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Research Objective: Understanding Porpoising and How can AI be used to combat 

porpoising? 

Introduction: 

Formula 1 is a sport at the forefront of 

automotive engineering, constantly pushing the 

limits of speed, performance, and 

aerodynamics. Despite technological 

advancements, challenges like ground effect 

and porpoising still affect the sport. Ground 

effect impacts the aerodynamic interaction 

between the car and the track surface, while 

porpoising causes an oscillating movement, 

making it difficult to maximize performance. This research looks into how different teams 

have approach to solve porpoising and which methods were most effective, To better 

manage and reduce porpoising, Artificial Intelligence (AI) can be very useful. AI can help 

develop new ideas and designs, enabling teams to improve performance by addressing 

ground effect issues. Through this research the effort is to delve into the different aspects 

of AI that can be used in today’s era of motorsports and to manage porpoising in F1. 
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Introduction 

The raft of rule changes to the Formula 1 rule book has gotten the best engineers of the 

teams to work their brains a lot. In 2022 the FIA is promoting closer and action packed 

racing, with more overtakes and track battles. And one of the changes made to the rule 

book was ride height which causes ground effect.  Porpoising is currently the biggest 

problem or you could say an issue of the new car. This phenomenon occurs when the car is 

on a fast straight.This is seen since in the Barcelona and Bahrain test we could see all the 

drivers bouncing up and down. I will be breaking down proposals in this report.  

 

What is Ground Effect 

Ground effect is the primary effect that causes porpoising. Ground effect is another layer of 

aerodynamic magic that allows the car to stick to the ground which gives the car more grip 

and speed. The teams can change their rear and front wing to change the air flow. In the 

case of the 2022 car the air flow creates a vacuum underneath the car floor which causes 

porpoising.  Additionally 2022 is the first year the teams can use ground effects since it was 

banned around the  1980s. Additionally, loss of ground effect leads to the drivers losing 

control of the car very easily.  Since there was less downforce on the car it meant they 

would lose control easely if they hit a bump, a rock or any sort of debris. But obviously 

because of the ever developing aero technology the risk has reduced in the past few years. 

Nowadays instead of extreme grip loss that forced the drivers from the 1980s off the track. 

In the modern era the car’s suffer from poverty . The car gets sucked into the track and 

they lose this effect immediately but this happens repeatedly in a rapid succession. This 

brings up another point on Vortexes. 
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Historical Context & Evolution 

Ground effects were first introduced in formula 1 in the late 1970s and early 1980s, 

revolutionizing aerodynamics and the car’s performance by increasing downforce without 

adding drag, which significantly shaped the aerodynamics strategies implemented by 

teams.  

Early Ground Effects Era  

Ground effects were predominantly introduced in Formula 1 by Colin Chapman and the 

team lotus in the late 1970’s. The use of ground effect was first introduced in the lotus 78 

also known as the “Wing Car”, which was designed with side skirts and underbody that was 

shaped like an inverted wing to create low pressure under the car effectively creating an 

area with negative lift, sucking the car to the ground  thereby increasing the downforce 
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without adding too much drag. This allowed the car to corner at high speed corners paired 

with increased grip.  

 

Example of Ground Effect (Car-Lotus 78) 

Key Developments: 

●​ Lotus 78 (1977): This was the first car that featured the side skirt that sealed the 

underbody, trapping a low pressure area created by inverted wing shape. This 

allowed them to create a constricted area of windflow nodding towards being able 

add components and tweak the designs to get performance out of the car.  

●​ Lotus 79 (1978): An evolution of the Lotus 78, the Lotus 79 was even more 

successful with a more complicated structure allowing them to have more control 

over the airflow. This allowed them to place several components in this area to 

increase cooling for the car.  
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Comparison of Lotus 78 & 79 

Ban on Ground Effect (1983) 

By the early 1980’s, the safety issues associated with ground effect became more apparent. 

The main concern during this period was the unpredictable disruption in the air which led 

to a sudden loss of downforce acting upon the car, which led to catastrophic crashes. 

Additionally, the tough side skirts used to seal the underside posed a risk of failing or 

causing the car to lose grip unexpectedly.  

To reduce the risks of having fatal crashes, the FIA introduced the regulation to ban ground 

effect starting from the 1983 season. The new rules mandated flat bottoms or floors for all 

cars, effectively eliminating the ability to generate any ground effect. This marked the shift 

toward focusing on other aerodynamic aspects of the cars, such as the wings, diffusers, 

side skirts, front nose etc. to generate downforce.  

 

 

Key Changes in 2022:  

●​ Venturi Tunnels: These aerodynamic elements in the floor helped accelerate 

airflow and create a low pressure area, sucking or creating negative lift the car 

towards the track.  
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●​ Simplified Wings: Front and rear wings were simplified to reduce the turbulent air 

the cars produced 

●​ Wheel Covers and Deflectors: These elements were introduced to manage the 

airflow around the tires and reduce the aerodynamic wake.  

What are Vortexes 

This is the last thing that brings together porpoising. The contents of the air that helps to 

pull the car towards the road. On all the sides of the car there are intricate aero flaps that 

force the air to create small spirals. This leads to a vacuum underneath the car. Which leads 

to the entire issue of porpoising.In Formula 1, vortexes are a crucial aspect of aerodynamic 

design, involving the spiral movement of air around an imaginary axis. They are induced as 

air flows around the car's wings and other aerodynamic components, creating low-pressure 

cores and high-pressure walls. Vortices can be beneficial when used correctly, contributing 

to the generation of downforce and aiding in the management of airflow. Various types of 

vortices, such as the Y250 vortex, are utilized in F1 car aerodynamics to improve 

performance. Aerodynamicists work to manage vortices to minimize drag and maximize 

the car's speed and downforce. Additionally, "vortex sealing" is a technique that uses 

vortices to seal off the floor and wings, preventing the leakage of low-pressure air. This is 

achieved by creating vortices to control the airflow and minimize the negative effects of 

low-pressure areas. Therefore, vortices play a significant role in the aerodynamic 

performance of F1 cars, and their management is a key focus of aerodynamic design and 

development in the sport. 

 

Example of vortexes from the barcelona Test (Car-Mclaren MCL 36) 
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Types of Vortices in F1: 

1.​ Y250 Vortex: 

a.​ This vortex is named after its location, which is approximately 250 mm from 

the centerline of the car, where the front wing and the nose meet. 

b.​ It helps in directing the airflow around the car’s front and along the floor 

improving the effectiveness of the other aerodynamics components like the 

bargeboard and the sidepods 

  

 

 

2.​ Diffuser Vortices: 

a.​ This vortex is created by the rear diffusers of the car 

b.​ These vortices help extract air from underneath the car more effectively, 

increasing the downforce by enhancing the low pressure area.  
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Vortex Generators: 

 

  

 Comparing Using Case Studies  

In the 2022 Formula 1 Season, different teams took varied approaches to find solutions to 

the proposing effect, each team coming with unique innovations and solutions. Analyzing 

these case studies will provide us valuable insights into the effectiveness of different 

strategies implemented by different teams.  
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Mclaren’s Approach 

Mclaren, is known for their very innovative engineering, faced significant challenges during 

the pre-season testing sessions in bahrain. The MCL36 showed significant bouncing on 

straights, impacting both the performance and the comfort of the car. 

 

Innovations and Solutions: 

1. Aerodynamic Innovations 

Floor and Diffuser Design: 

●​ Revised Floor Geometry: McLaren made changes to the floor design to better 
manage airflow and reduce porpoising. Adjustments included altering the shape 
and stiffness of the floor to stabilize the airflow. Allowing them to have more control 
over the underfloor vortexes being created.  

●​ Floor Edge Modifications: The team added small modifications to the floor edges, 
specifically small slats allowing them to alter different aspects of the underfloor 
vortexes being created from under the floor. to help in managing airflow and 
reducing the turbulence that leads to porpoising. 

Wing Adjustments: 

●​ Front and Rear Wing Tweaks: By experimenting with different wing configurations, 
McLaren aimed to balance the aerodynamic loads and mitigate porpoising. 
Adjustments to wing angles and profiles were crucial.  
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●​ Rear Wing Flap: Adjustments to the rear wing flap, in the form of changes to the 
angle of the flap the geometry of the placement of the flap helped in controlling the 
airflow and reducing the bouncing effect. 

2. Suspension Adjustments 

Suspension Geometry: 

●​ Optimized Suspension Setup: McLaren focused on tuning the suspension 
geometry to better handle the vertical oscillations caused by porpoising. This 
included adjustments to the stiffness and damping of the suspension components. 

●​ Enhanced Dampers: Advanced dampers were used to absorb the vertical 
movements, smoothing out the ride and reducing the impact of porpoising. 

●​ Type of Suspension: To combat the effect of porpoising throughout the season 
Mclaren went for an offbeat suspension pairing with the front suspension being  a 
pullrod suspension an the rear being a pullrod suspension.  

 

Active Suspension Components: 

●​ Adjustable Ride Height: McLaren used adjustable ride height mechanisms to 
better control the car’s ground clearance, helping to reduce porpoising. The team 
made several adjustments to the car;s setup to find the right balance between high 
downforce and stability. To experiment and bring balance between these two 
Mclaren made changes and adjusted the ride height several times. This aided them 
in finding the right balance between downforce and stability while also having to 
sacrifice one of these aspects to get the fastest laptimes 

●​ Variable Stiffness Springs: Experimentation with different spring stiffness levels 
allowed for a better balance between ride comfort and aerodynamic performance. 
The key to the variable stiffness suspension was the use of a horizontal control strut 
and a vertical strut. The relative travel of the spring with respect to the wheel travel 
allowed the stiffness to be varied passively. This was achieved through a 
spring-damper system that generated a horizontal force, which in turn influenced 
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the overall stiffness of the suspension.Through experimentation, the McLaren team 
was able to find the optimal balance between high downforce and stability by 
adjusting the variable stiffness suspension setup. 

Outcome: 
These changes gave Mclaren an upper edge. The MCL36 showed reduced porpoising 
during subsequent tests and races, allowing the drivers to maintain higher speeds on 
straights and improve their lap times. The team’s adaptability and engineering prowess 
were evident in their ability to quickly diagnose and address the issue. 
 
Mercedes Approach 

Mercedes, the team that dominated the grid with the W12, faced unexpected challenges 

with their W13 car. The car showcased severe porpoising during both testing and early 

race, which not only affected performance but also posed physical challenges to the 

drivers.  

 

Innovations and Solutions: 

1. Aerodynamic Innovations 

Floor and Diffuser Design: 

●​ Innovative Floor Designs: Mercedes experimented with various floor designs, 

including adding stiffening structures and using different materials to reduce flex 

and stabilize airflow. Moreover, throughout the season they tweaked the floor 
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design by optimizing the geometry of fences guarding the opening of the venturi 

tunnels. Helping combat the issues of porpoising throughout the season.  

●​ Diffuser Modifications: Adjustments to the diffuser geometry helped manage 

airflow more effectively, reducing the oscillations caused by porpoising. Moreover, 

they also increased the stiffness of the diffuser’s edges. Allowing them to keep the 

floor edge off the ground at high speeds reducing the bouncing caused by 

porpoising. 

 

Wing Adjustments: 

●​ Front Wing Modifications: Changes to the front wing, including adjusting the angle 

of attack and profile, helped balance aerodynamic loads and reduce porpoising.The 

team changed the position of the nose tip as well as the profiles of the front wing 

elements. The nose was no longer connected to the first wing , which had a peculiar 

spoon-like shape. These changes were aimed at improving the quality of airflow 

under the nose and to the front of the floor, which would impact the overall 

aerodynamics and help reduce porpoising. 

●​ Rear Wing Optimization: The rear wing was optimized to improve the airflow over 

the diffuser, contributing to a more stable aerodynamic setup. The team would vary 

their rear wing setup throughout the season where in they would focus on the high 

downforce setup or a low downforce setup on either of the two cars allowing them 
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to gather enough data to strike a balance between stability and performance to 

mitigate the effects of proposing and ground effect.  

 

2. Suspension Adjustments 

Suspension Geometry: 

●​ Optimized Suspension Setup: Mercedes worked on optimizing the suspension 

setup to better handle the vertical oscillations. Moreover, they worked around the 

concept of the anti-dive. The team maintained the use of a push-rod front 

suspension to increase the level of anti dive. This helps them reduce the amount of 

front the car goes through under braking, keeping the front of the car more stable 

helping them maintain a consistent ride height. Resultantly helping them mitigate 

the effects of porpoising.  

●​ Advanced Dampers: Mercedes used constantly altered the compression of their 

dampers to absorb the vertical movements, they did this by increasing the spring 

rate smoothing out the ride. But this was only a temporary fix to the effect of 

porpoising as this effect is purely an aerodynamic effect.  
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Outcome:  

While Mercedes made significant progress throughout the season, completely eliminating 

porpoising proved challenging. The W13's performance varied across different tracks, 

showing improvement but still lagging behind their main rivals in terms of consistent speed 

and driver comfort. 

Red Bull Racing’s Success 

Red Bull Racing, under the technical leadership of Adrian Newey, adopted a different 

approach to handle the aerodynamic changes in 2022. Their RB18 car showed less 

susceptibility to porpoising, thanks to their innovative design strategies. 

Innovations and Solutions: 

1.​ Aerodynamic Innovations 

Floor and Diffuser Design: 

●​ Innovative Floor Geometry: Red Bull focused on innovative floor designs, 

specifically they matched the volume of the floor tunnels along the length of the car 

to allow consistent airflow allowing them to minimize porpoising. Moreover, the 

team changed the frontal section of the floor sculptiting it in a say that it would work 

harmonically with the fences on the floor. Helping improve the flow stability over a 

range of ride height conditions allowing them to minimize the effects of porpoising. 
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●​ Diffuser Optimization: Adjustments to the diffuser geometry helped in managing 

airflow more effectively, reducing the oscillations caused by porpoising. 

Wing Adjustments: 

●​ Front Wing Modifications: Changes to the front wing, including adjusting the angle 

of attack and profile, helped balance aerodynamic loads and reduce porpoising. 

●​ Rear Wing Tweaks: The rear wing was optimized to improve the airflow over the 

diffuser, contributing to a more stable aerodynamic setup. 

 

2. Suspension Adjustments 

Suspension Geometry: 

●​ Optimized Suspension Setup: Red Bull focused on tuning the suspension 

geometry to better handle the vertical oscillations caused by porpoising. This 

included adjustments to the stiffness and damping of the suspension components. 

●​ Advanced Dampers: Red Bull used advanced dampers to absorb the vertical 

movements, smoothing out the ride and reducing the impact of porpoising. 

Active Suspension Components: 

●​ Adjustable Ride Height: Adjustable ride height mechanisms were employed to 

better control the car’s ground clearance, reducing the impact of porpoising. 
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●​ Variable Stiffness Springs: Experimentation with springs of varying stiffness helped 

in balancing ride comfort with aerodynamic performance. 

 

Outcome:  

Red Bull’s approach paid off significantly. The RB18 showed excellent performance with 

minimal proposing issues, allowing Max Verstappen and Sergio Perez to consistently 

compete for  the front of the grid. Their success was a testament to the effectiveness of 

their aerodynamic strategies and innovative engineering. 

Ferrari's Approach 

Ferrari's 2022 season with the F1-75 car saw the team having to face the porpoising 

phenomenon, which was a common challenge due to the new ground effect regulations. 

Ferrari managed to find effective solutions through a combination of aerodynamic and 

mechanical adjustments. Here is a detailed analysis of their approach: 

Innovations and Solutions: 

1.​ Aerodynamic Modifications: 

Floor and Diffuser Design: 

●​ Revised Floor Geometry: Ferrari made significant changes to the geometry of the 

car’s floor. They focused on creating a floor design that could better manage airflow 

and reduce the oscillations caused by the ground effect. 

●​ Venturi Tunnels: The introduction of optimized venturi tunnels under the car 

helped in controlling the airflow more effectively, thereby stabilizing the car at high 

speeds and reducing the severity of porpoising. 

●​ Vortex Generators: Ferrari utilized vortex generators to manage the turbulent 

airflow under the car. These generators helped in stabilizing the air pressure and 

minimizing the aerodynamic fluctuations that contribute to porpoising. 

Wing Adjustments: 
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●​ Front and Rear Wing Modifications: The team experimented with different wing 

configurations. By adjusting the angles and profiles of the front and rear wings, 

Ferrari aimed to balance the downforce distribution across the car, mitigating the 

bouncing effect. 

●​ Beam Wing Optimization: The beam wing, located at the rear of the car, was 

adjusted to improve airflow over the diffuser, enhancing overall aerodynamic 

stability. Experimenting with different stiffness and damping configurations to 

mitigate the effects of porpoising. 

 

2.​ Suspension Adjustments 

Suspension Geometry: 

●​ Optimized Suspension Setup: Ferrari engineers focused on optimizing the 

suspension geometry to better handle the vertical oscillations. This included 

adjustments to the wishbones and pushrods to improve the car’s response to the 

aerodynamic loads. 

●​ Hydraulic Dampers: The use of advanced hydraulic dampers helped in absorbing 

the vertical movements caused by porpoising. By fine-tuning the damping rates, 

Ferrari could smooth out the ride and maintain stability. 

Active Suspension Components: 

●​ Adjustable Ride Height: Ferrari employed adjustable ride height mechanisms to 

adapt the car’s stance dynamically. This allowed for better control over the ground 

clearance, reducing the likelihood of proposing at different speeds and track 

conditions. 

●​ Variable Stiffness Springs: The team experimented with springs of varying stiffness 

to find the optimal balance between ride comfort and aerodynamic performance. 

Outcome: 

By addressing the problem from multiple angles, Ferrari managed to reduce the impact of 

porpoising significantly and enhance the overall performance of the F1-75 car. These 
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efforts were crucial in maintaining their competitiveness in a season marked by significant 

regulatory changes and technical challenges. 

Concluding the Case Studies 

Red Bull Racing’s Technical Superiority 

Aerodynamic Innovations: 

1. Innovative Floor Geometry: Red Bull's RB18 utilized a precisely matched volume of 

floor tunnels along the car's length, creating consistent airflow and minimizing porpoising. 

The floor's frontal section was sculpted to work harmoniously with the fences, stabilizing 

the flow over a range of ride height conditions. 

2. Diffuser Optimization: Adjustments to the diffuser geometry ensured better 

management of airflow, reducing vertical oscillations. 

Suspension Adjustments: 

1. Optimized Suspension Geometry: Red Bull tuned the suspension geometry, optimizing 

stiffness and damping components to handle vertical oscillations efficiently. 

2. Active Suspension Components: The use of adjustable ride height mechanisms and 

variable stiffness springs allowed precise control over ground clearance, balancing ride 

comfort with aerodynamic performance. 

 

Outcome: The RB18 demonstrated minimal porpoising, allowing Max Verstappen and 

Sergio Perez to maintain high competitiveness. Red Bull’s aerodynamic strategies and 

precise suspension tuning provided an optimal balance between high downforce and 

stability, showcasing their technical excellence. 
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McLaren’s Adaptability 

Aerodynamic Innovations: 

1. Revised Floor Geometry: Changes to the floor design, including altered shape and 

stiffness, stabilized airflow and controlled underfloor vortexes. 

2. Wing Adjustments: Adjustments to the angles and profiles of the front and rear wings 

balanced aerodynamic loads, reducing porpoising. 

 

Suspension Adjustments: 

1. Optimized Suspension Setup: McLaren focused on tuning the suspension geometry 

and enhancing dampers to absorb vertical movements effectively. 

2. Active Suspension Components: Adjustable ride height mechanisms and variable 

stiffness springs helped McLaren find the right balance between high downforce and 

stability. 

Outcome: McLaren’s MCL36 showed reduced porpoising, improved lap times, and higher 

straight-line speeds. Their quick adaptation and engineering capabilities were evident in 

their ability to address and mitigate the issue effectively. 

Ferrari’s Approach 

Aerodynamic Modifications: 

1. Revised Floor Geometry and Venturi Tunnels: Significant changes to the floor 

geometry and optimized venturi tunnels controlled airflow more effectively, reducing 

porpoising. 

2. Vortex Generators and Beam Wing Optimization: These elements stabilized air 

pressure and minimized aerodynamic fluctuations, enhancing overall stability. 
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Suspension Adjustments: 

1. Optimized Suspension Geometry: Ferrari adjusted wishbones and pushrods to 

improve response to aerodynamic loads. 

2. Hydraulic Dampers and Active Suspension Components: Advanced hydraulic 

dampers and adjustable ride height mechanisms allowed better control over ground 

clearance and vertical movements. 

 

Outcome: Ferrari’s efforts resulted in a significant reduction in porpoising and enhanced 

the performance of the F1-75. Their comprehensive approach maintained their 

competitiveness throughout the season. 

Mercedes’ Progress 

Aerodynamic Innovations: 

1. Innovative Floor Designs and Diffuser Modifications: Mercedes experimented with 

various floor designs and diffuser adjustments to reduce flex and stabilize airflow. 

2. Front Wing and Rear Wing Optimization: Changes to the front wing’s angle of attack and 

profile, along with rear wing adjustments, aimed to balance aerodynamic loads and reduce 

porpoising. 

Suspension Adjustments: 

1. Optimized Suspension Setup with Anti-Dive: Mercedes utilized a push-rod front 

suspension to increase anti-dive, reducing front-end dive under braking and maintaining 

consistent ride height. 

2. Advanced Dampers: By altering damper compression, Mercedes aimed to absorb 

vertical movements but faced challenges in fully mitigating the aerodynamic nature of 

porpoising. 
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Outcome: While Mercedes made significant progress, they struggled to completely 

eliminate porpoising. The W13's performance was inconsistent, showing improvement but 

lagging behind rivals in terms of speed and driver comfort. 

Conclusion 

Red Bull Racing demonstrated the most effective technical approach to combating 

porpoising by leveraging advanced aerodynamic and suspension innovations, resulting in 

minimal issues and superior performance. McLaren achieved significant progress through 

adaptive engineering and a balanced approach, leading to improved lap times and reduced 

porpoising. Ferrari employed a multi-faceted strategy that effectively minimized porpoising 

and maintained competitiveness with detailed aerodynamic and suspension adjustments. 

Meanwhile, Mercedes made incremental progress with innovative solutions but faced 

challenges in fully addressing the aerodynamic effects of porpoising, leading to inconsistent 

performance. Red Bull Racing’s comprehensive technical approach, integrating precise 

aerodynamic designs and advanced suspension technologies, set a benchmark for 

engineering excellence in the 2022 F1 season. 

AI In Formula 1 

Artificial Intelligence (AI) is increasingly becoming an integral part of Formula 1, contributing 

to various aspects of car performance, race strategy, and overall team efficiency. Here’s a 

detailed breakdown of how AI can be used in F1, with specific focus on addressing the 

challenges of ground effect and porpoising.  

Aspects AI can be used in several aspects: 

1.​ AI-Powered Aerodynamic Simulations:  

a.​ Teams can use AI algorithms to run complex programs and simulations to 

model and optimize the airflow around the car, this program will help 

identify areas prone to proposing and testing solutions.  

b.​ Teams can use machine learning algorithms to build these accurate 

simulation models that can simulate the complex airflow around the car in 

various scenarios and in various settings allowing them to simulate several 
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conditions from different tracks allowing them to plan for the tracks before 

they reach there.  

c.​ Moreover, this models can be trained on several no.of wind tunnel models 

and track data from past telemetry data allowing them to improve this 

capabilities to predict the use of certain  

2.​ Real time porpoising detection: 

a.​ Computer vision systems powered by deep learning can analyze video 

footage through the car’s onboard cameras to detect and quantify the level 

of porpoising , paired with data being collected by sensors connected to the 

wheels allowing us to gather data in real time.  

b.​ This AI model can be trained to recognize the specific patterns and 

movements associated with, proposing, providing valuable and intricate 

feedback to the engineers. This data can be integrated with other 

information to get a comprehensive understanding about the car’s dynamics 

and its behavior around the track. 

3.​ Autonomous Testing  

a.​ AI powered autonomous driving systems can be used to control the car 

during testing, ensuring consistent and repeatable runs. This allows for 

precise data collection and analysis, minimizing human error and providing 

reliable results for engineers to study and improve upon. 

b.​ This allows for more thorough evaluation of porpoising at different speeds 
and setups, without the variability introduced by human drivers. The AI can 
be programmed to systematically test a wide range of conditions, collecting 
comprehensive data that might be missed in traditional testing scenarios. 

c.​ The AI system can also be programmed to push the car to its limits, exploring 
the boundaries where porpoising occurs. By safely testing the car’s 
performance at extreme conditions, the AI helps engineers understand the 
thresholds and design more robust solutions to mitigate porpoising 
effectively. 

4.​ Predictive Maintenance: 

a.​ AI algorithms can be trained on historical data from the car’s sensors to 
identify patterns and anomalies that indicate an increased risk of porpoising. 
By analyzing vast amounts of past performance data, the AI can learn to 
recognize subtle signs that precede porpoising, enhancing its predictive 
capabilities. 
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b.​ By predicting when proposing is likely to occur, the team can make proactive 
adjustments to the car’s setup to mitigate the issue. This allows engineers to 
fine-tune the car in real-time, optimizing its performance and safety before 
proposing becomes a significant problem during a race. 

c.​ The models can be continuously updated with new data to improve their 
accuracy and adapt to changing track conditions. As more data is collected 
from ongoing tests and races, the AI algorithms become more sophisticated, 
ensuring they remain effective under varying conditions and providing a 
competitive edge. 

5.​ Explainable AI (XAI) 

a.​ XAI (Explainable AI) techniques can be used to make the decision-making 
process of the AI models more interpretable and understandable to the 
engineers. By providing insights into how the AI reaches its conclusions, 
engineers can gain confidence in the AI’s recommendations and make more 
informed decisions. 

b.​ This can involve techniques like feature importance analysis, sensitivity 
analysis, and visualization tools to help identify the key factors contributing 
to porpoising. These methods highlight which variables most influence the 
AI’s predictions, allowing engineers to focus on the most critical aspects of 
the car’s setup. 

c.​ By understanding the underlying mechanisms, the engineers can better 
validate the AI-powered solutions and ensure they are addressing the root 
causes of the problem. This deeper insight helps in refining both the car 
design and the AI models, leading to more effective and reliable solutions for 
mitigating porpoising. 

6.​ Bias reduction 

a.​ AI can be used to analyze the data used in the development of proposing 
solutions, identifying potential biases or inconsistencies. By thoroughly 
examining the data, AI can uncover patterns or anomalies that may skew 
results, ensuring a more accurate and reliable foundation for developing 
solutions. 

b.​ By understanding the limitations and biases in the data, engineers can make 
more informed decisions and develop more robust fixes. Recognizing these 
issues allows engineers to adjust their approaches and methodologies, 
ensuring that solutions are effective across a wider range of scenarios and 
not just under ideal conditions. 

c.​ Advanced statistical techniques and explainable AI (XAI) methods can be 
employed to enhance the transparency and trustworthiness of the 
AI-powered solutions. By making the AI’s decision-making process clearer 
and easier to understand, engineers can trust the insights provided and 
ensure that the solutions developed are both credible and dependable. 
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Conclusion 

The reintroduction of ground effect aerodynamics in the 2022 Formula 1 season has 

brought back the persistent issue of porpoising, prompting a study to understand how 

different teams have tackled this challenge and explore the potential of Artificial 

Intelligence (AI) in mitigating it. The analysis of Red Bull Racing, McLaren, Ferrari, and 

Mercedes revealed varied strategies used by the team and levels of success. Red Bull 

Racing led the field with advanced aerodynamic designs and precise suspension 

adjustments, effectively minimizing porpoising. McLaren demonstrated significant 

adaptability through a balanced engineering strategy that improved lap times and reduced 

oscillations. Ferrari maintained competitiveness with a multifaceted approach involving 

detailed aerodynamic and suspension modifications. Despite innovative solutions, 

Mercedes faced ongoing challenges in fully eliminating porpoising, resulting in inconsistent 

performance. Key takeaways from this research include the necessity of innovative floor 

geometries and aerodynamic modifications for effective proposing management, the 

importance of precise suspension tuning with advanced dampers and adjustable ride 

heights, and the promising role of AI. AI-powered simulations, real-time detection, and 

predictive maintenance offer opportunities to revolutionize the way teams address 

aerodynamic challenges and optimize car performance. 
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