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Abstract: Flight and ground testing refers to a crucial phase in the development and assessment of various
vehicles, systems, or technologies. It involves subjecting these entities to real-world conditions and
controlled environments to evaluate their performance, functionality, safety, and other relevant attributes.
Flight Testing: Flight testing typically involves taking aerial vehicles, such as airplanes, helicopters,
drones, and spacecraft, into the air to gather data about their behaviour, capabilities, and limitations.
Flight tests can assess parameters like endurance, manoeuvrability, stability, control, speed, altitude
performance, and more. Engineers and researchers monitor the vehicle's response to different flight
conditions, evaluate the accuracy of its navigation systems, and ensure that it meets safety standards.
Ground Testing: Ground testing focuses on evaluating vehicles and systems in controlled environments on
the ground. This can involve stationary or moving vehicles, like cars, trucks, autonomous vehicles, or
robotics. Ground tests are designed to assess factors like engine performance, structural integrity, braking
capabilities, sensor accuracy, and more. For example, automobile manufacturers conduct crash tests to
determine how a vehicle's structure behaves under impact, ensuring passenger safety. Flight and ground
testing hold immense significance in research and development across various industries, particularly
aviation, aerospace, automotive, and robotics. These testing methodologies play a critical role in
advancing technology, ensuring safety, and improving the overall performance of vehicles and systems.
Here are some key reasons why flight and ground testing research is significant: Validation of Design
Concepts.: Flight and ground testing provide real-world validation of theoretical design concepts and
simulations. This helps identify discrepancies between expected and actual performance, leading to
refined and optimized designs. Safety Assurance: Testing ensures that vehicles and systems operate safely
in various conditions. By identifying potential issues or weaknesses, researchers can address safety
concerns before deploying products to the market or operational environments. Unmanned Aerial Vehicle
(UAV) endurance testing, Commercial airliner engine performance testing, Electric vertical takeoff and
landing (eVTOL) prototype flight testing, Military fighter jet manoeuvrability testing and Autonomous
ground vehicle navigation testing. Endurance (hours), Thrust-to-Weight Ratio, Vertical Takeoff and
Landing (VTOL) Efficiency, Manoeuvrability Score and Navigation Accuracy (cm). the Ranking of Flight
and Ground Testing. Commercial airliner engine performance testing is got the first rank whereas is the
Electric vertical takeoff and landing (eVTOL) prototype flight testing is having the Lowest rank.

Keywords: MCDM, Unmanned Aerial Vehicle (UAV) endurance testing, Commercial airliner engine
performance testing, Electric vertical takeoff and landing (eVTOL) prototype flight testing and Military
fighter jet manoeuvrability testing.

1. INTRODUCTION

Flight testing is a comprehensive process used to evaluate the performance, safety, and functionality of aircraft,
spacecraft, drones, and other airborne systems. It involves taking the vehicle into the air to gather data on various
aspects of its behaviour and capabilities. Flight testing is a critical phase in the development, certification, and
improvement of aviation and aerospace technologies., Performance Evaluation: Flight tests assess parameters
such as maximum speed, climb rate, ceiling altitude, and range. These evaluations help determine how well the
vehicle performs under different flight conditions. Manoeuvrability and Handling Qualities: Test pilots and
engineers analyse how the vehicle responds to different control inputs and flight manoeuvres [1]. This information
helps optimize the vehicle's handling characteristics. Stability and Control: Flight testing assesses the stability and
controllability of the vehicle. Engineers study factors like pitch, roll, and yaw stability to ensure safe and
predictable flight behaviour. Structural Integrity: Flight tests monitor the vehicle's structural responses to various
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forces, such as turbulence, high-G manoecuvres, and landing impacts. This data ensures that the structure can
withstand operational stresses. Systems and Avionics: Flight testing evaluates onboard systems, avionics, and
instrumentation [2]. This includes testing navigation, communication, and other electronic systems for accuracy
and reliability. Aerodynamics: Flight tests help validate aecrodynamic models and predictions. By measuring lift,
drag, and other aerodynamic forces, engineers can refine design parameters. Environmental Conditions: Flight
testing exposes the vehicle to different weather conditions, altitudes, and temperatures, ensuring it can perform
reliably under diverse scenarios. Safety and Emergency Procedures: Flight tests include assessments of emergency
procedures, such as engine failure and recovery, to ensure the safety of the crew and vehicle. Certification: Flight
testing is a critical step in obtaining regulatory approvals and certifications from aviation authorities. It
demonstrates that the vehicle meets safety and performance requirements [3]. Flight testing is conducted by
experienced test pilots, flight engineers, and aerospace professionals. Data collected during flight tests, including
sensor readings, instrument readings, and video recordings, is thoroughly analysed to make informed decisions
about design modifications and improvements. Ground testing involves assessing the performance, functionality,
safety, and durability of various vehicles, systems, or technologies in controlled environments on the ground.
Unlike flight testing, which focuses on airborne vehicles, ground testing takes place without the vehicle being in
motion [4]. This testing phase is essential to ensure that vehicles and systems meet design specifications,
regulatory standards, and user expectations before they are deployed or operated. Functional Testing: Ground tests
verify that the vehicle's systems, components, and features operate as intended. This includes testing engines,
electronics, communication systems, sensors, and more. Structural Integrity: Engineers assess the vehicle's
structure to ensure it can withstand operational stresses, loads, and impacts [5]. This can involve static testing
(applying loads while the vehicle is stationary) and dynamic testing (simulating forces during movement).
Environmental Simulation: Ground tests can recreate various environmental conditions, such as extreme
temperatures, humidity, vibration, and exposure to harsh chemicals. This helps assess the vehicle's performance
under different scenarios. Durability and Reliability: Ground testing helps identify potential weak points or areas
of wear and tear. Durability tests involve subjecting the vehicle to repeated stress to assess its longevity, while
reliability tests ensure consistent and dependable performance [6]. Safety Testing: Ground tests evaluate safety
features and emergency procedures. This includes crash tests, airbag deployment tests, and simulations of
emergency situations to ensure passenger and operator safety. Braking and Handling: Ground testing assesses
braking performance, suspension systems, and handling characteristics. This is especially important for vehicles
like cars, trucks, and off-road vehicles [7]. Noise and Vibration: Engineers measure noise levels and vibration
characteristics to ensure comfort for passengers, operators, and nearby residents. This is relevant for vehicles
operating near populated areas. Control Systems: Ground tests verify the effectiveness of control systems, such
as steering mechanisms, braking systems, and autonomous driving technologies. Regulatory Compliance: Ground
testing is often required to meet regulatory standards before vehicles or systems are approved for public use.
Compliance with safety, emissions, and performance regulations is crucial. Prototype Development: Ground
testing is integral to the development of prototypes, allowing engineers to refine designs and identify areas for
improvement before mass production [8]. American Spacecraft: Operational engineering (OE) tasks and
technology aim to demonstrate the capabilities of an American spacecraft. The objective is to verify the hardware's
functionality, as well as its software-equipped capabilities. A couple was aboard the spacecraft, which carried a
satellite into orbit, allowing the potential for servicing missions. During the OE task, a range of functions were
performed autonomously, with some operations being carried out by the space shuttle. These tasks included
spacecraft docking, the free-flying of the shuttle, capturing payloads, transferring fluids, and exchanging orbital
replacement units (ORUs). One crucial aspect of the testing involved key technologies related to navigation,
particularly sensors [9]. An Automatic Rendezvous and Capture Sensor System (ARCSS) with advanced sensors
for automatic rendezvous and capture was developed by Boeing. Three different versions, featuring video and
laser range finder capabilities, were crafted. The primary sponsor for OE work was the Défense Advanced
Research Projects Agency (DARPA), providing funding. Boeing and NASA were also financial contributors. The
NASA Marshall Space Flight Centre (MSFC) provided aircraft software, ground testing, and hardware and
firmware support for the ARCSS. Moreover, MSFC conducted open-loop testing of flight robotics in the lab, as
well as a comprehensive analysis of the navigation sensor system during mission flights [10]. The AVGS system
serves the purpose of performing tasks in the vicinity of the spacecraft. Integrated with the ARCSS system, AVGS
imparts knowledge to ASTRO, contributing to the guidance, navigation, and control (GN&C) system. AVGS
incorporates both video and laser components, including corner cubes, a frame grabber, and processing software.
These components work together to determine the relative positions between vehicles. AVGS uses a combination
of small corner cubes for short-range target (SRT) measurements and larger corner cubes for long-range target
(LRT) measurements, located on next Sat [11]. The corner cubes are strategically positioned on the spacecraft to
enable reflections. Lasers with different wavelengths are fired at the corner-cube reflectors on next Sat. One laser
wavelength is blocked by a filter in the corner-cubes, while the other wavelength passes through the filter and is
reflected back to the sensor. AVGS captures an image during this process, allowing it to distinguish corner-cube
reflections from the background. An algorithm utilizing reverse perspective is employed to determine the range,
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azimuth, elevation, and attitude between AVGS and its targets on NEXT Sat. Once the cousin's position and
approach data are calculated, this information, along with sensor data, is transmitted to the navigation system for
analysis [12]. AVGS continuously monitors sensor position, home information, and maintenance data including
sensor temperatures, voltages, and laser output forces. The thesis's main goal is to impartially assess the
development of Chinese spacecraft over the past decade. It focuses on evaluating aspects like design,
environmental impact, components, software, functionality, operations, and management, among seven distinct
categories. The central objective is to delve into methods that comprehensively analyse reasons behind failures
and their implications [13]. Unlike traditional approaches, this study employs a distinct classification method to
pinpoint failure causes more precisely. By identifying these failure reasons, the research proposes specific
enhancements related to design, engineering, and functionality, aiming to address fundamental failure factors. The
provided data on failures covers the entirety of the spacecraft's lifecycle, encompassing ground-based Assembly,
Integration, and Testing (AIT) activities, as well as subsystems, units, and vehicle acceptance testing. Additionally,
the paper highlights the coordination involved in assembly and emphasizes the spacecraft's complete development
process. Innovating to enhance efficiency and design novel vehicles, aircraft engineers are seeking innovative
approaches to overcome conventional constraints [14]. The aim is to transcend limitations typically associated
with traditional aircraft design. The challenges encompass issues rooted in rigid body mechanics and structural
interactions. Addressing these concerns is imperative due to potential ramifications for flight quality. A prime
example of this is the phenomenon known as Buffet-Induced Freedom Flutter (BFF), which has been observed
for decades [15]. This unsettling event primarily occurs in aircraft with tails of relatively small size compared to
wings, or those with higher ratios of wings to fuselage. BFF can lead to detrimental differential oscillations and
even plane crashes when left unchecked. Historically, solutions to mitigate BFF predominantly involved making
compromises in various facets of aircraft design. These attempts often incurred additional costs or modifications
to configurations within the flight envelope. However, a promising alternative solution has emerged active
suppression of BFF [16]. This method, which involves creating an appropriate dynamic model and control system
for the vehicle, offers the potential to mitigate flutter-related constraints and facilitate smoother flight. This article
explores the integration of flight and aeroelastic control through the Integrated Product Team (IPT) approach, as
well as the dynamics model utilized within the IFAC (International Federation of Automatic Control) framework.
The study presents how the IFAC and IPT jointly developed and validated a dynamic model through ground and
air experiments [17].

2. MATERIALS AND METHOD

2.1. Unmanned Aerial Vehicle (UAV) endurance testing: Unmanned Aerial Vehicle (UAV) endurance testing is
a crucial process in evaluating the operational capabilities and limitations of a drone's flight duration, battery life,
and overall performance. Endurance testing helps manufacturers, researchers, and operators understand how long
a UAV can fly on a single battery charge and how external factors might influence its flight time. Define the
specific goals of the endurance testing, such as determining the maximum flight time under various conditions,
evaluating the impact of payload weight on endurance, and assessing the effect of weather and environmental
factors.

2.2. Commercial airliner engine performance testing: Commercial airliner engine performance testing is a
critical process that ensures the safe, reliable, and efficient operation of aircraft engines used in commercial
aviation. These tests help manufacturers, airlines, and aviation authorities validate the engine's design, efficiency,
thrust output, fuel consumption, emissions, and overall performance under various operating conditions. Here are
the key aspects and steps involved in commercial airliner engine performance testing: A specialized test cell, often
referred to as a "engine test stand" or "engine test rig," is used to simulate actual flight conditions while the engine
remains stationary. The test cell is equipped with advanced instrumentation and safety systems to monitor and
control the engine during testing.

2.3. Electric vertical takeoff and landing (eVTOL) prototype flight testing: Electric Vertical Takeoff and Landing
(eVTOL) prototype flight testing is a critical phase in the development of electric aircraft designed for vertical
takeoff and landing capabilities. These aircraft, often referred to as air taxis or urban air mobility vehicles, have
the potential to revolutionize urban transportation by offering efficient and environmentally friendly modes of
travel. Here's an overview of the key aspects and steps involved in eVTOL prototype flight testing: Design and
build a functional prototype of the eVTOL aircraft. This prototype incorporates the electric propulsion system,
vertical lift mechanisms (such as rotors or ducted fans), flight control systems, avionics, and other critical
components.

2.4. Military fighter jet maneuverability testing: Military fighter jet maneuverability testing is a crucial process
that evaluates the performance and agility of fighter aircraft in various flight regimes and combat scenarios. This
testing ensures that fighter jets can effectively maneuver in the air, evade threats, engage targets, and perform a
wide range of aerial maneuvers essential for air superiority and combat missions. Here's an overview of the key
aspects and steps involved in fighter jet maneuverability testing: Choose a representative fighter jet model for
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testing, typically a prototype or an early production version. This aircraft should closely resemble the final design
and incorporate the intended aerodynamic features and propulsion systems.

2.5. Autonomous ground vehicle navigation testing: Autonomous ground vehicle navigation testing is a critical
process that assesses the capability of self-driving vehicles to navigate safely and efficiently in various
environments without human intervention. These tests are essential for developing and validating the technology
used in autonomous cars, trucks, and other ground-based vehicles. Here's an overview of the key aspects and steps
involved in autonomous ground vehicle navigation testing: Choose a representative autonomous vehicle equipped
with sensors, cameras, lidar, radar, GPS, and other necessary hardware for perception, localization, and control.
2.6. Endurance (hours): 1t seems like you've mentioned "Endurance (hours)" without providing additional
context. Could you please provide more information or clarify your question? "Endurance (hours)" could refer to
the duration of time that a system, vehicle, or device can operate before running out of power, fuel, or resources.
This term is commonly used in various contexts, such as in unmanned aerial vehicles (UAVs), vehicles, batteries,
and other applications. Please provide more details so that I can assist you accurately.

2.7. Thrust-to-Weight Ratio: The thrust-to-weight ratio (TWR) is a critical performance metric used in aviation
and other fields involving propulsion systems. It's a ratio that compares the amount of thrust generated by an
engine or propulsion system to the weight of the vehicle it's propelling. The thrust-to-weight ratio is often
expressed as a numerical value and is commonly used to assess the capability of aircraft, rockets, and other
vehicles to achieve desired levels of performance.

2.8. Vertical Takeoff and Landing (VTOL) Efficiency: Vertical Takeoff and Landing (VTOL) efficiency refers to
the effectiveness and performance of an aircraft's ability to take off and land vertically, without the need for a
runway or a long takeoff roll. VTOL efficiency is an essential consideration for aircraft that are designed to operate
in confined spaces, urban environments, or locations with limited infrastructure. It involves optimizing various
factors to ensure that the aircraft can achieve vertical takeoff and landing while maximizing fuel efficiency,
payload capacity, and overall performance.

2.9. Manoeuvrability Score: A manoeuvrability score is a quantitative or qualitative measure used to assess the
agility, responsiveness, and overall manoeuvring capability of vehicles, aircraft, or other objects. This score is
often used to compare different vehicles' ability to perform specific manoeuvres or navigate through complex
environments. The manoeuvrability score takes into account factors such as turning radius, roll rates, pitch rates,
yaw rates, acceleration, and the vehicle's ability to respond to control inputs.

2.10. Navigation Accuracy (cm): Navigation accuracy refers to the precision with which a system, device, or
vehicle can determine its location or position in a given space. It is typically measured in units of distance, such
as centimetres (cm) or meters (m). Navigation accuracy is a crucial parameter in various applications, including
aviation, maritime navigation, autonomous vehicles, robotics, surveying, and more. The accuracy of navigation
systems is essential for ensuring safety, efficiency, and reliability in operations.

2.11. Method: COPRAS (Complex Proportionality Assessment) is one of the most used Multi-Criteria Decision
Making (MCTM) methods, and the ratio of the best solution Determining the solution with the best rate in the set
of possible alternatives by Provides a better alternative Bad Solution This technique has Decision making
problems Various to solve used by researchers [18]. The COPRAS-G method requires identifying selection
criteria, evaluating information related to these criteria, and developing methods to evaluate Meeting the
participant's needs Criteria for doing in order to assess the overall performance of the surrogate. Decision analysis
involves a Decision Maker (DM) Situation to do consider a particular set of alternatives and select one among
several alternatives, usually with conflicting criteria. For this reason, the developed complexity proportionality
assessment (COPRAS) method can be used [19]. In 1996 in Lithuania COPRAS (Complex Proportion evaluation)
method was developed. construction, economics, real estate and management. One of the articles assesses the
risks involved in construction projects. The assessment is based on various multi-objective assessment methods.
The risk assessment indices are selected considering the interests, objectives and factors of the countries that
influence the construction efficiency and real estate price increase [20] to describe and consider the task model.
Complex Proportionality Assessment (COPRAS) Method Similar to any Many other criteria will make the
decision (MCDM) tool, first Proposed COBRAS method of several related criteria Basically for alternatives Used
to prioritize criterion weights. This method is better and Worst-Best Solutions Best decision considering Selecting
alternatives [21]. Cobras approach is used for device tool choice; Because of this the triangle Ambiguous numbers
are selected their computational performance. Three area specialists are selected to assign weights and by way of
combining the fuzzy cobra’s method, System 1 (MC1) and device 2(MC2) similarly are ranked, with way of ma
chine three and four. -based totally approach is utilized in mixture with fuzzy. COPRAS assesses the complexity
of consumer dating management (CRM) performance. A combined choice matrix is obtained from a panel of 20
specialists offered 3 options with set, and 5 criteria Assessment are done [22]. COPRAS to resolve MCDM issues,
wherein the weights of the criteria and Performance ratings of alternatives are absolute Based on linguistic terms
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are calculated. Comparison of criteria Importance calculated and Cobras method become used to assess renovation
strategies [23]. This has a look at ambitions to develop the impact of latest overall performance metrics in TPM
and COPRAS in an ambiguous context Primarily multi-criteria selection based on opinions Use the do method.
Looseness of paper is prepared as follows. Section 1 disturbance and Literature review describes. Section 2
Literature Evaluation and Cobras-G Approach Introducing the basics in sections three and four, Cobras G and the
application of the proposed Cobras method [24]. Complex proportional estimation approach with gray c language
Numbers (COPRAS-G) approach. Cobras- G's idea approach is based on standards values expressed in durations,
actual decision-making conditions, and programs of Gray Systems Theory. Diploma [25]. COPRAS method
changed into the most relevant social media platform Rank and choose is used. Proposed Applicability of the
structure We proved and proved the character [26]. COPRAS (Complex Proportionality Assessment) To examine
Cumulative of an alternative Performance, it is essentially become aware of the maximum vital criteria, examine
the options and compare the facts Depending on those criteria to fulfil the wishes of the DMs to compare grades
evaluation involves a situation in which a DM must pick amongst several downloaded alternatives given a selected
set of commonly conflicting standards. For this motive, the developed complex proportionality evaluation
(COPRAS) method can be used in real situations, alternatives The criteria for assessment are vague is related to
the factor, And the values of the standards are real Cannot be expressed with numbers [27].

3. RESULTS AND DISCUSSION

TABLE 1. Flight and Ground Testing

Thrust-to- | Vertical Take-off Navigation
Enduranc | Weight and Landing Manoeuvrability | Accuracy
e (hours) Ratio (VTOL) Efficiency | Score (cm)
Unmanned Aerial Vehicle
(UAV) endurance testing 31.08 139.53 29.15 22.05 66.00
Commercial airliner engine
performance testing 29.12 142.97 33.69 27.30 6.00
Electric vertical takeoff and
landing (eVTOL) prototype
flight testing 24.08 122.58 29.18 23.10 66.00
Military fighter jet
maneuverability testing 23.17 128.28 24.60 17.59 34.00
Autonomous ground vehicle
navigation testing 33.33 186.41 27.96 18.89 45.00

Table 1 shows the Flight and Ground Testing for COPRAS Method Endurance (hours) in Autonomous ground
vehicle navigation testing (33.33 hours) is showing the highest value and Electric vertical takeoff and landing
(eVTOL) prototype flight testing (24.08 hours) is showing the lowest value. Thrust-to-Weight Ratio in
Autonomous ground vehicle navigation testing (186.41) is showing the highest value and Electric vertical takeoff
and landing (eVTOL) prototype flight testing (122.58) is showing the lowest value. Vertical Takeoff and Landing
(VTOL) Efficiency in Commercial airliner engine performance testing (33.69) is showing the highest value and
Military fighter jet maneuverability testing (24.60) is showing the lowest value. Maneuverability Score in
Commercial airliner engine performance testing (27.30) is showing the highest value and Military fighter jet
maneuverability testing (17.59) is showing the lowest value. Navigation Accuracy (cm) in Autonomous ground
vehicle navigation testing (45.00 cm) is showing the highest value and Commercial airliner engine performance
testing (6.00 cm) is showing the lowest value.
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FIGURE 1. Flight and Ground Testing

Figure 1 shows the Flight and Ground Testing for COPRAS Method Endurance (hours) in Autonomous ground
vehicle navigation testing (33.33 hours) is showing the highest value and Electric vertical takeoff and landing
(eVTOL) prototype flight testing (24.08 hours) is showing the lowest value. Thrust-to-Weight Ratio in
Autonomous ground vehicle navigation testing (186.41) is showing the highest value and Electric vertical takeoff
and landing (eVTOL) prototype flight testing (122.58) is showing the lowest value. Vertical Takeoff and Landing
(VTOL) Efficiency in Commercial airliner engine performance testing (33.69) is showing the highest value and
Military fighter jet maneuverability testing (24.60) is showing the lowest value. Maneuverability Score in
Commercial airliner engine performance testing (27.30) is showing the highest value and Military fighter jet
maneuverability testing (17.59) is showing the lowest value. Navigation Accuracy (cm) in Autonomous ground
vehicle navigation testing (45.00 cm) is showing the highest value and Commercial airliner engine performance

testing (6.00 cm) is showing the lowest value.

TABLE 2. Normalized Data

Thrust-to- | Vertical Take-off Navigation
Endurance | Weight and Landing Manoeuvrability | Accuracy
(hours) Ratio (VTOL) Efficiency Score (cm)
Unmanned Aerial VVehicle
(UAV) endurance testing 0.22 0.19 0.20 0.20 0.30
Commercial airliner engine
performance testing 0.21 0.20 0.23 0.25 0.03
Electric vertical take-off and
landing (eVTOL) prototype
flight testing 0.17 0.17 0.20 0.21 0.30
Military fighter jet
manoeuvrability testing 0.16 0.18 0.17 0.16 0.16
Autonomous ground vehicle
navigation testing 0.24 0.26 0.19 0.17 0.21

Table 2 shows the Normalized Data for Flight and Ground Testing in Unmanned Aerial Vehicle (UAV) endurance
testing, Commercial airliner engine performance testing, Electric vertical takeoff and landing (eVTOL) prototype
flight testing, Military fighter jet maneuverability testing and Autonomous ground vehicle navigation testing.
Endurance (hours), Thrust-to-Weight Ratio, Vertical Takeoff and Landing (VTOL) Efficiency, Maneuverability

Score and Navigation Accuracy (cm) it is also Normalized value.
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Figure 2 shows the Normalized Data for Flight and Ground Testing in Unmanned Aerial Vehicle (UAV) endurance
testing, Commercial airliner engine performance testing, Electric vertical takeoff and landing (eVTOL) prototype
flight testing, Military fighter jet maneuverability testing and Autonomous ground vehicle navigation testing.
Endurance (hours), Thrust-to-Weight Ratio, Vertical Takeoff and Landing (VTOL) Efficiency, Maneuverability
Score and Navigation Accuracy (cm) it is also Normalized value.

TABLE 3. Weightages
Weightages
0.25 1 0.25 | 0.25 | 0.25 | 0.25
0.25 | 0.25 | 0.25 | 0.25 | 0.25
0.25 | 0.25 | 0.25 | 0.25 | 0.25
0.25 | 0.25 | 0.25 | 0.25 | 0.25
0.25 1 0.25 | 0.25 | 0.25 | 0.25

Table 3 shows Weightages used for the analysis. We taken same weights for all the parameters for the analysis

TABLE 4. Weighted normalized decision matrix

Weighted normalized decision matrix

0.06 | 0.05 | 0.05 | 0.05 | 0.08
0.05 | 0.05 | 0.06 | 0.06 | 0.01
0.04 | 0.04 | 0.05 | 0.05 | 0.08
0.04 | 0.04 | 0.04 | 0.04 | 0.04
0.06 | 0.06 | 0.05 | 0.04 | 0.05

Table 4 shows the weighted normalized decision matrix for Flight and Ground Testing in Unmanned Aerial Vehicle
(UAV) endurance testing, Commercial airliner engine performance testing, Electric vertical takeoff and landing
(eVTOL) prototype flight testing, Military fighter jet maneuverability testing and Autonomous ground vehicle
navigation testing. Endurance (hours), Thrust-to-Weight Ratio, Vertical Takeoff and Landing (VTOL) Efficiency,
Maneuverability Score and Navigation Accuracy (cm) it is also weighted normalized decision matrix value.
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FIGURE 3. Weighted Normalized Decision Matrix

Figure 3 shows the weighted normalized decision matrix for Flight and Ground Testing in Unmanned Aerial Vehicle
(UAV) endurance testing, Commercial airliner engine performance testing, Electric vertical takeoff and landing
(eVTOL) prototype flight testing, Military fighter jet maneuverability testing and Autonomous ground vehicle
navigation testing. Endurance (hours), Thrust-to-Weight Ratio, Vertical Takeoff and Landing (VTOL) Efficiency,
Maneuverability Score and Navigation Accuracy (cm) it is also weighted normalized decision matrix value.

TABLE 5. Flight and Ground Testing Bi, Ci, Min(Ci)/Ci

Bi Ci Min(Ci)/Ci
Unmanned Aerial Vehicle
(UAV) endurance testing 0.154 0.127 0.5493
Commercial airliner engine
performance testing 0.160 0.070 1.0000
Electric vertical takeoff and
landing (eVTOL) prototype
flight testing 0.136 0.129 0.5391
Military fighter jet
maneuverability testing 0.128 0.080 0.8746
Autonomous ground vehicle
navigation testing 0.172 0.095 0.7308
min(Ci)*sum(Ci) 0.0348 3.6938

Table 5 shows Flight and Ground Testing Bi, Ci, Min(Ci)/Ci in Unmanned Aerial Vehicle (UAV) endurance testing,
Commercial airliner engine performance testing, Electric vertical takeoff and landing (eVTOL) prototype flight
testing, Military fighter jet maneuverability testing and Autonomous ground vehicle navigation testing. Endurance
(hours), Thrust-to-Weight Ratio, Vertical Takeoff and Landing (VTOL) Efficiency, Maneuverability Score and
Navigation Accuracy (cm) it is sum of minimum value.

TABLE 6. Final Result of Flight and Ground Testing

Qi Ui Rank
Unmanned Aerial Vehicle (UAV) endurance testing 0.228 77% | 4
Commercial airliner engine performance testing 0.295 100% | 1
Electric vertical takeoff and landing (eVTOL)
prototype flight testing 0.209 71% | 5
Military fighter jet maneuverability testing 0.247 84% | 3
Autonomous ground vehicle navigation testing 0.271 92% | 2

Table 6 shows the final result of COPRAS for Flight and Ground Testing. Qi in Commercial airliner engine performance
testing is having is Higher Value and Electric vertical takeoff and landing (eVTOL) prototype flight testing is having
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Lower value. Ui in Commercial airliner engine performance testing is having is Higher Value and Electric vertical takeoff
and landing (eVTOL) prototype flight testing is having Lower value.

Flight and Ground Testing
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FIGURE 4. Flight and Ground Testing Qi, Ui

Figure 4 shows the final result of COPRAS for Flight and Ground Testing. Qi in Commercial airliner engine performance
testing is having is Higher Value and Electric vertical takeoff and landing (eVTOL) prototype flight testing is having
Lower value. Ui in Commercial airliner engine performance testing is having is Higher Value and Electric vertical takeoff
and landing (eVTOL) prototype flight testing is having Lower value.
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Figure 5 Shows the Ranking of Flight and Ground Testing. Commercial airliner engine performance testing is got the
first rank whereas is the Electric vertical takeoff and landing (eVTOL) prototype flight testing is having the Lowest rank.

4. CONCLUSION

Flight testing is a comprehensive process used to evaluate the performance, safety, and functionality of aircraft,
spacecraft, drones, and other airborne systems. It involves taking the vehicle into the air to gather data on various
aspects of its behaviour and capabilities. Flight testing is a critical phase in the development, certification, and
improvement of aviation and aerospace technologies., Performance Evaluation: Flight tests assess parameters
such as maximum speed, climb rate, ceiling altitude, and range. These evaluations help determine how well the
vehicle performs under different flight conditions. Manoeuvrability and Handling Qualities: Test pilots and
engineers analyse how the vehicle responds to different control inputs and flight manoeuvres [1]. This information
helps optimize the vehicle's handling characteristics. Stability and Control: Flight testing assesses the stability and
controllability of the vehicle. Engineers study factors like pitch, roll, and yaw stability to ensure safe and
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predictable flight behaviour. Structural Integrity: Flight tests monitor the vehicle's structural responses to various
forces, such as turbulence, high-G manoeuvres, and landing impacts. This data ensures that the structure can
withstand operational stresses. Systems and Avionics: Flight testing evaluates onboard systems, avionics, and
instrumentation. Commercial airliner engine performance testing is a critical process that ensures the safe, reliable,
and efficient operation of aircraft engines used in commercial aviation. These tests help manufacturers, airlines,
and aviation authorities validate the engine's design, efficiency, thrust output, fuel consumption, emissions, and
overall performance under various operating conditions. Here are the key aspects and steps involved in
commercial airliner engine performance testing: A specialized test cell, often referred to as a "engine test stand"
or "engine test rig," is used to simulate actual flight conditions while the engine remains stationary. The test cell
is equipped with advanced instrumentation and safety systems to monitor and control the engine during testing.
The thrust-to-weight ratio (TWR) is a critical performance metric used in aviation and other fields involving
propulsion systems. It's a ratio that compares the amount of thrust generated by an engine or propulsion system to
the weight of the vehicle it's propelling. The thrust-to-weight ratio is often expressed as a numerical value and is
commonly used to assess the capability of aircraft, rockets, and other vehicles to achieve desired levels of
performance. the Ranking of Flight and Ground Testing. Commercial airliner engine performance testing is got
the first rank whereas is the Electric vertical takeoff and landing (eVTOL) prototype flight testing is having the
Lowest rank.
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