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Abstract                                                                                       
In contrast to the studies and calculations that have been done on the dynamics of other types of vehicles, the study of the dynamics of motorcycles goes back to the late 19th century and is actively researched today. In addition, the last few years have seen several notable advancements in the discipline across a range of subfields. For a high-performance end result, the current situation intends to construct an advanced dynamics research and processing system that is implemented using software like 2D Race Data Recording/Ansys/VI-Bike Real Time/Adams/View-MATLAB/Simulink co-simulation. In particular, the goal of this research is to develop model of motorcycles that can consider several aspects of the rider–motorbike dynamic simulation and its control system. Several progresses like aerodynamics, suspension setups, rider aid and safety sides are currently involved. The observations from both motorcycle and rider have significant influence on dynamics research.


1. INTRODUCTION 

Engineers now have the task of bringing new technology and improvements to make motorcycles safer and more in line with consumer expectations as the motorcycle business rapidly changes. Control systems are becoming more prevalent, new combinations and designs are attracting customers, new materials are enhancing ride and handling, and racing activities are accelerating at a rapid rate. Motorcycles represent the wheeled vehicles category with a single track, so kinematics of these vehicles are fundamentally distinct and far more challenging to analyse than those of other multi-wheeled vehicles.
1.1 CFD AERODYNAMIC SIMULATION IN SPORTS MOTORCYCLES
The examination of the aerodynamics of cars from the outside was one of the first examples of a practical use of computational fluid dynamics (CFD). In the study that is being given here, an investigation of the aerodynamics of a motorcycle was carried out using the techniques of computational fluid dynamics (CFD). CFD is a tried and tested technology that is used in the research and development of aerodynamics; nevertheless, the precision and correctness of the results can't be guaranteed.

A variety of factors, including geometrical detail, appropriate numerical mesh, choice of turbulence model, boundary condition specification, and others, all play a role in determining the final outcome. As a result, carrying out an experimental validation or comparison with experimental data taken from the published research is considered to be sound practise. The high-class simulation that they used the DDES approach to create was the reference simulation for their research. The findings of accurately carried out simulations using DDES or LES were used as reference results, and a margin of error that was comparable to those of the experimental testing was used.
All of the simulations that were presented were carried out using the ANSYS Fluent software, version 2020 R1, using the High-Performance Computing infrastructure that was made available by the National Centre for Nuclear Research.
 The CAD model of a MotoStudent class motorcycle developed at the Warsaw University of Technology was used in the course of the research that was carried out for this project. Because the rider's posture played such an important part in determining the outcome of the study, a 3D scan was carried out to accurately represent the position of the rider on the motorcycle. The great majority of the geometry's exterior surfaces have been faithfully replicated, while components that do not substantially affect the vehicle's aerodynamics have been simplified. This allows for a more realistic representation of the geometry.
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Figure 1. Sportsbike from the MotoStudent class, modelled in CAD with two riding positions.
They have considered the geometry of the bike first. Then they proceeded with the Domain and Boundary Conditions for Computational Work with respect to the model. The parameters of the fluid domain were decided upon after consulting established standards for mathematical modelling. It assures that the flow structures happening behind the moving motorcycle can be completely visible, and that there are no boundary interactions with the flow that can be detected. After processing, they found several output values. These numbers are comparable to the results obtained in the wind tunnel at the Warsaw University of Technology while the machine was working at a level very near to its maximum capacity. Then they worked on with Ansys mesh generation methodology and different aerodynamic drag coefficient values were studied.
The RANS, SAS, and DDES methods of modelling turbulence were investigated, assessed and comparison study were done.
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Figure 2. Highlighted parts of the examined geometry.
The drag coefficient and drag values from all the turbulent models were similar with slight difference in values. Aerodynamic drag from the motorcycle and rider was thus analysed. With the change in rider position and different modifications in the model, improvements in performance can thus be found out using comprehensive CFD simulations.
1.2 DYNAMICS OF SUPERBIKES BY ADVANCED CONTROL SIMULATIONS
The purpose of this research is to create a model that is able to consider many components of the dynamic simulation of the rider–motorbike and its control system that have previously only been discussed individually in the relevant literatures.
The authors created a sophisticated tool using Adams/View & MATLAB/Simulink co-simulation in order to mimic rider/motorcycle behaviour for a given trajectory and accompanying velocity profile. It was important to precisely simulate both the motorbike and the rider. The bike was modelled using 15 bodies, each of which included flexibility into one of the two suspension groups. The virtual rider was also modelled with 15 bodies, all of which were rigid structures. To recreate the actual inertial properties of the motorbike, which were either provided by manufacturer or discovered via experimentation, a realistic model of every component of the motorcycle were created. The authors made the decision to simulate (Adams/View) a whole lap at Monza circuit because of the diverse track conditions there have hairpins, high curves, chicanes, etc.
When assessing the dynamics of a high-performance motorbike, aerodynamic force is crucial. In this case, drag is the most important factor since it has a direct impact on acceleration and braking. The authors of this study have implemented a multibody model of a motorbike and applied a variable force in the horizontal, longitudinal plane of the bike to the rider's centre of gravity. 
The drag, rider’s passive impedance & trajectory sensor data’s are taken into consideration. In this study, the authors developed a tool (shown in Figure 3) that can replicate the dynamics of the motorcycle/rider system by following any route with a predefined velocity profile, accurately replicating engine performance and braking.
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Figure 3. logic chart of the instruments.
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Figure 4. Control system flow diagram.
The Adams software calculates the equations of the model's dynamics, while the Simulink software processes all of the data for the control system, therefore the two programs must exchange data in order to do a co-simulation. Figure 4 displays the extended control system together with its constituent parts. The Adams model is the main component, with its left-hand inputs and right-hand outputs forming the block. From the 'Rider' Block, the formula for determining the torque required to turn the handlebars. T he 'Braking System' block, determine the amount of torque to apply to the front and rear wheels' brakes. Block  "Engine": rear-wheel torque calculation for the engine. Block 'Riders motion': rider movement calculations are done. 

Using a prior model, the authors developed a motorcycle/rider control system. A full lap of the Monza racetrack was simulated using widely viable co-simulation software (Adams/View and MATLAB/ Simulink) to analyse the realistic influence of rider motions on the bike's dynamics, engine, and brake performance, and drag on the system. Their model can modify trajectory, simulating different tracks.
1.3 SMARTPHONE-BASED MOTORBIKE DYNAMICS MEASUREMENT
In today's modern smartphones, the "hardware" sensors that are often included are an accelerometer, gyroscope, and magnetometer. These sensors are generally paired with a GPS receiver. In addition, luxmeters, microphones, proximity sensors, and barometers are often at one's disposal. An application may receive sensor data from the operating system by using well-documented Interfaces. This is possible inside the OS. Accuracy of the inbuilt sensors for current smartphones are different, so the authors have used different devices for testing. 
When discussing the status of the research, the authors have focused on the fundamentals of motorcycle lateral dynamics and applicable coordinate systems, provided an overview of smartphone sensors, and discussed how the roll angle of a motorbike may be computed using sensor data.
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Figure 5. The measuring chain's layout with

a mobile application and offline processing

conditions.

(Figure 5) depicts the measurement chain split between the (online) data measurement and the (offline) postprocessing stages. To that end, the "Moto Logger" programme for Android and iOS smartphones has been fine-tuned for dependable on-bike data collection, with the raw data subsequently being downloaded to a computer via USB. The ensuing transforming, filtering, calculating, and event-filtering processes all take place in a persistent MATLAB environment. To facilitate the effective processing of datasets for various rides, the MATLAB environment is object-oriented in its programming.
Coordinate transformation, data filtration, roll angle estimates, and course angle calculations are all things the team has sorted out with the use of smartphone apps and other devices. After the procedures for measuring motorbike dynamics have been developed, they are checked for accuracy by contrasting the measurement chain of a smartphone with that of a high-precision inertial measurement unit (IMU). They have used a BMW R1200 GS Adventure motorcycle for validation and comparison of the measured values (figure 6). Two test tracks were used for data collection.
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Figure 6. Two-data-acquisition-system-equipped vehicle for testing
The data from the IMU and the Smartphones are compared for both tracks. After then, more research is conducted without the use of the IMU. From the data collection and simulations, there were slight variations with values due to the variation in GPS. They have specified the GPS error and factors affected with different smartphones in the research.

Over the last several years, there has been an increase in focus placed on smartphones as research tools. Now, for the very first time, a comprehensive measuring toolchain that uses smartphones has been built and verified in order to research driving lean angles on a wide scale. As a result, the lean angles of larger rider collectives will be able to be explored in the future with relative ease using a transportable measuring instrument with a cheap cost and using private bikes.
2. CONCLUSION
In this literature review of 3 motorcycle dynamics journals, the key aspect which is pointing out is the advancements in the fast-growing industrial environment. Recent technological breakthroughs in the motorcycle industry have paved the path for the creation of innovative control systems that may increase the motorcycles level of stability. Researchers are updating the old dynamics study with new inputs using the suggestions from the previous research studies. These journal studies often lead to better innovative ideas and new product developments. All these technological advancements in the dynamics of motorcycles are carried out for better rider ergonomics, safety aspects, performance outputs, and mainly comfort. As the future of motorcycles will be changed after 2035, the different era of motorcycles will emerge. For example, the electric motorcycle brand Damon Hypersport has the best rider 360 degree Copilot patented safety mechanism and switchable rider position ergonomics technology.
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