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Current Method and Tradeoff
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Source: Caltrans (2014)

Source: Fugro Roadware, 2015
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Presentation Notes
Existing methods are difficult to scale beyond 10% of our roadways. We have 4.1 million miles of roads (all types) in the U.S.

http://www.fhwa.dot.gov/publications/research/infrastructure/pavements/concrete/06133/004.cfm
http://rivcocob.org/agenda/2014/12_02_14_files/03-18.pdf
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The Connected Vehicle Opportunity

Source: The USDOT (2015)

Can we use Connected Vehicles to characterize ride quality?
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Presentation Notes
Connected vehicles, automated vehicles, autonomous vehicles are emerging. The main research question is “Can we use CVs to characterize ride quality?”

https://www.transportation.gov/fastlane/connected-vehicle-pilots-coming-region-near-you
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What is Ride Quality?
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What is ride quality?
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The Connected Vehicle Approach

(
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Presentation Notes
This is the high level architecture of the connected vehicle approach. Vehicles transmit their accelerometer and GPS data to cloud platforms that analyze it for visual display and decision-support.
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Review of the International Roughness Index (IRI)

The Golden Car Parameters
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The IRl assumes that the Golden Car models the typical vehicle response.
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Presentation Notes
The IRI procedure relies on a fixed quarter-car model (the Golden Car), and a precise traversal speed (i.e. zero variations). The IRI assumes that the Golden Car adequately represents the typical vehicle response.
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The IRl Wavelength Sensitivity
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The IRI Transfer Function
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Frequency (hertz)
The Golden Car accentuates roughness with spatial wavelengths of 2 m and 18 m.
Profile wavelengths translate to different frequencies at different speeds.

The actual transfer function of a real vehicle differs from the Golden Car.
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Presentation Notes
The IRI transfer function is sensitive to specific spatial wavelengths at the fixed traversal speed. Real vehicles are sensitive to other wavelengths when they travel at speeds different from 80 km/h. The transfer function of real vehicles differ from the Golden Car, albeit not substantially (the CV method leverages this fact for rapid convergence).


How does the RIF Transform work?

Time Latitude Longitude Speed Pitch Roll Yaw Gx Gy Gz
1866.466 30.445584 -97.594473 19.30 80.82 33.46 -75.81 0.152 -1.005 -0.137
1870.249 30.445584 -97.594473 19.30 80.82 33.46 -75.81 0.087 -0.919 -0.104
1875.429 30.445584 -97.594473 19.30 80.82 33.46 -75.81 0.028 -0.855 -0.143
1889.969 30.445416 -97.594427 19.33 80.87 33.38 -75.78 -0.009 -1.146 -0.182
1898.306 30.445416 -97.594427 19.33 80.96 34.01 -76.39 0.031 -0.948 -0.042
1902.281 30.445416 -97.594427 19.33 80.96 34.01 -76.39 0.190 -1.058 -0.093
1909.142 30.445416 -97.594427 19.33 80.88 34.01 -76.35 0.222  -1.041  -0.170
1912.815 30.445416 -97.594427 19.33 80.88 34.01 -76.35 0.090 -0.840 -0.172
1919.346 30.445416 -97.594427 19.33 80.88 34.01 -76.35 0.033 -1.029 -0.243
1924.427 30.445416 -97.594427 19.33 80.77 33.32 -75.68 0.007 -1.068 -0.063
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Establish a geo-fence along the road to mark the analysis start position
Interpolate the path distance based on the time and velocity instants
Accumulate the distance to the desire length to mark the stop position
Produce an orientation independent resultant vertical acceleration
Compute the RIF per unit of distance resolution
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Presentation Notes
The PAVVET app collects the data in the format shown. Determine the path position and distance from the GPS, time, and velocity data. Determine the vertical acceleration from the accelerometer and gyroscope data. Plug those into the RIF Transform (equation).
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How are the RIF and the IRl related?
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The RIF and the IRl are directly proportional at a given speed.

The IRl is simulated from a fixed quarter-car at a fixed speed.

The RIF is computed from an actual vehicle response at any speed.
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Presentation Notes
This is a graphical representation of the IRI transform (top chain), and the RIF transform (bottom chain). They are both linear time-invariant (LTI) transforms of the road profile. Hence, it is not surprising that they must be directly proportional for a given average speed. Note, however, that the RIF is tied to a speed band. Hence, we can measure RIF-indices from many speed bands, and then combine them as in the next slide (TWIT).
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The Speed Independent Transform

Time-Wavelength-Intensity Transform
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The TWIT reports the average roughness experienced at all speeds.
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Presentation Notes
The TWIT is a speed-independent index of roughness, derived from the fusion of connected vehicle data from all available speed bands. Intuitively, it represents the predominant roughness level that the average rider experiences throughout the speed range that they travel the segment.


Test Site Location

Y \ s 3 Test Sites: TX 130 Frontage
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Presentation Notes
Three asphalt pavement test sites, 20 miles North East of Austin on TX130 Frontage Road.


Site View and Inertial Profiler

Inertial Profiler:
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Site View and 2000 Toyota Camry
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Smartphone Installation
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Smartphone Data and Geo-Fence Trigger
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Example of raw data from the PAVVET data logger app.


? Statistics of the RIF/IRI Proportionality

—  t-distribution (fitted) Inertial Profiler Mean = 0.218
t-distribution (theory) 60 MPH STD = 0.030
N =22
MOEy; = 6.1%
th =77.4%

Inertial Profiler | Mean = 0.181
STD =0.025
N =23
MOEg; = 5.9%
7%, = 81.5%

2000 Toyota Camry
45 MPH |
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RIF/IRI Ratio
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Presentation Notes
The RIF/IRI ratios for a given vehicle and speed follows the classic t-distribution. Therefore, the data will converge with ever-increasing precision as the traversal volume from connected vehicles.
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Summary of Results
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Presentation Notes
The RIF/IRI ratios reflect the sensitivity of the RIF to different spatial wavelengths that transform to temporal wavelengths at different speeds. The results per vehicle and traversal velocity are consistent across test sites. The MOE (within a 95% confidence interval) approaches 2% as the traversal volume approaches 80.


D\

Summary and Conclusions

« The Connected Vehicle approach
characterizes ride quality with high
accuracy and precision

— For a given vehicle type
— For traversal volume beyond 80
— Will require greater traversal volumes for

mixed vehicle populations

— Convergence is guaranteed vis-a-vis the law
of large numbers

 The technology is practice ready
— Use smartphones now to collect the data
— Implement the RIF-transform in a GIS platform
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Presentation Notes
The theory is mature and ready for adoption in practical settings and applications. Start with smartphones now, and migrate to connected vehicles as they emerge.
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