot arm along a predefined path, maintaining a fixed

orientation of the end-effector. Through this hands-on experience, we aim to deepen our understanding of

the dynamic relationship between a robot's kinematic configurations and its operational capabilities.

Methodology

Step 1: Deriving the inverse kinematics

The first step was solving for θ1 using the X (Xee) and Y (Yee) coordinates of the end effector with

respect to the global reference frame, and then rotating the arm into the X-Z plane so that the problem can



be treated as a 3 joint, 2D arm, instead of a 4 joint 3D arm:

Figure 1: Page 1 of Christopher Hunt’s work for deriving the inverse kinematics (solving for θ1 and X*

by rotating the arm to the X-Z plane)

Next, a diagram of the robot (in red) with all of the knowns in light blue (X*=Xee* solved for

above, Zee, & ⍺) and the Unknowns that are being solved for in dark blue (θ2 , θ3 , θ4 ) was created:


