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Abstract 

This report presents the design and development of a control and interface system for a flight 

simulation ride experience. The project is conducted in collaboration with other final-year 

students and the Royal Aeronautical Society as part of the Falcon 2 program [1]. Coventry 

University is also contributing by designing virtual flight experiences in X-Plane 11, the chosen 

flight simulator. The aim is to create an accessible ride for outreach events such as school visits 

and expositions. 

While other students focus on designing the accessibility features of the simulator, this project 

focuses on developing the middleware between the simulator and physical platform. This 

middleware interprets motion data from the virtual aircraft into the appropriate platform actuator 

movements. This allows the software to deliver an immersive experience comparable to existing 

flight simulators.  

A key aspect of this work is the platform’s novel use of fluidic muscle actuators which operate 

without position feedback unlike most existing solutions. Moreover, there is limited software 

aimed at motion platform control via X-Plane which introduces unique technical challenges. 

The system builds upon pre-existing control software from the MDX rollercoaster platform, 

adapted for a new wheelchair-accessible design. Extensive calibration tests were done on the 

muscles to account for the lack of muscle position feedback. The final deliverable is a piece of 

accessible software that connects X-Plane to the motion platform. 
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1. Introduction 

1.1. Background and Motivation 
A motion platform in the context of virtual simulators, such as flight and racing simulators, is a 

mechanically actuated system designed to replicate real-world movements by tilting, rotating, or 

translating in response to simulated forces. Figure 1.1 is a CAD image of the original motion platform 

this project is based from [2].   

 

Figure 1.1-CAD image of initial MDX rollercoaster motion platform. 

 

The platform made use of VR technology to provide an immersive yet fixed rollercoaster experience. 

This was a project originally led by Professor Brendan Walker and showcased at FutureFest 2015. This 

particular motion platform uses 6 fluidic muscles to translate and rotate the user in all 6 Degrees of 

Freedom (DOF). Fluidic muscles are hollow tubes made of fibre material which contract by a given 

amount when a given air pressure is set to them. 

Even after the initial rollercoaster, there were further iterations such adding a fan in front of the user to 

simulate rushing air and further enhance the experience. Figure 1.2 shows the motion platform iteration 

with a blower fan showcased in New Scientist Live 2019. 

 

Figure 1.2-Rollercoaster motion platform with blower fan showcased in New Scientist Live 

In essence, this project aims to create a new flight motion platform based off the existing work done on 

the previous rollercoaster motion platform. The new flight motion platform gives the user control over 

the experience unlike the rollercoaster motion platform which was a fixed experience. This milestone is 

highly motivating because, if successful, it will be a meaningful project that continues to be used long 

after its completion and could even inspire others to innovate further just like the rollercoaster motion 

platform did for this project. 
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1.1 . Aims and Objectives 
The main goal of this project is to develop a piece software that links X-Plane’s aircraft telemetry to a 

wheelchair-accessible motion platform, enabling a broader range of users to experience and control 

flight simulations. The project's direction and challenges are largely shaped by the constraints of the pre-

existing platform design of which the project focuses on. 

List of key objectives this project aims to achieve is outlined in Table 1.1 

Table 1.1 List of objectives this project aims to achieve. 

Requirement number Requirement Description 

1 Software has a basic user interface that allows the operator to control if and how the flight 

motion platform moves according to the input telemetry. 

2 Software provides START/PAUSE/STOP functionality to control the ride simulation as 

required. 

3 Software is able to accurately set each muscle’s length to a desired length without muscle length 

feedback. It will only achieve this by setting their pressure. The desired tolerance must be 

within +-25mm uncertainty range. 

4 Software is able to set the platform’s pose accurately enough for each motion to be noticeable to 

the naked eye. For example, the software can move the platform forwards or backwards in a 

visibly straight line. Target pose accuracy is very lenient in this project. 

5 Software takes into account the “safe state” of the wheelchair through input dock sensors. If the 

chair comes loose itself from the platform, the platform will halt to a stop in a pre-determined 

“safe state” pose. 

Advanced Objectives 

6 User interface is friendly and can be easily used by an inexperienced operator with minimal 

training. 

7 User interface allows operator to manually control the chair’s pose and see a side-by-side 

simulation of it. 

8 Software allows support to connect chair to other flight sims aside from X-Plane. 

9 Final ride platform has VR support for further immersion 

 

1.2.  Scope and Contributions 
The scope within this project is strictly limited to working with the pre-designed flight motion platform 

which is being built into the final prototype independently of this project. This means that there will not 

be any focus on designing or building any part of the physical flight motion platform at any point. This 

project focuses on just developing the middleware between the simulator and the flight motion platform. 

This scope alone is enough to fill the limited 12-week project timespan. 

The key contributions include adapting previously fragmented work and knowledge from various 

motion platforms. In addition, it incorporates independent research on the new, larger fluidic muscles 

used in the new, larger flight motion platform. The goal is to create a system that allows both wheelchair 

and non-wheelchair users to experience an immersive flight simulation. 
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1.3. Main project Resources and Repository Access 
he GitHub repository [3] serves as the final submission repository for this project. In contrast, the 

GitLab repository [4] contains the complete commit history and all changes made throughout the 

development of the project. As a result, the GitLab repository is significantly larger, approximately 

3GB, due to its inclusion of the entire project’s history. 

[5] references this project’s blog page where this project’s progress across the 12-week timespan is 

further detailed in a weekly basis. The blog includes further material such as weekly videos and Gantt 

charts over time. 

[6]is the GitHub repo for the previous MDX rollercoaster motion platform control software. This repo 

only contains the necessary software to move the platform through code and nothing else. This project 

borrows existing parts of code solely to save time on developing the basic movement software from 

scratch. 

 

2. Technical Background and Literature Review 

2.1. Brief history and overview of what is a motion platform. 
Motion platforms are mechanical systems that use hydraulic or pneumatic actuators to generate physical 

motion corresponding to a virtual environment or input. They enhance realism and immersion by 

simulating forces such as acceleration, braking, turbulence, and banking. Figure 2.1 shows an example 

of a motion platform being used to film point of view (POV) scenes of a moving truck for a film. 

 

Figure 2.1-Picture of a motion platform used to film POV scenes of a moving truck for a film (Day Shift 2022) 

Resource [7] links to a video showcasing motion platform’s use in filming. Motion platforms are also 

used in professional training, research and amusement rides. Their flexibility to closely simulate any 

situation with movement involved whilst remaining stationary makes their applications highly diverse. 

A brief history and other examples where they are used will be mentioned in this subchapter. 

 

Motion platforms have existed for over 100 years and have evolved so much since. For comparison, the 

earliest known motion platform known as the “Sanders teacher” [8] was made in 1910. It was an 



Control and Interface Systems for a Flight Simulation Experience Report.  Veiga, March 2025   

9 

entirely mechanical system meant to train WW1 airplane pilots. It didn’t have any visual feedback 

elements like monitors or VR, nor it could actively move the user in a convincing manner like 

nowadays. In contrast, the SIMONA research simulator [9] from the Delft University of Technology 

was first mentioned in 1998. It uses large hydraulic cylinders and advanced projection systems to 

closely replicate the feeling of being in an aircraft. A comparison of earliest flight simulator (Sanders 

teacher 1910) to the SIMONA flight motion platform (1998) shown in Figure 2.2 

 

Figure 2.2-Side by side comparison of the Sanders teacher to the SIMONA research simulator. 

As technology advanced from the 1910s, motion platforms began appearing more in the context of 

arcade videogames in the 1980s and now they are widely available as peripherals to enhance user 

immersion in flight simulators, racing sims and novelty ride experiences. Figure 2.3 shows an example 

of a motion platform specialised to be used as a funfair ride. 

 

Figure 2.3-Picture of a 1980s motion platform ride. 
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In a similar scale to the SIMONA flight motion platform also the Motion systems’ PS-6TL-1500 [10] 

which for a similar size uses rigid electric linear actuators to achieve its motion. This platform is mainly 

designed for professional applications, such as those in the entertainment industry. Just like in the 

example shown in Figure 2.1 can use the platform to film vehicle POV driving scenes without needing a 

real moving vehicle. Motion systems PS-6TL-1500 is shown in Figure 2.4. 

 

Figure 2.4-PS-6TL-1500 Motion platform by motion systems. 

With the evolution of technology and readily available simulation experiences in the form of 

videogames, motion platforms are also accessible by the average consumer. Using DOF Reality [11] as 

an example, platforms can come in 2DOF, 3DOF or 6DOF. Most motion platforms used in flight 

simulations utilize a 6DOF 'Stewart platform' configuration. This is the same configuration shown in 

Figure 2.1, Figure 2.2 and Figure 2.4 where 6 extend or contract to move the platform. This 

configuration allows movement in six directions: forward/backward, up/down, right/left, roll, pitch, and 

yaw, just like in a real aircraft. Figure 2.5 shows the 6 distinct motions a 6DOF motion platform is able 

to achieve. 

 

Figure 2.5-Diagram of all the possible movements an aircraft can perform while airborne. 

 

The less advanced 2DOF and 3DOF platforms are aimed at car simulators, since a car can usually only 

move forwards and side to side. The 3DOF platform is a lower cost alternative to the 6DOF platform. 

2DOF, 3DOF and 6DOF platforms are illustrated in Figure 2.6. 
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Figure 2.6-DOF Reality illustration of different platforms they offer, ranging from 2DOF, 3DOF and 6DOF 

 

This project’s platform has 6DOF and will be referred to as a flight motion platform because it will be 

focused on simulating a flight experience as accurately as possible. This distinction also helps to 

differentiate it from the rollercoaster motion platform or any other of the aforementioned motion 

platforms. 

 

2.2. Technologies used on motion platforms. 

2.2.1. Standard platform configuration for 6DOF 

A common overall trend in industry is to use a stewart platform just like in Figure 2.7. The reason for 

this is because this confugration conveniently allows for the user standing on the platform to move and 

rotate in all possible directions through a compact platform with a fairly large working envelope. Refer 

to Figure 2.5 to see the different movement the platform is able to perform. 

 

 

Figure 2.7-Example diagram of a Stewart platform. 
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2.2.2. Actuator control schemes: Closed Loop vs Open Loop 

Another common trend in the industry is the use of electric, hydraulic, or pneumatic actuators with 

closed-loop position feedback control. 

Closed-loop control is a scheme in which a computer system controls an actuator, such as a hydraulic 

cylinder or electric motor, while continuously receiving feedback on the actuator’s actual position. Since 

the computer knows the actuator’s position, it can determine whether to extend or retract it to achieve 

the desired length. 

This, in turn, allows each of the six platform actuators to be set to a specific length, enabling the system 

to achieve a desired pose through inverse kinematics calculations. An example of an actuator with 

position feedback control is shown in Figure 2.8. 

 

Figure 2.8-Example of linear actuator with feedback position control. 

Position feedback control is generally a better option than open-loop control. In open-loop control, the 

system has no knowledge of the actuator’s position; hence, it can only attempt to achieve the desired 

position or response by setting its control signal (pressure, voltage, etc.) to a predefined value. Open-

loop control is very fragile and does not account for changes in the physical system, such as variations 

in load, actuator degradation, or friction. 

In this project, the use of open-loop control for the flight motion platform’s actuators was primarily a 

limitation imposed by the existing hardware, which had to be addressed, as will be shown later. 

2.2.3. Technology behind the previous MDX rollercoaster project 

Industry does not implement inverted Stewart platforms unlike the MDX rollercoaster [12]. This is 

likely due to the regular configuration offering ground clearance by default and thereby a better 

movement envelope. MDX rollercoaster picture is shown in Figure 2.9. Figure 2.10 shows the 

difference between a regular Stewart platform and an inverted Stewart platform. 
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Figure 2.9-Picture of MDX rollercoaster used in outreach event like New Scientist Live 

 

 

Figure 2.10-Difference between a Stewart platform and an inverted Stewart platform. 

The actuators used for the platform are Festo fluidic muscles. Festo fluidic muscles are pneumatic (air 

pressure) linear actuators that function similarly to biological muscles. They are made of a flexible tube 

reinforced with a fibre mesh. When pressurised with air, the tube contracts along its length while 

expanding radially, generating tensile force (pulling motion). Source [13] evaluates the dynamic model 

of fluidic muscles in further detail. Figure 2.11 shows a contracted fluidic muscle (left) and relaxed 

fluidic muscle (right) alongside its response graph at different pressures. 



Control and Interface Systems for a Flight Simulation Experience Report.  Veiga, March 2025   

14 

 

Figure 2.11-Ilustration of load vs stroke graph at different pressures for a Festo fluidic muscle from source [13] 

 

2.2.4. Previous research solutions from other projects compared to the MDX 

rollercoaster’s solution. 

More closely related to this project, research has been conducted on connecting the X-Plane simulator to 

a motion platform [14] as well as using Festo fluidic muscles to control a Stewart platform [15] and [16] 

in separate papers, though not within the same project. Moreover, the paper on the Stewart platform using 

Festo muscles describes a setup where the muscles are connected to an upright pre-compressed spring and 

operate with closed-loop position control; unlike this project's motion platform, which lacks such control 

(open loop). Examples of motion platforms using fluidic muscles is shown in Figure 2.12. 

 

Figure 2.12-Past examples from papers of Stewart motion platforms using fluidic muscles as actuators. 

 

Finally, a key detail worth noting is that the pressure-to-distance characteristics of the fluidic muscle are 

nonlinear due to the high 'dry friction' between the muscle fibres. One notable approach, presented in 
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paper [17], used a multi-layer perceptron (MLP) network trained on muscle pressure and angle data to 

develop a model with 84.66% accuracy, capable of controlling a planar 2DOF fluidic muscle robotic 

arm. This paper highlights the importance of different approaches in modelling nonlinear systems. 

Figure 2.13 shows an illustration from the paper of planar 3DOF robotic arm. 

 

Figure 2.13-Illustration from paper [17] of a planar robotic arm controller by two fluidic muscles 

A simpler yet still functional approach which was used for the MDX rollercoaster platform will be to 

map the muscle’s pressures and distances to a table for a known load as illustrated in Figure 2.14. 

 

Figure 2.14-Illustration of results the program aims to provide with in the Week 8 experiments. 

Using this lookup table approach will still ensure that the correct pressure is applied to each muscle for 

a given load, allowing the appropriate distance to be achieved and, consequently, the target pose. 
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2.2.5. Brief overview of Inverse kinematics for the flight motion platform and washout 

algorithms 

Two fundamental concepts required for the platform to work are inverse kinematics [18] and washout 

filters [19]. Inverse kinematics are a set of mathematical formulas which allow the platform’s controller 

to take in an input 6D pose (3D translation and 3D rotation) and output the required actuator lengths 

based on the platform’s physical characteristics. In turn this allows the physical platform to achieve the 

desired pose which is easier to set than manually controlling every muscle’s stroke individually. Figure 

2.15 further illustrates the concept of inverse kinematics. 

 

Figure 2.15-Inverse kinematics of a Stewart Platform illustration. 

Another key concept in motion platforms which will become more relevant later on the project’s 

development are washout filters. Washout filters are implemented between the target pose and inverse 

kinematics stage of the motion simulation as shown in Figure 2.16. 

 

Figure 2.16-Plane Pose to muscle distances accounting for washout. This graph is from around project week 5. 
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Washout filters in motion platforms are motion cueing algorithms used to create realistic motion 

sensations while keeping the platform within its physical limits. They filter and scale the movement data 

from the simulator to prevent excessive displacement while still providing a convincing sense of 

acceleration and orientation changes. The paper [19] further explains the concept of washout in further 

mathematical detail. The video in resource [20] qualitatively explains how flight simulators trick the 

human brain into believing they are flying an aircraft while using the SIMONA research simulator [9] as 

an example. 

Figure 2.17 demonstrates how a washout filter gradually moves the platform back to its resting roll 

position once the plane’s angular roll acceleration ceases. This ensures the platform remains within its 

physical constraints while maintaining the illusion of rolling in an actual plane. It is worth noting that 

using widescreen monitors and covering as much of the user’s field of view significantly enhances the 

illusion of movement, as visual and vestibular inputs are the key factors that make the brain perceive 

motion. 

 

Figure 2.17-Washout filter illustration for roll and pitch. 

Figure 2.18 illustrates another way washout filters enhance the illusion of movement. By slightly tilting 

the user and covering their field of view, a reaction force is created against the chair, which, over time, 

becomes indistinguishable from acceleration in an actual plane. 

 

Figure 2.18- Illustration of illusion made by motion platforms to create the sense of acceleration. 

 

Figure 2.19 illustrates in better detail how the platform will create an illusion of acceleration during 

take-off by directly surging forwards for immediate acceleration and slowly tilting over time to create an 

illusion of constant acceleration. The user feels as if they are accelerating because gravity is an 
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accelerating force. When combined with sufficient visual input suggesting motion in an airplane, it 

creates a convincing illusion of movement where none actually exists. 

 

Figure 2.19-Ilustration of washout for low frequency transient acceleration. 

2.3. Project challenges and limitations 
Based on previously shown research, this project’s main challenges and limitations arise from: 

• Most motion platforms use rigid actuators controlled hydraulically, pneumatically, or 

electrically. This project’s platform will be controlled by six Festo pneumatic fluidic muscles 

(similar to traditional McKibben muscles) without closed-loop feedback (open-loop). This 

open-loop scheme means that the relationship between muscle pressure and displacement for a 

given load must be mapped, which formed a significant part of this project. This process will be 

referred to as “calibration”. 

• There are few examples of motion platforms prioritizing wheelchair accessibility with software 

designed to accommodate such users. Therefore, this project had to rely on the person's output 

and extensive analysis of the actual system to ensure proper implementation. 

• The final chair will incorporate newer, longer fluidic muscles that require calibration to be set to 

a specific length without directly sensing their actual length. This meant that designing, testing, 

and validating calibration procedures was unavoidable. 

• The platform configuration differs from conventional Stewart platforms, where actuators 

operate in compression. This project, however, uses an inverted design in which actuators 

function in tension. As a result, the project's development had to rely on an older existing 

codebase for the MDX rollercoaster chair, which required a significant amount of time to adapt 

to and fully understand. 

• There is limited research and development on software that connects the X-Plane flight 

simulator to motion platforms or peripherals using Python. This added additional research and 

development tasks to the existing workload. 
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• Whilst this project aims to fulfil the requirements of the RAeS, it does not aim to be used in 

their actual program (at least within the given project development timespan). This is due to the 

limited 12-week development time frame which is completely needed to actually develop a 

functional project prototype. In order to submit it to the RAeS, more time would be needed to 

fully test the finish project and ensure it can be handed over to the RAeS with no technical 

issues. 

Despite challenges and limitations, this project still has plenty of room to grow and be fully developed 

beyond the 12-week final year project timeframe. Given more time, areas for improvement, such as 

testing and refining the software for broader usability—are clearly identifiable. 

2.4. Lit review 
Table 2.1 below summarises and compares relevant industry solutions and research papers based on key 

criteria, highlighting their strengths and limitations in relation to this project. 

Table 2.1-Comparison of existing solutions 

Solution/Research DOF 
Actuation 

Type 

Control 

Method 

Position 

Feedback 

Application 

Relevance 

Sanders Teacher 

[8] 
2DOF Mechanical 

Manual 

Control 
No 

Early flight 

training 

SIMONA 

Simulator [9] 
6DOF Hydraulic Closed loop Yes 

High-fidelity 

flight 

simulation 

PS-6TL-1500 [10] 6DOF 

Electric 

Linear 

Actuators 

Closed loop Yes 

Professional 

defence and 

simulation 

MDX 

Rollercoaster [12] 
6DOF 

Fluidic 

Muscles 
Open loop No 

Amusement 

ride, outreach 

events 

X-Plane Motion 

Platform from 

video [14] 

6DOF 

Electric 

Linear 

Actuators 

Closed loop Yes 

Motion 

platform 

software 

integration 

Paper on Fluidic 

Muscle Stewart 

Platform [16] 

6DOF 
Fluidic 

Muscles 
Closed loop Yes 

Research on 

pneumatic 

actuators 

Paper on MLP-

based Fluidic 

Muscle Control 

[17] 

2DOF 
Fluidic 

Muscles 

Machine 

Learning 

(MLP) 

Yes 

Nonlinear 

actuator 

modelling 

This Project 6DOF 
Fluidic 

Muscles 

Open loop 

(Lookup 

Table) 

No 

Accessible 

motion 

platform for 

simulation 
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As seen from Table 2.1 this project’s motion platform is extremely different because it combines 

different features from existing solutions into a project that has not been made before. It’s an inverted 

Stewart platform which is rarely implemented in this context. It’s controlled from X_Plane telemetry yet 

has no position feedback control. It uses larger muscles which have no available data on their pressure 

to distance characteristics (therefore must be calibrated) and so on. 

This project will aim to fill the gaps between combining these features and overcome all the 

aforementioned challenges. 

2.5. Summary 
By the end of this project, a fully functional prototype of a flight motion platform will be completed. 

This platform will be designed to accommodate both wheelchair users and those without mobility 

impairments. Once the user enters the platform, they will be able to experience and control a flight 

simulation using peripherals such as a flight joystick for control and widescreen monitors for visual 

feedback. Throughout the simulation, the platform will move in real time based on the user's actions, 

creating an immersive and engaging experience. This system can be utilized in outreach events or 

project showcases. 

Overall, this work is important because it explores an under-researched approach to motion platform 

control and expands accessibility in flight simulation experiences, building upon and evolving from 

previous existing work. The findings of this project have the potential to contribute to future research on 

alternative actuation methods and inclusive design in simulation-based training and entertainment, 

making it a valuable step toward improving both accessibility and interactivity. With this foundation, the 

next section will delve into the design and implementation process, outlining the technical aspects and 

innovations that drive the project forward. 

3. Proposed System: Design and Implementation  

3.1. System Overview 
The motion platform in this project will be a modified version of the MDX rollercoaster ride which 

allows wheelchair users to ride the platform by mounting their wheelchair onto a cart that is pulled onto 

the platform. Render of final platform to be implemented is shown in Figure 3.1. 

 

Figure 3.1- Render of motion platform to be made in this project. 
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Figure 3.2 showcases the initial high-level outline of how the flight motion platform system works as a 

whole. The VR headset can be replaced by any form of visual feedback such as a widescreen monitor. 

The reason VR is more preferable for a more immersive experience is because vision plays a major role 

alongside the vestibular system in a human’s perception of motion. VR captures the human’s entire 

vision and updates their view in real time which means the experience will be far more immersive. 

 

Figure 3.2-High level illustration of how all the components in flight motion platform are meant to interact together 

It is worth noting that the flight motion platform is a completely new and separate build from the 

existing rollercoaster motion platform shown in Figure 2.9. The flight motion platform only adapts the 

rollercoaster’s codebase and overall design, not its hardware. The muscles used in this platform are 

longer and wider in order to accommodate a bigger payload of up to 250kg. Just like mentioned before 

this will require calibrating the muscles in order to obtain their distance-to-pressure characteristics.  

 

3.2. Software Structure and Components 
Since this project focuses on the control software that interfaces between the simulator and the physical 

platform, the configuration and details of the physical system were established from the outset. 

However, due to the flight motion platform’s unique design, several knowledge gaps needed to be 

addressed, including how to obtain telemetry data from X-Plane, how to convert this data into a valid 

platform output, and how to develop an intuitive GUI application that not only integrates these 

components but also provides the operator with control over the platform. 

Figure 3.3 shows a high-level flowchart where the airplane telemetry data is sent into the main control 

software which controls the output to the flight motion platform based on the operator’s inputs or its 

current state. This is an early-stage diagram; hence the Python client refers to the flight motion platform 

control software instead. 
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Figure 3.3-High level outline showcasing how the flight simulator is to interact with control software (python client) and 

thereby the mechanical chair(flight motion platform) 

Note that Figure 3.3 is only a rough outline and script names will not be the same as the ones shown 

later. This will be explained accordingly. 

Another key detail within this system is how the communication between programs or “layers” is done 

via User Datagram Protocol (UDP). UDP is a faster version of TCP which allows for flexible, fast and 

modular connectivity between software components and therefore better code maintainability. For 

example, by using UDP protocol to send a specific message to the software, virtually any other program 

that sends that message can be used to control the platform. This can be a manual control utility app or 

even another vehicle simulator (car racing sim, heli sim, drone sim, etc).  

This use of UDP messaging also extends to the output to the physical motion platform. The output tells 

the platform which pressures to set to each muscle. As previously mentioned, there’s no feedback from 

the physical platform. It’s an open-loop system. As the report continues, the benefits and where UDP is 

used will become more apparent.  

The project followed an agile development cycle, meaning there was continuous feedback from the 

RAes and Coventry University, which constantly shaped the project’s requirements. The agile approach 

introduced an additional challenge, requiring further adaptability on top of the inherent challenges of the 

project. 
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4. High level design outline of control software 
 

4.1. Core functionality high level outline. 
The first step towards designing the control software after defining what it should do back in Table 1.1 

was to further define its logic and how it’ll specifically work. This section will focus on outlining the 

control software which was shown in the controller layer of Figure 3.3. 

In order to better visualize what the software will do, a “state machine” architecture was chosen. In 

essence, the main program will act like a state machine whereby it can only be performing one set of 

logic (from many) at a time, and it can then transition between states when given conditions are met. 

The state machine diagram for software is shown in Figure 4.1. 

 

 

Figure 4.1-State machine diagram of flight motion platform control software. 

 

As Figure 4.1 shows, the software can only be in one of multiple states and can only transition between 

states when certain actions occur, and certain conditions are met. For example, the operator controlling 

the software can only enter the running state if the software is receiving valid airplane telemetry and the 

operator presses the start button. The control software will be accessible through a python GUI 

application similar to existing programs anyone would expect to find in equipment like this. 
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What each state does is explained in Table 4.1. 

Table 4.1-Table explaining what each state in control software does. 

State Description 

IDLE STATE This is simply a screen which waits until all the safety sensors are in the correct 

state and once it they do so, the user is notified that the sensors are in the correct 

state and is given the option to press the “un-park” button to enter the 

READY_STATE. 

READY STATE In this state, the software waits until the operator either enters the MANUAL 

CONTROL STATE or unparks the chair and consequently goes to the IDLE 

STATE 

MANUAL 

CONTROL 

STATE 

In this state, the operator is allowed to manually control the flight motion 

platform through the control software. The operator is able to control the 

platform’s: x position, y position, z position, roll, pith and yaw through the use 

of GUI sliders. The operator also has the capability of resetting the platform’s 

pose back to its normal state. 

RUNNING 

STATE 

During this state, the software takes in the plane telemetry data from the 

simulator (UDP message). The message contains the plane’s linear and angular 

acceleration (6DOF). Then the software applies the gains the operator set 

through the GUI, washout and any other post-processing before sending the 

output as actuator pressures through a UDP message. 

STOP STATE STOP_STATE is a state that waits until all the safety sensors are in their safe 

state and the user presses a GUI button before transferring back to the 

IDLE_STATE. During this state, the muscle pressures remain in as they last 

were in any of the previous states (or other “safe state”). When transition to 

IDLE_STATE happens, chair is put back on the parked position. 

 

The flowcharts for each of the states are included in the appendix chapter of this report. These are 

Appendix 1, Appendix 2, Appendix 3, Appendix 4 and Appendix 5. These further outline the high-level 

logic of these states and what should occur when the user enters them.   

A key detail to note how the safety sensors in this application are a requirement that has been taking into 

consideration for the software’s design. For example, the state of the safety sensors dictates whether the 

software can begin controlling the flight motion platform or not. If the sensors enter their unsafe state 

during the RUNNING state, this means that the char must’ve come undone and therefore the flight 

motion platform movement halts as the software transitions to the STOP state. The safe state signal 

through the code will be simplified as a Boolean input. 
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4.2. Network diagram of software components (nodes): 
The software does not consist of just one python script running some logic. It consists of many python 

scripts each running separate from each other. Each concurrently running script will be referred to as a 

“node”. These nodes are connected together by UDP protocol message streams which relay information 

to each other as needed to make the control software function as intended. The node diagram for the 

entire software is shown in Figure 4.2. 

 

 

Figure 4.2-Node diagram of entire software. 

 

This modular designed allowed for each script to maintain one single key purpose and made overall 

design and maintainability much better. The “state_machine.py” script is the one running all the state 

machine logic mentioned in the previous subchapter. 

 Meanwhile “platform_control_app.py” is the GUI interface through which the user controls 

“state_machine.py”. “dummy_airplane_app.py” and “safe_state_dummy” are two nodes which serve as 

temporary placeholders for the airplane’s input telemetry and flight motion platform’s safe state. 

Making these two placeholders ensures the most can be done whilst fundamental components of the 

project are yet to be made. 

“stewart_display.py” is a display application (python program) which takes in a pose message and 

displays a generic stewart platform display. This utility was reused from a GitHub repo [21]. 

Implementing this utility ensured there was a way to validate the incoming data and ensuring the output 

functioned correctly. 

Table 4.2 and Table 4.3 further outline the function of each node in the network as well as what each 

connection within the network is meant to do. 

 

 

 

 



Control and Interface Systems for a Flight Simulation Experience Report.  Veiga, March 2025   

26 

 

Table 4.2- Table outlining function of each node in software network. 

Node name Function 

dummy_airplane_app.py This is dummy node which acts as a placeholder for the flight sim. 

Operator can modify the airplane’s 3 axis acceleration (or position) and 

3 axis rotation through a set of sliders. 

The data is sent as an array via “TELEMETRY_UDP_PORT” where 

the array is [xaccel, yaccel, zaccel roll_rate, pitch_rate, yaw_rate].  

Each pose value is shown as a slider. Accel values only affect the 

chair’s position (that’s why it’s labelled as xpos, ypos and zpos in 

GUI). 

safe_state_dummy.py Just like “dummy_airplane_app.py” this is a dummy placeholder 

application which sends a Boolean message through 

“SAFE_STATE_UDP_PORT”. This Boolean message denotes whether 

the flight motion platform is in its safe state or not. This Boolean 

appears as a checkbox in the GUI. 

state_machine.py This script implements the state machine described in chapter 4.1 

This state machine executes at a variable cycle rate set to 20ms at the 

moment. 

This machine can be fully controlled by sending commands through 

“CMD_UDP_PORT” hence it does not need to handle any of the GUI. 

Each state the machine can be in (IDLE, READY, RUNNING, 

MANUAL, and STOP).  

At the moment, the UDP command format is [“state_transition”, 

gain_xaccel, gain_yaccel, gain_zaccel, gain_roll, gain_pitch, 

gain_yaw]. The state transition asks the state machine where to 

transition to and the rest are gain variables set by the operator or user 

to define how aggressive the ride should be. 

This machine also outputs its status through “STATUS_UDP_PORT” 

as [current_state, isSafe] where “current_state” denotes the machine’s 

current state and “isSafe” is the safety sensor Boolean which 

determines whether any of the chair’s safety sensors were tripped. This 

allows the GUI of “platform_control_app.py” to display the state 

machine’s state accordingly and change any elements as required. 

Finally, this state machine node listens to the airplane’s telemetry from 

the dummy_airplane_app.py node and uses it as previously described. 

platform_control_app.py This app in in charge of reading the state machine’s status and allowing 

the user to send control commands to state_machine.py node through a 

GUI. The STATUS_UDP_PORT is used to display the machine’s status 

and indicate whether the operator can do certain actions. The 

MANUAL_POSE_UDP_PORT is used to send the manual pose values 

from their respective sliders to “state_machine.py”. 
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stewart_display.py This is a display script from the “Stewart_Py” library [21]. Since the 

chair is an example of an inverted Stewart platform, this script 

provides an effective temporary way to visualize the chair’s motion. 

This will allow to save time whilst gaining project progress while the 

chair is still under construction. Many aspects of the project were not 

finished as they were being worked with in parallel. This is the usual 

underside of agile methodology. 

 

Table 4.3-Table outlining function of each network UDP port. 

Node name Port Function 

SAFE_STATE_UDP_PORT 4005 This port sends the safe state Boolean from the 

“safe_state_dummy.py”. This port is listened by 

“state_machine.py”. 

TELEMETRY_UDP_PORT 5005 This port sends airplane telemetry from either flight sim 

or dummy as “[xaccel, yaccel, zaccel roll, pitch, yaw, 

isSafe]”. The port is listened by “state_machine.py” 

STATUS_UDP_PORT 7005 This port sends out state_machine.py’s status to 

“platform_control_app.py” as “[current_state, isSafe]”. 

CMD_UDP_PORT 6005 This port sends control commands from 

“flight_control_app.py” to “state_machine.py” as 

[state_transition, gain_xaccel, gain_yaccel, gain_zaccel, 

gain_roll, gain_pitch, gain_yaw]. State transition is the 

state the operator wishes to transition to. 

POSE_DISPLAY_PORT 8005 This port sends the output from “state_machine.py” 

RUNNING state. This output is a product of the plane 

telemetry’s pose variables with each respective gain 

variable and the master gain.  

 

For example, if x_val is the x acceleration sent to 

“stewart_display.py”, x_val = 

x_accel*x_accel_gain*master_gain. This allows the 

operator to control the sensitivity of the chair’s 

movements and therefore the ride’s sensitivity. 

MANUAL_POSE_UDP_PORT 9005 This port sends out the pose values from the 

platform_control_app.py manual control sliders. These are 

sent as an array of [gain_xaccel, gain_yaccel, gain_zaccel, 

gain_roll, gain_pitch, gain_yaw]. 

Progress evidence of this entire chapter alongside videos is detailed in the project’s blog [5] Week 2 and 

Week 3 post. 

Final code snippets and GUI snippets (as of Week 11) of all the code nodes mentioned in this chapter are 

shown in the appendix section. These are all the appendixes from Appendix 6 to Appendix 14. 
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4.3. Integrating the system with X-Plane 
Once a basic skeletal system for the hardware was established, the next step was to replace the 

“dummy_airplane_app.py” with a program that sent X-Plane’s airplane telemetry to the same port in the 

same format as of now. In order to do this, a plugin for X-Plane was written. X-Plane supports plugins 

written in C and Delphi.  

However, there’s a popular third-party plugin called XPPython [22] which acts as an X-Plane plugin 

that executes several python plugins that can be easily inserted. For all X-Plane is concerned, XPPython 

is a plugin that runs sub-plugins. This is further illustrated in Figure 4.3 or resource [23]. This is a great 

solution since it allows to keep all the project code written in python. 

 

 

Figure 4.3-Diagram showing how XPPython works. 

The code for the telemetry XPPython script that sends the airplane’s telemetry when X-Plane runs is 

shown in Appendix 15. The name of the script is “PI_simple_telemetry.py”. 

Once this program was set up in X-Plane, the software defined in the previous subchapter was able to 

receive the plane’s telemetry data and plot it through the stewart_display.py display. This progress is 

detailed in the project blog’s [5] Week 4 post. 
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5. Improving and implementing flight motion platform virtual displays 
 

5.1. Initial outline of new display 
 

The next step, after developing a functional foundational software system capable of successfully 

receiving input data from X-Plane and outputting it to a useful destination, was to enhance the 

visualization tool. The existing “stewart.py” display was overly simplistic and did not accurately 

represent the final design. 

The new display is a Unity-based application that renders a moving 3D CAD model, similar to the one 

shown in Figure 3.1. Functionally, it operates like the “stewart_display.py” application but offers a more 

advanced way to evaluate the software’s output beyond simply confirming that it works. This tool 

provides a clearer visualization of platform movement, helping to identify issues such as abrupt motion, 

potential collisions between platform sections, and interactions with the ground.  A brief final screenshot 

of the application is shown in Figure 5.1. 

 

Figure 5.1-Screen snip of Unity visualization application. 

The remainder of the chapter will outline the process of developing this visualizer application as well as 

reference any appendix resources or blog posts. It’s also worth noting that the Unity visualiser 

application is a retooled version of a pre-existing Unity visualizer from a previous project. 
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5.2. Importing CAD model into Unity 
 

The first step towards making the visualizer was to prepare the model for Unity by exporting it into the 

correct format as well as optimizing it. Figure 5.2 showcases the process taken to obtain the flight 

motion platform CAD models from SOLIDWORKS to Unity. 

 

Figure 5.2-Ouline of workflow taken to import the CAD models of the flight motion platform from SOLIDWORKS to Unity 

 

The models had to be imported and processed in Blender for three main reasons. First, the 

SOLIDWORKS models were in .3mf format, which is not natively supported by Unity. Second, the 

models lacked textures, resulting in plain grey surfaces instead of coloured ones. Most importantly, the 

SOLIDWORKS models had an extremely high triangle count of around 2 million, which required 

significant time and effort to optimize during the model processing stage. A before and after illustration 

is shown in Figure 5.3. 

 

 

Figure 5.3-Before and after optimizing model geometry in Blender to export to Unity. 

The model was optimized by either removing excessively detailed, high-density geometry or 

simplifying complex components, such as the wheels, with lower-polygon alternatives that maintained a 

visually identical appearance. 

As an additional bonus (and to help overall visualization) a Blender rig was created which allows 

Blender to move the flight motion platform. Paired with Blender’s effect animation and rendering 

capabilities this resulted in a great rig that could was used to make a brief proof of concept animation. 

This referenced in resource [24]. The rig is further outlined in Figure 5.4. Resource [25] has further 

information of Blender rigs and their general use outside this project. 
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Figure 5.4-Figure showcasing the rig used to simulate the moving platform. 

The wheelchair model sitting on the cart that is meant to be wheeled into the flight motion platform was 

modelled by Maxence Rouillet who created this model [26]. The model is under the “CC attribution” 

license. 

This rig did not affect anything within the model when exporting it to Unity. Once the geometry was 

optimized and some simple colour textures were assigned to the model, the model was able to be 

imported into the Unity application. 

 

5.3. Re-Tooling existing code and exporting built application. 
 

Re-tooling the existing code involved importing the flight motion platform model into the scene and 

then renaming some of its key components to the names the previous chair had. The reason for this was 

because the script in charge of listening for UDP messages refers to flight motion parts by name. Once 

that was done the application worked as intended and the flight motion platform could be properly 

visualized. The UDP output port in the main software was changed to 10020.  

Something this visualizer tool shed light on was how the final motion platform would collide against the 

ground if not properly raised. At the moment the software does not account for this feature and will 

likely be left to future work due to the final flight motion platform with wheelchair access not being 

fully built by the end of the project’s timespan. 

The progress and working evidence of this display application is shown in the project blog’s [5] Week 5 

and Week 6 posts. Week 5 details just using the original rollercoaster visualization tool, but Week 6 

showcases the visualization tool with the final flight motion platform and the wheelchair attached to it. 

The project source files are referenced in both this project’s git repository and a publicly accessible 

google drive folder [27]. The telemetry script code snippets in charge of moving the motion platform 

within the Unity visualizer/display app is shown in Appendix 16. 
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6. Design, testing and evaluation of fluidic muscle calibration 

procedures. 
 

6.1. Designing muscle calibration procedures 

 

Once a solid underlying control system was established for the project, the next major 

challenge was determining the pressure-to-distance characteristics of the new, longer muscles 

that the flight motion platform will use. 

As a recap from the introduction and literature review section of this report, this project 

employs longer and wider fluidic muscles in an open-loop scheme. In this setup, the only way 

the system can control each muscle’s contraction distance is by setting its pressure to a 

predefined value. To determine the appropriate pressures required to achieve a specific muscle 

length, the system must first "calibrate" the muscle it will use. This calibration process involves 

applying a range of pressures, from minimum to maximum, and measuring the contraction 

distance at each step. 

A fluidic muscle’s pressure to distance characteristics different when relaxing (down) compared to when 

contracting (up), which forms a hysteresis loop. This loop is shown in Figure 6.1. 

 

Figure 6.1-Example chart of muscle hysteresis loop. 

As the figure shows, the muscle forms hysteresis loop (round full dots) which is formed when the 

muscle contracts from its maximum pressure (6000mbar) and relaxes to its minimum pressure (0mbar). 

The cross and dotted lines are simply the load across the muscle plots. These are included to validate 

that the load across the muscle is constant and does not vary too much. Obtaining this data will be 

referred to throughout the chapter as muscle calibration. Calibration data was obtained for loads 

weighting 13kg, 24kg, 33kg and 43kg. 
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The calibration data was obtained with the aid of a vertically mounted calibration rig just like the one 

shown in Figure 6.2. 

 

Figure 6.2-Ilustration of calibration rig used to obtain muscle pressure-to-distance data. 

The core principle behind this rig was to hang a load acting collinearly with the muscle. The load’s 

weight would be measured and validated across the calibration procedure. During the calibration 

procedure, a program running on a computer would send pressure commands to the muscle via UDP and 

record the distance and load values from the rig’s serial messages at each pressure step. The high-level 

outline of the system is shown in Figure 6.3. 

 

Figure 6.3-Ilustration of how calibration program and test rig will communicate. 

Something worth noting is that the control software required to control the test muscle was already 

included in the rollercoaster software and worked as intended. Writing a python program to 

systematically log the muscle’s pressure to distance characteristics for a given load allowed to obtain 

pressure distance data much more accurately and faster. The logic the calibration software executed is 

outlined in Figure 6.4.  
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Figure 6.4-Flowchart outlining the working logic of the calibration software. 
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Before moving onto the implementation and testing of the rig, it’s worth noting that development weeks 

7 until the end of week 9 were spent trouble shooting iterations of the test rig as well as arduously 

evaluating output data to ensure that the most accurate results were being obtained. These iterations 

alongside project results were thoroughly outlined in the project blog [5] Week 7 to Week 9 posts. 

 

This report will only cover and evaluate the procedure and test results of the final rig iteration. 

 

6.2. Implementing and testing muscle calibration procedures 
The script in charge of obtaining the pressure to distance calibration data of the muscle at different loads 

was called “calibration_data.py”. The GUI and code snippets for this software are included in Appendix 

17 and Appendix 18 respectively. Likewise the GUI and code snippets for the “csv_muscle_plotter.py” 

plotter utility which was used to make the plots shown in this report are included in Appendix 19 and 

Appendix 20. 

 

The final calibration data tables were obtained when running a test with the following parameters: 

-6 seconds delay per pressure step 

-60 steps 

-5 calibration cycles 

 

The following figures are the final pressure (mbar), distance (mm) and load (kg) plots for 13kg, 24kg, 

33kg and 43kg. In these plots, the different coloured lines represents either an up stroke or a down 

stroke where the muscle is either relaxing or contracting. The darker coloured lines represent later 

calibration cycles. For example, down cycle 1 is the lightest blue and down cycle 5 is the darkest blue. 
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Figure 6.5-Pressure (mbar) vs Distance (mm) plot for 13kg load 

 

Figure 6.6-Pressure (mbar) vs Distance (mm) plot for 24kg load. 
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Figure 6.7-Pressure (mbar) vs Distance (mm) plot for 33kg load. 

 

Figure 6.8-Pressure (mbar) vs Distance (mm) plot for 43kg load. 
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6.3. Evaluating test result data and obtaining conclusions. 
When comparing this project’s muscle calibration procedure to some student’s previous work in the 

rollercoaster ride which used light sensor range finders on the actual rollercoaster (no rig) to calibrate 

the muscles took longer and used a far noisier source of distance measurement. The students in charge 

of the testing were Daniel Odrinski, Kenneth Leong and Patryk Petryszen who were in charge of 

designing the python middleware and calibration software for the rollercoaster ride. Front page of their 

report is shown in Figure 6.9. 

 

 

Figure 6.9-Front cover of previous student paper. 

Figure 6.10 showcases the reading distance difference range between both the student laser finder rig 

and my rig. A higher range means higher reading noise and lower overall accuracy and precision. This 

project’s software takes 100 distance reading snapshots per step.  
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Figure 6.10-Comparison between previous project distance reading range per pressure and this project’s. 

As Figure 6.10 showcases, using an encoder offers practically no noise in distance measurements, 

therefore this project offers a less uncertain calibration procedure. Even though there’s a 1mm outlier 

spike at 6000mbar, this still means that the encoder calibration method is far more accurate than the 

student’s previous laser rangefinder method. 

Moreover, in the described paper, the students were measuring each muscle’s contraction distance 

directly on the motion platform itself instead of using a dedicated rig which is designed to keep the load 

against the muscle constant and thereby as accurate as possible. In the paper they also reported many 

problems with the sand used as a load shifting as the platform tilted and thereby causing load 

inconsistencies. That section of the paper is shown in Figure 6.11. 

 

Figure 6.11-Conclusion section of previous student's project on the rollercoaster chair. 

Another important point to raise directly from the calibration results in chapter 6.2 was how the first few 

calibration cycles appear to systematically “shift down” from the subsequent cycles. This effect became 

more apparent at lighter loads. A likely cause for the muscle at lighter loads converging towards an 

equilibrium curve is probably due to the light load not exhausting all the air pressure properly from the 

inner muscle tube. Therefore, when the subsequent cycles are performed, the muscle has slightly more 

air inside than before and therefore been able to gradually contract more each cycle, thereby gradually 

shifting the load curves up. Due to this shifting effect, the first 2 cycles for every calibration load were 

excluded from calculations. 

The charts showing the standard deviation between 5 cycles are located from Appendix 21 to    

Appendix 24. In the worst-case scenario, which is the 13kg load, excluding the first two outlier cycles 

results in a 2.5mm standard deviation and 6mm range.  

Just like in the previous figures, range and standard deviation appear to decrease as the load becomes 

heavier hence the motions platform muscles will become less accurate with lighter loads. 
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Even then, final calibration results prove to be much more accurate than and precise than the previous 

project’s calibration results. The worst range and standard deviation for this set of calibration results are 

2.5mm standard deviation and 6mm range. By comparison. The highest standard deviation from the 

previous rollercoaster project at 50.2kg is 2.9mm as shown in Figure 6.12. The worst standard deviation 

in this project at 43kg is only 0.5mm which is an over 82% decrease in test data standard deviation at a 

lighter load (which should be less accurate). 

 

Figure 6.12-Standard deviation of sensor up readings for previous student MDX rollercoaster project. 

Therefore, the muscle’s worst accuracy at 13kg is +-3mm or a 2.38% uncertainty range (when 

accounting for the 252mm contraction range at 13kg). Therefore, the project’s final calibration results 

are not only accurate enough for the motion platform but also more accurate than previous work done in 

this area. 

 

As a final showcase, Figure 6.13 serves as a rough final illustration of all the curves put together in the 

same graph. This allows to observe a noticeable trend where the heavier the load, the more “squished” 

the load loops become and therefore the higher the load, the lower the final extension. The highest the 

muscle can contract at a 43kg load is 208mm whereas at 13 kg it can contract to up to 252mm (21% 

increase in contraction distance). 
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Figure 6.13-Final averaged distance and load cycle data plotted simultaneously on a graph. Cycles 3, 4 and 5 were counted 

and the first two cycles of each load calibration set was discarded. 

 

7. Integration of muscle calibration data back into control software 
 

7.1. Converting calibration cycle data into cycle averaged data 
 

Once the calibration data for the muscle was obtained and validated the next step was to convert the 

pressure to distance (PtoD) tables into distance to pressure (DtoP) tables that could be integrated into 

the main software. This involved writing several utility python tools to convert the tables into the 

specific desired format that the rollercoaster codebase needed. 

Figure 7.1 shows a snippet of the structure each load curve calibration csv file had. Note that figures 

only show part of the data and not all of it. 
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Figure 7.1-Snippet of table raw data from calibration results. This file is for the 43kg down curve. 

 

The first step was to write a utility tool called “csv_averager_utility.py” that was in charge of averaging 

a selected range of distance and load cycles into their respective averages, thereby producing a CSV file 

with columns for pressure (mbar), distance (avg mm), and load (avg kg). As discussed in chapter 6.3, it 

was decided to average only the last three cycles because the first two cycles were consistent outliers, 

especially under lighter loads. The application GUI and code snippets are appended in Appendix 25 and 

Appendix 26. 

After running the all the up and dows csv files through the utility, the files shown in Figure 7.2 were 

produced. 

 

 

Figure 7.2-Averaged load muscle calibration files from cycles 3 to 5. 



Control and Interface Systems for a Flight Simulation Experience Report.  Veiga, March 2025   

43 

 

These new files had the structure shown in Figure 7.3 where now they only have pressure, distance and 

load columns and not multiple columns for each cycle. 

 

Figure 7.3-Data output for 43kg up data after running it through utility app. 

 

Averaging the data will better allow to prepare it into the correct D to P format required later on. As a 

refresher: DtoP=Distance to Pressure and PtoD=Pressure to Distance. 

 

7.2. Converting averaged PtoD tables to DtoP tables in required format 
The next step was to convert each load PtoD table into the format shown in Figure 7.4. 

 

Figure 7.4-Snippet of distance to pressure table for a given load. 

In this format, the 1st row is the weight header, the 2nd row is the up curve, and the 3rd row is the down 

curve. Each row is an array which has 200 elements corresponding to each individual mm distance 

stroke. Each value corresponds to the pressure required to obtain the given distance. For example, the 
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value located in element 5 in the 2nd row corresponds to the pressure needed to contract the muscle 5mm 

when lifting 40kg (860mbar). 

These pressures are already pre-interpolated when transferred from the averaged PtoD tables. For 

example, if during calibration the muscle extends 5mm at 500mbar and 7mm at 800mbar, then the 

utility converting PtoD from DtoP interpolates (linear or cubic) for 6mm. For 6mm, the pressure would 

be 650mbar (if interpolating linearly). 

The advantage of this method is that not only is it easier for the previously existing rollercoaster motion 

platform code to convert from distance to pressure needed to set a given actuator, but it also means it 

only needs to interpolate for weights instead of both weights and distances. 

 

In order to transfer my calibration tables into the correct DtoP tables a utility app was made which 

could: 

-Obtain the max length the user wants the muscles to contract (in this case 200mm) 

-Group up/down calibration csv tables 

-Work out interpolated distance to pressure arrays for each up/down curve for each calibrated load 

-Put each up and down interpolated distance to pressure array into an output csv file 

-Include load header in each output csv file 

 

The name of the utility used to calibrate the muscles was “D_to_P_converter.py”. GUI snippets and 

code snippets of “D_To_P_converter.py”  are appended in Appendix 27 and Appendix 28. 

 

After running the averaged files shown in Figure 7.2, there are 4 resulting PtoD csv files shown in 

Figure 7.5. 

 

Figure 7.5-output DtoP files for all the calibrated loads. 

 

Each DtoP load calibration file has the same structure as the DtoP table shown in Figure 7.4. 

DtoP_43.csv is shown in Figure 7.6 for the sake of cross-comparison. 

 

Figure 7.6-DtoP table for 43kg load. 

A quick plotter utility called “D_to_P_plotter.py” (GUI and code shown in Appendix 29 and Appendix 

30) was made to visualize the output of each DtoP table. This is non-essential to the project and only 

serves to ensure the data looks correct. A plot of DtoP_43kg.csv is shown in Figure 7.7. 
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Figure 7.7-PtoD plot of 43kg csv file. 

As expected, the shape of the DtoP table is the same as the original PtoD table but mirrored about y=x 

line. 
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7.3. Merging averaged DtoP tables into a master flight motion platform DtoP table 
Now that all the PtoD tables were in the correct format, the final step was to merge them all together 

into a master DtoP table using a pre-existing method used in the previous rollercoaster project. Merging 

all the DtoP files into a master DtoP file allows the software to refer to just 1 table instead of multiple. 

The method is called “merge_d_to_p” and can be found within a script called “d_to_p_prep”. Figure 7.8 

and Figure 7.9 showcase the code that was used to merge all the D_to_P tables into a single table. 

 

 

Figure 7.8-merge_d_to_p code snippet. 

 

A quick script which imports and calls this function (called D_to_P_merger.py) was also made as shown 

in the following code snippet. 

 

Figure 7.9-D_to_P_merger.py code snippet. 

After running the utility, a csv file called wheelchair_DtoP was obtained. The structure of the csv file is 

shown in Figure 7.10. 

 

Figure 7.10-Master DtoP csv file after merging all the valid PtoD files. 
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The final DtoP table has 8 rows. The rows correspond to an up and download DtoP curve. The table 

structure is shown in Table 1.1. Note the second columns is meant to show the remaining 200 colums 

for each mm in 200mm. 

Table 7.1-Structure of final merged DtoP table 

Header 13, 24, 33, 43 

13kg up DtoP Pressure Val 

24kg up DtoP Pressure Val 

33kg up DtoP Pressure Val 

43kg up DtoP Pressure Val 

13kg down DtoP Pressure Val 

24kg down DtoP Pressure Val 

33kg down DtoP Pressure Val 

43kg down DtoP Pressure Val 

 

Each DtoP row is treated as a 1D array. When the software runs, it’ll automatically interpolate the 

output pressure between loads (if the configured load is somewhere in the middle) using the csv file 

shown in Figure 7.10. 

 

After obtaining the master DtoP table with all the merged loads, a new configuration file was made and 

replaced off the existing configuration file for the rollercoaster. This new file references the 

aforementioned master DtoP table. After doing this, the test platform was able to move around 

noticeably different than before. The movement was less accurate and more jittery, but this was because 

the real-life muscles were different to the muscles the tables were calibrated for. The video showcasing 

this progress is shown in the Week 10 post of this project’s blog [5]. 
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7.4. Evaluating accuracy of merged DtoP table 
As a final evaluation test on the merged DtoP table, a piece of software similar to the calibration 

software was made and tested on the calibration rig. This evaluation software steps in distance 

increments from 0mm to the maximum contraction distance (200mm). At each point it records the 

expected distance (distance) vs the recorded distance(measured_distance). It calculates the error at each 

distance point by subtracting the set distance from the measured distance so that:  

error=distance-measured_dist 

The scripts and flowcharts related to the DtoP evaluation tests are listed in the Appendix as follows: 

-Appendix 31-Muscle DtoP test software flowchart 

-Appendix 32-DtoP_Validator.py GUI snippet 

-Appendix 33-DtoP_Validator.py code snippets 

-Appendix 34-d_to_p_ver_2.py code snippets 

-Appendix 35-DtoP_Validation_Plotter.py GUI snippet 

-Appendix 36-DtoP_Validation_Plotter.py code snippets 

 

The obtained results are shown in Figure 7.1. These are the graph results from 

“D_to_P_Validation_Plotter.py” program. The tested load was 24kg. 

 

Figure 7.11-Plots of error vs set distance plots of merged DtoP table. 

Due to time constraints, the weight interpolation feature could not be tested nor properly evaluated. The 

data obtained from the tests is limited due to only testing one load instead of multiple. Only the 24kg 

load was tested as this would be the usual load the muscles would be under. 

What was surprisingly gathered from the results is how the distance increment has an effect on the error 

of the muscle’s expected/set distance vs it’s actual distance. A high increment of 5mm led to a more 

accurate response which was 8mm (least error). Meanwhile an increment of 3mm led to a much less 

accurate overall response which was 18mm (most error). 

Some possible explanations for this could be the linear interpolation used to transfer PtoD tables to DtoP 

tables. Another could be due to some indexing error when obtaining a pressure for a given distance. The 

worst error is still within this projects target tolerance of +-25mm, therefore improving the accuracy of 

the DtoP merged table will be left for future work. 
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8. Results and discussions 

8.1. Overall results 
Table 8.1 highlight which requirements were able to be met at the end of the project. Green highlight 

means that the requirement was achieved. Red highlight means it wasn’t achieved. Yellow highlight 

means that the requirement was only partially achieved. 

Table 8.1-Requirements table outlining which requirements were met at the end of the project. 

Requirement 

number 

Requirement Description Why was it not achieved? or why was it partially 

achieved? 

1 Software has a basic user interface that allows 

the operator to control if and how the flight 

motion platform moves according to the input 

telemetry. 

 

2 Software provides START/PAUSE/STOP 

functionality to control the ride simulation as 

required. 

 

3 Software is able to accurately set each 

muscle’s length to a desired length without 

muscle length feedback. It will only achieve 

this by setting their pressure. The desired 

tolerance must be within +-25mm uncertainty 

range. 

 

4 Software is able to set the platform’s pose 

accurately enough for each motion to be 

noticeable to the naked eye. For example, the 

software can move the platform forwards or 

backwards in a visibly straight line. Target 

pose accuracy is very lenient in this project. 

 

5 Software takes into account the “safe state” of 

the wheelchair through input dock sensors. If 

the chair comes loose itself from the platform, 

the platform will halt to a stop in a pre-

determined “safe state” pose. 

Whilst the software does take into account a “safe 

state” signal as a Boolean signal, it does not interface 

with any real hardware to obtain such signal. The 

reason for this is due to the wheelchair docking 

system not being fully developed on time. Adapting 

this would not be too difficult and can be left for 

future work. 

Advanced Objectives  

6 User interface is friendly and can be easily 

used by an inexperienced operator with 

minimal training. 

Whilst the user interface is usable, it was not tested 

with other unexperienced users. There was little to no 

time to refine the user experience. 

7 User interface allows operator to manually 

control the chair’s pose and see a side-by-side 

simulation of it. 

Manual mode and operator gains were deprecated as 

development evolved. Due to time constraints these 

features were left out but were shown to work fine in 

earlier stages of development. 

8 Software allows support to connect chair to 

other flight sims aside from X-Plane. 

So far, the only supported flight sim is X-Plane. 

However, because the software was written with a 

modular mindset, developing code for other sims is 
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as easy as just writing a script that periodically sends 

a telemetry message via udp in a required format 

9 Final ride platform has VR support for further 

immersion 

This was not a focus on the main software. Adding 

VR support essentially comes down to setting up a 

VR headset on X-Plane which lies outside of the 

flight motion platform control software development 

which this project focuses on. 

 

8.2. Discussion from results 
Overall, most of the key objectives were successfully met. Although some were only partially met or not 

achieved at all, they were not as critical as those that were completed within the project’s timeframe. 

Certain requirements also evolved over the course of the project. For example: 

The original plan was to build a Unity-based GUI on top of the Python GUI. However, this was later 

changed in favour of developing the GUI using Python, while using Unity for a separate display 

application. The Python GUI proved sufficient for the project’s needs, and Unity excelled at efficiently 

displaying the platform model, whereas the Python-based display was slow and unresponsive. 

Some features, such as the washout filter, were not implemented. The washout functionality for the 

flight motion platform could not be completed within the project's timeline. The main reason for this 

was that the final flight motion platform was not fully constructed by the end of the development period. 

Since the physical platform was being developed independently from this project, certain elements and 

features that relied on access to the completed platform were deferred to future work. However, this had 

only a minimal impact on the project's overall deliverables. 

9. Conclusions and future works 
In conclusion, this project successfully achieved the following: it developed a control software system 

for operating a flight motion platform to enhance user immersion in the simulation, obtained calibration 

data for fluidic muscles through rigorous testing and data-driven improvements, and effectively 

integrated this calibration data back into the control software. Additionally, the calibration data met the 

project’s target tolerance of +-25mm. The results were shown to be more accurate than those from 

previous work, contributing to further advancements in this area of research. 

Although the project followed an agile methodology, which introduced challenges such as adapting to 

changing requirements and managing time effectively, it still achieved its core objectives. Some minor 

features, including washout filters, VR support, separating the control software and simulator onto 

different machines, manual control for the control software, and support for additional flight simulators, 

were deferred to future work. In particular, washout filters could not be fully tested due to the 

incomplete construction of the real flight platform. 

For future work, the main focus should be on continuing from where this project left off and addressing 

the areas mentioned above. A further detailed summary for future work is shown in Table 9.1. 
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Table 9.1-Table detailing future work objectives. 

Future work name Cause of not being finished 

within project timeframe 

Future work description 

Washout filters Final flight motion platform 

not being built in before the 

end of the project’s timespan. 

This will involve implementing the washout filters 

discussed in literature review. This will allow the platform 

to provide a more convincing motion to the user  

Separating simulator and 

flight motion platform 

control software onto 

different machines 

Not enough time to 

implement. 

This involves running the airplane simulation on one 

computer while it communicates with another computer via 

UDP, which is responsible for receiving the UDP telemetry 

messages and outputting the motion cues for the flight 

motion platform, just as this project achieved. This setup 

allows the control computer, responsible for managing the 

flight motion platform, to offload some of the 

computational load associated with processing a graphically 

intensive application. 

VR support Final flight motion platform 

not being built in before the 

end of the project’s timespan 

and low on priority list. 

This is an additional feature which was not related with the 

control software. This is something that can be set in X-

Plane completely separate from the flight motion platform 

control software. This can be implemented to improve ride 

immersion. 

Improving distance to 

pressure (DtoP) accuracy 

Not enough time to 

implement. 

Further improving the accuracy of the DtoP control module. 

Some possible target causes are the linear interpolation used 

when converting PtoD to DtoP (could use cubic 

interpolation). Another cause could be an error or oversight 

on how the module retrieves table data which leads to 

erroneous pressure settings. 

Manual control feature and 

gain settings 

Not enough time to 

implement plus the final 

flight motion platform not 

being built in before the end 

of the project’s timespan. 

The manual control feature in control software would allow 

the operator to control and troubleshoot the flight motion 

platform pose through some sliders. 

Support for other flight sims Not enough time to 

implement and being low on 

priority list. 

Some telemetry communication code could be written for 

simulators such as Microsoft Flight Sim or even custom 

unity games. This is meant to improve the flight motion 

platform’s overall versatility. 

UX/UI improvement and 

Quality Of Life (QoL) 

improvements to software 

Not enough time to 

implement and being low on 

priority list. 

Improving the UX experience would be helpful so that 

other operators can easily handle the platform with minimal 

difficulty. A crucial QoL improvement would be packaging 

my software as an executable binary that works just like 

any other app. At the moment manually running each 

relevant script via terminal is highly cumbersome. 

Flight motion platform safety 

sensor integration into 

control software 

Final flight motion platform 

not being built in before the 

end of the project’s timespan. 

Integrating the safety sensors is a key requirement to ensure 

the final wheelchair accessible flight motion platform is 

safe and does not cause any potential injuries to the user or 

others around the flight motion platform. 
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Make software raise platform 

to “parked position” to 

account for the final platform 

being flat against the ground. 

This is meant to prevent any 

collisions 

Final flight motion platform 

was not built in time. 

Therefore, this feature 

became a much lower priority 

over getting the key 

milestones. 

This is something the software has to account for when 

moving the platform. Otherwise, the flight motion platform 

will hit the floor when tilting by any small amount. The key 

is to simply raise the platform by around 5mm before it 

moves according to the simulation, so it does not hit the 

floor. 

Using full 250mm range in 

tables instead of clipping 

them at 200mm 

This was an oversight which 

was raised by my supervisor. 

Due to both time constraints 

and lack of final motion 

platform this was left for 

future work. 

Using the full range of the muscles is crucial because about 

5mm of the muscle are unusable due to the platform having 

to be raised by 5mm at all times. This leaves with 150mm 

range of motion per muscle as opposed to 200mm which 

provides a much more engaging experience (33% more 

movement range). 
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Appendix 

Appendix 1-RUNNING state logic. 
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Appendix 2-IDLE state logic 
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Appendix 3-READY state logic 

 

 

 

 

 

 



Control and Interface Systems for a Flight Simulation Experience Report.  Veiga, March 2025   

57 

 

 

Appendix 4-MANUAL state logic 
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Appendix 5-STOP state logic. 

 



Control and Interface Systems for a Flight Simulation Experience Report.  Veiga, March 2025   

59 

 

Appendix 6-state_machine.py code snippets 
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Appendix 7-platform_control_app.py GUI snippets 
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Appendix 8-platform_control_app.py code snippets 
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Appendix 9-dummy_airplane_app.py GUI snippets 
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Appendix 10-dummy_airplane_app.py code 

snippets 
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Appendix 11-safe_state_dummy.py GUI snippet 

 

Appendix 12-safe_state_dummy.py code snippets 
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Appendix 13-stewart_displa.py GUI snippet 
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Appendix 14-stewart_display.py code snippets 
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Appendix 15-PI_simple_telemetry.py written by 

Michael Margolis (retooled by Omar Maaouane) 
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Appendix 16-Telemetry code of Unity display app 
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Appendix 17-calibration_software.py GUI snippet 

 

 

Appendix 18-calibration_software.py code snippets 

  



Control and Interface Systems for a Flight Simulation Experience Report.  Veiga, March 2025   

77 

  

  



Control and Interface Systems for a Flight Simulation Experience Report.  Veiga, March 2025   

78 

 

 



Control and Interface Systems for a Flight Simulation Experience Report.  Veiga, March 2025   

79 

 

 



Control and Interface Systems for a Flight Simulation Experience Report.  Veiga, March 2025   

80 

 

 

 

Appendix 19-csv_muscle_plotter.py GUI 
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Appendix 20-csv_muscle_plotter.py code snippets 
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Appendix 21-stdev and range plot of final 13kg plot 

 

Appendix 22-stdev and range plot of final 24kg plot 
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Appendix 23-stdev and range plot of final 33kg plot 

 

 

Appendix 24-stdev and range plot of final 43kg plot 

 

 

Appendix 25-csv_averager_utility.py GUI 
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Appendix 26-csv_averager_utility.py code snippets 
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Appendix 27-D_to_P_converter.py GUI

 

 

Appendix 28-D_to_P_converter code snippets
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Appendix 29-D_To_P_plotter.py GUI snippet   

 

 

Appendix 30-D_To_P_plotter code snippets 
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Appendix 31-Muscle DtoP test software flowchart 
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Appendix 32-DtoP_Validator.py GUI snippet 

 

Appendix 33-DtoP_Validator.py code snippets 
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Appendix 34-d_to_p_ver_2.py code snippets 

 



Control and Interface Systems for a Flight Simulation Experience Report.  Veiga, March 2025   

100 

 

 

 

 



Control and Interface Systems for a Flight Simulation Experience Report.  Veiga, March 2025   

101 

 

Appendix 35-DtoP_Validation_Plotter.py GUI 

snippet 
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Appendix 36-DtoP_Validation_Plotter.py code 

snippets 
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9.1. Generative AI Use Disclaimer Form 
This form is intended for PDE3823 students submitting their final-year project reports. Please complete 

the checklist below to provide transparency regarding the use of Generative AI tools during the project 

work. Submit this form alongside your final report. 

 

Student Details: 

• Name: Omar Maaouane Veiga 

• Student ID: M00853972 

• Project Title: Control and Interface Systems for a Flight Simulation Experience 

• Supervisor: Michael Margolis 

 

Generative AI Usage Declaration 

Please indicate how generative AI tools were used during your project by ticking the relevant boxes 

below: 

☐ No Generative AI tools were used during the completion of this project. 

☐ AI tools were used for brainstorming and idea generation. 

☒ AI tools were used for text drafting and report writing assistance. 

☒ AI tools were used for code generation, debugging, or suggestions. 

☐ AI tools were used for data analysis or visualisation support. 

☐ AI tools were used for design simulation, modelling, or testing. 

☐ Other (Please specify): __________________________________________ 

 

Acknowledgment 

I hereby confirm that: 

• All AI-generated content used in this report was critically evaluated, edited, and verified for 

accuracy and appropriateness. 

• All intellectual contributions remain my own, and the final report reflects my independent work and 

understanding. 

• Proper acknowledgment has been given where applicable. 

 

 

Student Signature:                                                                                       Date: 30/03/2025 

 


