
MEC4456 / TRC4800 Robotics Lab 2 

Trajectory Generation with the Simulated Bioloid 

Humanoid Robot 

In this laboratory class, you will be given access to a Simulated Robotis Bioloid Premium 

humanoid robot via MATLAB with which you will implement and examine the theoretical 

knowledge you have gained so far in Robotics MEC4456 / TRC4800. During this class you 

will be required to perform a number of tasks with your robot and have them checked by a 

tutor. All required tasks to be completed are displayed in bold typeset. After this lab you 

will also be required to submit a report on your findings, details of which are found at the end 

of this document. Please note that all MATLAB files you are required to edit are found in the 

‘functions’ folder. 

 

Note: All task space points in this laboratory are relative to world frame {W}, which is coincident 

with the Bioloid body frame {B}.  Only Limb 2 (right arm) will be utilised in this Laboratory. 

Part 1: Trajectory Generation 

There are many ways of defining paths for the end effector of a mechanism, such that it gets 

from point A to point B, in either task space or joint space. However, obstacles may exist in 

the most direct path from A to B making the path unviable. Thus, to create an obstacle free 

path from A to B, a series of intermediary points known as via points are introduced, points 

that we wish for the end effector to pass through without stopping. As a result, multiple paths 

between points need to be defined and “stitched” together. One way to define these paths are 

as a series of cubic splines. Cubic splines are third-degree polynomials that allow for smooth 

and continuous trajectories in position, velocity and acceleration when multiple splines are 

“stitched” together, provided boundary conditions are maintained. 

 

Task 1.1) Write a MATLAB function which generates cubic spline trajectories for a 

single actuator which can visit any number of via points.  Use the skeleton code 

cubic_spline.m, to achieve this. 

 

Upon opening this m-file, in Cell 2 of the code, you will find matrices A and b are missing.  Use 

a for-loop construct to fill in matrices A and b, where A is the coefficient matrix and b are 

constants to each cubic equation.  Most of your code will go into this section, but you are free 

to modify other parts of the m-file if necessary.  This m-file is well commented, so take time to 

read it and understand the inputs, outputs and variables!   

 

Task 1.2) Using the ServoMoveCS() function, animate the trajectory of the Limb 2 (right 

arm) defined in Table 1 on the Bioloid model.  Refer to the model documentation on the 

inputs required for this function.  Provide joint angle plots of this trajectory.  Tip: The 

ServoMoveCS() method calls your cubic_spline.m m-file that you completed in the previous 

task.  ServoMoveCS() will provide all the correct inputs needed for cubic_spline.m to 

function correctly. 



 

Table 1: Data for Cubic Spline Trajectory for Limb 2 (Degrees) 

Time (s) Actuator 1 Actuator 2 Actuator 3 

0 0 0 0 

2 90 0 -90 

5 -90 45 -45 

 

Task 1.3) Regarding Task 1.2, how many cubics and coefficients are required to 

generate the trajectory in Table 1? Write down the cubic functions that you find and the 

time range for which they are valid. 

Part 2: Joint Space Trajectory 

In Part 1, we generated a trajectory in joint space using cubic splines. All via points were 

defined as angles for all actuators; hence trajectory generation was performed in joint space.  

However it is generally more desirable to define trajectory points of the end effector in task 

space because this is the space we normally work in. Therefore in this task, we will define the 

start, end and via points in task space (position and orientation in 3D space), but generate the 

trajectory in joint space (joint angles) that allow us to visit all the required points. To do this, 

we must convert task space points to joint space points using inverse kinematics. An overview 

of the trajectory planning process is shown below. 

 

Task Space Points => IK => Joint Space Points => Trajectory Generation => Joint Space Path 

 

Task 2.1) Using the ServoMoveCS() function, generate and animate a joint space path 

that visits the following tasks space coordinates (in mm) in Table 2 at the times 

specified.  Provide joint angle plots of this trajectory.  Tip: Use functions you may have 

used from Laboratory 1.  Where multiple solutions exist, choose a solution closest to the joint 

angles representing the previous point, or (-80, -68, -14) for Point 1. 

 

Table 2: Data for Cubic Spline Trajectory for Limb 2 

Point Time (s) Task Space Point (mm) 

1 0 (106, -22, -219) 

2 2 (120, -22, 123) 

3 2.5 (10, 20, 70) 

4 3.5 (80, 20, 100) 

5 5 (106, -22, -219) 

 

Task 2.2) What is the robot simulating?  Tip: It is a form of greeting. 

 

Task 2.3) Does the shortest trajectory in joint space guarantee us that the trajectory in 

the task space is also the shortest? Why? 

Part 3: Task Space Trajectory 

In the previous task we defined via points in task space but generated the trajectory in between 

via points in joint space. We will now perform all trajectory planning in the task space. That is, 



we will now use cubic splines between via points in the task space to find a trajectory in terms 

of x, y and z, not joint angles. The path generation process is as follows: 

 

Task Space Points => Trajectory Generation => Task Space Path => IK => Joint Space Path 

 

Task 3.1) What are the disadvantages of the joint space trajectory generation performed 

in Part 1?  Tip: Think in the context of end-effector controllability and obstacle avoidance. 

 

Task 3.2) Calculate a task space trajectory using the points in Table 2.  Assume a time 

step of 0.01 s.  Provide trajectory plots.  Tip: Ensure you save the output task space 

positions and time stamp vector.  You should get a [501x1] vector for each of the x, y and z 

positions, and a [501x1] vector for the time stamp. 

 

Task 3.3) With the task space points in Task 3.2, use inverse kinematics to find the joint 

space solution for each point.  Describe any issues you encounter.  Tip: See Task 2.1 

tips.  Also, stop solving the IK for all points if you encounter any problems. 

 

Task 3.4) Fix the problems encountered in Task 3.3.  Describe your solution.  Tip: Adding 

extra via points is a good start! 

 

Task 3.5) Animate the task space trajectory using the ServoMove() function.  Refer to 

the model documentation on the inputs required for this function.  Provide joint angle 

plots, and ensure you still visit all via points at the correct times. 

Lab Report Requirements. 

A formal lab report (i.e. Aim, Method, Results, Conclusion) is not required. Your report simply 

needs to have addressed the bolded tasks outlined throughout the lab instructions. A summary 

is as follows: 

● Task 1.1) Provide the completed skeleton code cubic_spline.m. 

● Task 1.2) Provide joint angle plots of this trajectory. 

● Task 1.3) Provide answers to this question. 

● Task 2.1) Provide joint angle plots of this trajectory. 

● Task 2.2) Describe the robot’s action. 

● Task 2.3) Provide an answer to this question. 

● Task 3.1) Provide an answer to this question. 

● Task 3.2) Provide trajectory plots. 

● Task 3.3) Provide a description of any issues encountered in this task. 

● Task 3.4) Provide a description of the solution implemented in this task. 

● Task 3.5) Provide joint angle plots of this trajectory. 

 

Please also submit cubic_spline.m found in the ‘functions’ folder, and any other m-files used 

in each task.  Your final submission should include a pdf of your lab report and any requested 

MATLAB files.  Please refer to Moodle for submission details including date and location. 


