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• Overview 

• Field Testing in Vehicle Development  
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• Detailed Prototype Test Plan 

• Data Collection and Analysis 

• Case Study – ZalaZONE Test Track Elements 

• Practical Demonstration 

• Q & A 



Overview 

• Brief recap of previous lectures on vehicle design methodology. 

• Importance of structured testing in the development cycle. 

• Overview of today’s focus:  

• track tests, data analysis, and practical applications 

https://dewesoft.com/blog/list-of-automotive-proving-grounds ; 



Field Testing in Vehicle Development 

https://www.mdpi.com/1996-1073/14/1/171; https://www.racecar-engineering.com/articles/tech-explained-2022-f1-technical-regulations/ ; https://www.pmw-magazine.com/news/race-series-news/fia-reveals-details-of-2026-f1-regulations.html ; 
https://formula1technical.weebly.com/articles/2014-f1-car-fia-safety-equipment-testing ; https://ehfcv.com/hardware-in-loop-hil-simulation-formula-1-racecar/ 



Field Testing in Vehicle Development 

• The Synergy Between Theory and Practice  

• In vehicle design, the connection between theoretical models and practical outcomes 
from testing is integral. Theory provides the foundation for initial design, and testing 
validates or challenges these predictions. The results from testing allow engineers to 
continuously improve and refine the design. This feedback loop between theory and 
practice ensures that the final vehicle meets both the design goals and the real-world 
performance expectations. It is this iterative process that allows for the development of 
high-performance, safe, and reliable vehicles.  

• Feedback from Field Testing: Engineers collect feedback from consumers or fleet 
operators using the vehicle in real-world conditions. This feedback might highlight 
issues such as poor fuel economy, uncomfortable ride quality, or vehicle handling issues 
that were not fully anticipated in initial simulations. Adjustments are then made in the 
design to improve overall performance. 



Field Testing in Vehicle Development 

• High Costs 

• Expensive Track Time: Renting test tracks or using public 
roads incurs significant costs. 

• Operational Costs: Manufacture and maintaining test 
vehicles, equipment, and the test infrastructure adds to the 
expense. Measurement systems could increase costs heavily. 

• Uncontrollable Factors 

• Environmental Variability: Weather, road conditions, and 
traffic introduce unpredictability into testing. 

• External Distractions: External variables such as nearby 
vehicles, pedestrians, or wildlife can interfere with testing. 

• Changing Conditions 

• Dynamic Test Environments: Unlike controlled lab settings, 
the field environment changes constantly, impacting test 
consistency. 

• Real-World Complexity: Different surfaces, weather 
conditions, and real-world road irregularities make it hard to 
replicate tests precisely. 

Let's characterize field testing!

https://www.tiretechnologyinternational.com/news/testing-analysis/bridgestone-opens-wet-handling-track.html ;



Field Testing in Vehicle Development 

• Need for Comprehensive Data Recording 

• Documenting Every Factor: Detailed data collection is essential to account for external variables. 

• Test Report Importance: Clear, structured reporting ensures all variables are considered and helps in analyzing results accurately. 

• Data Collection and Efficiency 

• Real-Time Data Capture: Efficient data logging systems capture critical information, such as vehicle behavior, environmental data, and driver input. 

• Effectiveness and Time Management: Given the cost of track time, optimizing the testing procedure is vital to ensure maximum return on 
investment. 

• Coordination of Multiple Factors 

• Car, Track, Driver Coordination: Success requires precise synchronization between the vehicle, the test track, and the driver’s actions. 

• Test Team Coordination: From engineers to safety personnel, everyone must align for effective field testing. 

Let's characterize field testing!



Overview of Standard Vehicle Test Types  
• Acceleration Tests:  

• Setup, key performance indicators (KPIs) measured, and the importance for evaluating drivetrain efficiency. 

• Skid Pad Test:  

• Methodology, purpose (e.g., lateral grip and handling characteristics), and typical results interpretation. 

• Moose Test  

• Emergency maneuver testing and stability assessment. 

• Braking Tests: 

•  Including full-stop braking, braking distance measurements, and deceleration rate analysis. 

• Cornering Tests:  

• Vehicle behavior during high-speed cornering and steady-state cornering performance. 

• High-Speed Stability Tests:  

• Assess vehicle behavior at high speeds to ensure safety and control. 

• Noise, Vibration, and Harshness (NVH) Testing:  

• Evaluate the comfort level and the impact of vehicle noise and vibration. 

• Endurance Testing: 

• Simulate long-term vehicle use to detect potential failures and durability issues. 

• ADAS Test Cases: 



Overview of Standard Vehicle Test Types  

1. Acceleration Tests 

• Setup: Conducted in a controlled environment on a straight track. 

• Purpose: Evaluates drivetrain efficiency and power output. 

• KPIs Measured: 0-100 km/h time, quarter-mile time, acceleration rate. 

 

https://www.formulastudent.de/fileadmin/user_upload/all/2024/rules/FS-Rules_2024_v1.1.pdf ; https://www.formulastudent.de/about/disciplines/ ; 
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Overview of Standard Vehicle Test Types  

1. Acceleration Tests 

• Setup: Conducted in a controlled environment on a straight track. 

• Purpose: Evaluates drivetrain efficiency and power output. 

• KPIs Measured: 0-100 km/h time, quarter-mile time, acceleration rate. 

2. Skid Pad Test 

• Setup: Vehicle driven in a circular path at increasing speeds. 

• Purpose: Assesses lateral grip and handling characteristics. 

• Results Interpretation: Higher lateral G-forces indicate better cornering capability. 

3. Moose Test  

• Setup: Sudden obstacle avoidance maneuver. 

• Purpose: Tests vehicle stability and control during emergency maneuvers. 

• KPIs Measured: Stability, agility, and electronic stability control effectiveness. 

 

Regs

https://www.researchgate.net/figure/SO-3888-double-lane-change-maneuver-test-track-14_fig4_256422117 ; 

Double-lane-change maneuver test track ISO3888

Recommended: 
https://cdn.standards.iteh.ai/samples/57253/5e8cdcc7c2fe4c0c8fe
6f1de8beb5dba/ISO-3888-2-2011.pdf



Overview of Standard Vehicle Test Types  

1. Acceleration Tests 

• Setup: Conducted in a controlled environment on a straight track. 

• Purpose: Evaluates drivetrain efficiency and power output. 

• KPIs Measured: 0-100 km/h time, quarter-mile time, acceleration rate. 

2. Skid Pad Test 

• Setup: Vehicle driven in a circular path at increasing speeds. 

• Purpose: Assesses lateral grip and handling characteristics. 

• Results Interpretation: Higher lateral G-forces indicate better cornering capability. 

3. Moose Test  

• Setup: Sudden obstacle avoidance maneuver. 

• Purpose: Tests vehicle stability and control during emergency maneuvers. 

• KPIs Measured: Stability, agility, and electronic stability control effectiveness. 

4. Braking Tests 

• Setup: Full-stop braking scenarios and emergency braking. 

• Purpose: Assesses braking system performance and safety. 

• KPIs Measured: Braking distance, deceleration rate. 

 

https://www.formulastudent.de/about/disciplines/ ; https://www.natrax.in/braking-track/ ; 



Overview of Standard Vehicle Test Types  
5. Cornering Tests 

• Setup: High-speed and steady-state cornering exercises, ramp steer test. 

• Purpose: Examines vehicle behavior during different cornering scenarios. 

• KPIs Measured: Balance, tire grip, understeer/oversteer tendencies. 

6. High-Speed Stability Tests 

• Setup: Conducted on a high-speed track or highway simulation. 

• Purpose: Assesses vehicle control and stability at high speeds. 

• KPIs Measured: Safety, handling consistency. 

7. NVH Testing 

• Setup: Interior and exterior noise measurements during various conditions. 

• Purpose: Evaluates the comfort level and the impact of vehicle noise and vibration. 

• KPIs Measured: Noise levels, vibration frequencies, ride comfort. 

https://www.ramseyethetrackguy.com/2020/02/understeer-vs-oversteer-which-is-quicker.html ; https://avlzalazone.com/testing-and-track/pass-by-noise-track-nvh/ ; https://www.bitauto.com/global/news/100193380845.html ; 
https://www.researchgate.net/figure/UGV-x-y-trajectory-during-ramp-steer-maneuver-and-different-driving-speed-10-15-and-20_fig5_319043884 ; https://www.researchgate.net/figure/ehicle-trajectory-comparison-for-the-ramp-steer-input-at-a-speed-of-30-km-
h_fig5_271545759 ;



Overview of Standard Vehicle Test Types  

8. Endurance Testing 

• Setup: Long-term driving simulation under varied conditions. 

• Purpose: Detects potential failures and assesses vehicle durability. 

• KPIs Measured: Component reliability, wear and tear analysis. 

9. ADAS Test Cases 

• Setup: Simulations of real-world driving scenarios, including lane keeping and emergency braking. 

• Purpose: Verifies the effectiveness of ADAS. 

• KPIs Measured: System responsiveness, accuracy, and safety compliance. 

https://www.abdynamics.com/solutions/adas-testing/ ; 



Overview of Standard Vehicle Test Types  

8. Endurance Testing – offer example 

• Setup: Long-term driving simulation under varied conditions. 

• Purpose: Detects potential failures and assesses vehicle durability. 

• KPIs Measured: Component reliability, wear and tear analysis. 

https://www.segulatechnologies.com/en/endurance-test/ ;



Detailed Prototype 
Test Plan 

• Present the specific test plan written for 
the prototype race car: 

• Objectives and key metrics to be 
collected. 

• Breakdown of the tests planned 
(acceleration, handling, braking). 

• Procedures for conducting each 
test, including safety protocols. 

• Highlights of importance of iteration based 
on test findings. 



Detailed Prototype Test Plan 
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Detailed Prototype Test Plan 



Data Collection and Analysis 

• Review techniques for gathering and analyzing data from vehicle tests. 

• Demonstration how to use data from ramp steer test to refine vehicle dynamics. 

• Impact of real-world data on simulation models and subsequent design modifications. 



Data Collection and Analysis 

• Review techniques for gathering and analyzing data from vehicle tests. 

• Data Gathering: 

• Sensors: GPS, accelerometers, wheel speed, pressure sensors 

• OBD Systems: Engine, transmission, and diagnostics data 

• Telematics: Remote data collection during testing  

• Data Analysis: 

• Pre-processing: Noise reduction, smoothing, interpolation 

• Statistical Analysis: Regression, correlation 

• Vehicle Models: Simulate dynamics, estimate forces (e.g., two-track model) 

• Visualization: Graphs and charts (e.g., Slip angle vs Lateral force) 

• Summary 

• Data Collection: Real-time, accurate vehicle performance data 

• Analysis: Statistical methods & simulations for deeper insights 

• Visualization: Clear insights into vehicle behavior 



Data Collection and Analysis 



Case Study – ZalaZONE Test Track Elements 

• Overview of ZalaZONE and its unique test environments: 

• Dynamic platform: uses and data insights. 

• High-speed oval: benefits for testing top speed and endurance. 

• Various road surfaces for simulating diverse driving conditions. 

• Autonomous testing zone for ADAS and self-driving features. 

• ZalaZONE’s facilities with specific test cases relevant to prototype development. 



Case Study – ZalaZONE Test Track Elements 
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Case Study – ZalaZONE Test Track Elements 



Practical Demonstration 

• Showcase recorded data from prototype’s previous test runs. 

• Acceleration curves, lateral force graphs, etc. 

• Identify potential design changes based on the data! 



Q & A 

• Main objective? 

• Starting point-ending point? 

• Complex parts? 

• Less relevant part(s), could be omitted part(s)? 

• Most useful part(s)? 



Closing 

• Bibliography 
• See bottom of slides 
• Tervezéselmélet és módszertan (BMEGEGE MGTM) Előadások Dr. Horák Péter BME GT3 Tanszék 2010 
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