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Abstract. In this Masters project, we develop a simulator for LEGO 

MINDSTORMS™ to simulate the actions of LEGO robots in a virtual 3D 

environment using Open Dynamics Engine (ODE) and OpenGL combined with 

ROBOLAB™.  Users can test their ROBOLAB program through the 

simulator before downloading it into the LEGO MINDSTORMS RCX. 

Moreover, the simulator can track and display ROBOLAB program execution 

as the simulation runs so that users can view that a certain code execution refers 

to a particular action of the virtual robot. 
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1. Introduction 

Simulation plays an important role in education and training, as well as in robotics 

development, such as Webot™ [2]. This is because simulation not only provides a 

faster and cheaper way to design and develop robots, but also enables users to explore 

environments and experiment with robotic events that may be unavailable because of 

distance, time, or safety factors.  

  
Fig. 1. Robotic Command 

Explorer (RCX) 

Fig. 2. A sample LEGO MINDSTORMS robot with two 

motors connected to the RCX 

LEGO MINDSTORMS and ROBOLAB are used to help students learn science, 

technology, engineering, and mathematics concepts with hands-on, naturally 

motivating building sets, programming software, and curriculum-relevant activity 

materials [1]. LEGO MINDSTORMS toolkits contain a programmable LEGO® brick 



called a Robotic Command Explorer (RCX) (see Fig. 1), LEGO pieces, sensors and 

motors.  

  To enable a LEGO robot to execute certain actions, users can use ROBOLAB to 

program the behaviour of the robot and download the program into the RCX. In the 

ROBOLAB environment users can program the functions of a LEGO robot using 

LabView visual programming terminology [3], which uses icons that are wired 

together, rather than typing in lines of code (see Fig. 3). Hence, with ROBOLAB, 

users including young children can design and program their LEGO robot by 

selecting recognizable images. 

 

 

 

Fig. 3. An example of a ROBOLAB program, which instructs a motor to go forward for 2 

seconds and stop 

  However, users cannot test and debug their ROBOLAB control program before 

downloading it into the RCX. As a result, the LEGO robot might not have the 

expected behaviour because of errors within the program. Moreover, there might be 

some people who may not have access to the LEGO MINDSTORMS toolkits because 

of lack of resources. Hence, in this project, we develop a simulator for LEGO 

MINDSTORMS using OpenGL graphics software library and Open Dynamics Engine 

(ODE). ODE is a software library for simulating articulated rigid body dynamics. [4] 

2. System Overview 

The controller program, ROBOLAB, generates instructions in the LEGO Assembly 

Language (LASM). See for example Table 1. The simulator reads the LASM 

instructions directly from ROBOLAB, and generates the corresponding actions of a 

virtual LEGO robot using OpenGL together with ODE. OpenGL is used to display 

both the components of the robot and the 3D environment in which it moves. ODE 

constructs a virtual robot using these components, incorporating realistic physics 

effects, such as wheel turning friction and collision detection. Note that before 

running a simulation OpenGL and ODE are used to construct pre-defined 

environments and virtual robots so that users can select a robot and its environment 

immediately before the simulation runs. 

Table 1. Examples of LASM codes 

Example Codes Comments 

dir 2,1 change the direction of the listed outputs (e.g., a motor) 

Label1003 
address that can be used to jump to different program 

instructions 



3. System Architecture  

The system has two main parts including the robot programming environment 

(ROBOLAB) and the robotic simulator (see Fig. 4). In the simulator, the actions of a 

pre-defined virtual robot within its environment is programmed with OpenGL and 

ODE in the C++ language. As the Robot Controller interprets the LASM commands 

the user can change the 3D view using the GUI. 

 

 

Fig. 4. The main components of the system  

Robot Controller. The robot controller reads the LASM commands from ROBOLAB 

and calls an executable C++ function corresponding to each command, in order to 

generate the actions of the robot (see Fig.5). 

 

 

Fig. 5. The structure of robot control program 

An array list is used to store all the LASM commands that are generated from 

ROBOLAB in sequence. A label dictionary sorted list is also created based on the 

LASM array list. This stores the index number of an address, Label1002 for instance, 

as a reference to the array list so that we can locate the label in the array list. We have 

implemented a simple virtual machine which executes each LASM command within 

the array list in sequence. The sorted list provides quick access to the appropriate 

location in the array list when branching occurs. As each LASM command is 



executed a case statement is used to select the appropriate function to be executed. 

The function may involve execution of OpenGL or ODE commands or it may simply 

involve the transfer of control to elsewhere in the array list via the sorted list of labels. 

3D Scene. The 3D robots are pre-defined using ODE and OpenGL. OpenGL displays 

the environment with the use of features such as lighting and texture mapping, and 

generates components such as a box, sphere and cylinder which are used to construct 

a virtual robot. ODE constructs a virtual robot by connecting these components using 

different joint types and including integrated collision detection with friction to 

simulate realistic physics. 

GUI. Users visualize the behaviours of the virtual robot, and are able to interact with 

it within the 3D environment using a GUI. For instance, users need to choose a pre-

defined virtual robot from a list before the simulation runs. Users also can change the 

viewpoint and lighting using the keyboard or mouse. In addition, program execution 

is tracked and presented in the display area.  

TCP / IP Communication. The simulator communicates with ROBOLAB through a 

TCP/IP port. The simulator acts as a server application and receives and sends data 

using a TCP/IP socket. On the client side, ROBOLAB sends program data to the 

simulator through the same TCP/IP port.  

4. Results and Future work 

Currently, the project is still in the development stage. The simulation is limited to the 

simple motion of a vehicle with two motors. The virtual vehicle can go forward or 

backward for a certain time period that is controlled by ROBOLAB. For future 

enhancement, sensors including a touch sensor and a light sensor will be implemented 

to incorporate physics provided by ODE so that the virtual vehicle can perform more 

complex actions, such as reacting to collisions or following a pre-defined track.  
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