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1)Safety

2)Traffic

3)Comfort of driving

4)Fuel Consumption

5)Quality of Air
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How do we convey this

message to the public?
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5-15%

Quality of roads affects fuel economy and GHG emissions.

How do we convey this

message to the public?
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> 1,000,000,000 vehicles

Additional Challenge: How do we monitor performance of roads 

while addressing CLIMATE CHANGE?

> 50,000,000 miles of roads 
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Current approaches only measure the current state of infrastructure 

(i.e. IRI) without ability to predict the future, not to mention GHG… 

Laser/camera systems aren’t 

scalable ($100-300 per lane mile)

Crowdsourced apps not designed 

to be crowdsourced.

Aimed towards a technical user
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IRI … Universal Ride Quality Measure

FHWA Publication No.: FHWA-HRT-16-046 https://www.fhwa.dot.gov/publications/research/infrastructure/pavements/ltpp/16046/16046.pdf

Car Body (mass)
Attaches Here

Suspension 
System:

Spring 
Damper

Hub 
Assembly

ሶz

INTERNATIONAL ROUGHNESS INDEX

𝝃

Longitudinal Roughness, 𝝃, causes vibrations. 

Suspension Motion, ሶz, is response of vehicle to roughness induced vibrations 

IRI =
1

𝐿𝑉0
න| ሶ𝑧|GC 𝑑𝑡

https://www.fhwa.dot.gov/publications/research/infrastructure/pavements/ltpp/16046/16046.pdf
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𝝃

𝑘 = 1/𝑛
Large

Wave Numbers

Roads: max(𝑘) = 90.9 m

Short 

Wave Numbers

Roads:

min(𝑘) = 0.35 m

Adapted from 

https://www.reddit.com/r/math/comments/30ml91/clear_visualization_of_the_fourier_transform/
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IRI and Excess Fuel Consumption

* Sayers M.W., Karamihas S.M., (1998) The Little Book of Profiling, U. Mich. http://www.umtri.umich.edu/content/LittleBook98R.pdf

** Loprencipe, G. & Zoccali, P. J. Mod. Transport. (2017) 25: 24. https://doi.org/10.1007/s40534-017-0122-1

*** A Louhghalam, M Tootkaboni, FJ Ulm (2015), JEM-ASCE, https://doi.org/10.1061/(ASCE)EM.1943-7889.0000944

**** A Louhghalam, M Tootkaboni, T Igusa, FJ Ulm (2019), JAM-ASME, https://doi:.org/10.1115/1.4041500

- Measurement of Suspension Motion of a specific vehicle (Golden 

Car), at a fixed reference speed (𝑉0 = 80 kmh), over a distance 𝐿:

IRI =
1

𝐿𝑉0
׬ | ሶ𝑧|GC 𝑑𝑡 =

1

𝑉0
E[| ሶ𝑧|GC]𝐿

IRI = 𝜅 න
0

∞

Ω2 |𝐻𝑧|GC
2 𝑺𝝃 Ω 𝑑Ω

KNOWN
REFERENCE

“GOLDEN CAR”
PROPERTIES

MEASURED
ROUGHNESS

POWER SPECTRAL
DENSITY (PSD)

𝑺𝝃 𝒏 = 𝒄 𝒏−𝒘

ISO 8608 :Ω ∈ 0.069…17.77 (rad/m)

Wavenumbers: 𝑘 = 1/𝑛 = [0.35 − 90.9] m

Ω = 2𝜋𝒏

E 𝛿ℰ =
1

𝑉
𝐶𝑆E ሶ𝒛2 × 𝐂𝐀𝐋 = 4𝜋

𝜁𝑓𝑠

𝑉
𝑚𝑠E ሶ𝒛2 × 𝐂𝐀𝐋

𝑉… YOUR Speed

𝑓𝑠 … YOUR Vehicle’s Resonant Frequency

𝜁 … YOUR Suspension Damping

𝑚𝑠 … YOUR Vehicle mass
E ሶ𝒛2 = 𝑉2න

0

∞

Ω2 |𝐻𝑧| Your
Car

2 𝑺𝝃 Ω Measured
PSD

𝑑Ω

CAL = (1/34.2) ltr/MJ (Gasoline)

= (1/15) kg CO2/MJ

EXCESS FUEL CONSUMPTION = ENERGY DISSIPATION IN SUSPENSION, TIRES…

http://www.umtri.umich.edu/content/LittleBook98R.pdf
https://doi.org/10.1007/s40534-017-0122-1
https://doi.org/10.1061/(ASCE)EM.1943-7889.0000944
https://doi:.org/10.1115/1.4041500
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15Mb of data per hour / Wi-Fi compatibility

Record data: Mount the 

phone in a stable position and 

click start

2 inputs: X,Y,Z acceleration 

(100Hz) and GPS 

coordinates (1Hz) are sent 

to the server

Results: Anonymous data 

gets analyzed in real time 

and shared with the user. 

Carbin is VERY EASY TO USE and offers more than just 

road quality data. 
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Crowdsourced Measurements: GPS, Accelerations (100Hz)

Real-Time

Analysis

(Amazon

Server)

Random Vibration 

Theory

+ Bayesian 

Statistics

(Vibration

Response) 

Real-Time

Road Conditions

(Load = Digital Road)

Fluctuation-

Dissipation

Theorem

(2nd Law of

Thermodynamics)

[Excess fuel]

Real-Time Access to: Load Cycles

And Vehicle Properties (tires, 

suspension,…)

Feedback

(road, env.

Footprint, 

eco-routing,

Vehicle

maintenanc, 

etc.)

CARBIN App avail. AppStore (IOS), GooglePlay (Android)

Analysis begins once the user starts driving 
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Phone can be placed anywhere* (IRI comparison)
*must be in a stable position

 But there is a need for multiple measurements for high accuracy due                    

to different quality of phone sensors

Independence of Phone Position



Slide  15

Validating phone obtained IRI results

Validation

?

Carbin
Laser Measurement for 

50 miles

DYNATEST road 

laser profiler

State of California

2013 DOT

2019 Carbin
(expected completion: Winter 2019)
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Get immediate feedback upon completing the trip
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With 500+ miles Carbin can identify issues with suspension 

Not available to the user yet
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In the future Carbin will be able to offer eco-routes
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Export by email or store in a .csv format

Other benefits of the app

Direct access to updates and 

support through social media, 

website and email 
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March 2019 October 2019

Universal metric, real-time impact
www.fixmyroad.us
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P
D

F

IRI (m/km)

n=9,324,641

P
D

F
IRI (m/km)

Highway

City

IRI < 1.5              1.5 ≤ IRI < 2                2 ≤ IRI < 2.5                IRI ≥ 2.5

FWHA limits

Increasing IRI database with hourly updates for all classes of roads

n = 10,278,009

6-months & 350 active users (friends & family)

 What would the impact be with 10k or 100k users? 

Excess fuel 
consumption 
up to 15%

Excess fuel 
consumption 
up to 5%

1 (m/km) = 63 in/mi
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FAIR:  >55t and <130t /km/year in CO2 savings*

POOR:  >130t /km/year in CO2 savings* 

*when compared to top 5% of roads

~6,000 trees 

www.fixmyroad.us/results
ENVIRONMENTAL IMPACT   CO2 Tax / Climate Change

With environmental impact of their state 

roads CALTRANS was able to increase 

their funding by 12%
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Cambridge MA 

(example of a well-maintained dirt 

road system):

Maximizing road quality, while 

minimizing CO2 driving emissions with 

a fixed budget

What can we do with this type of data?
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Preservation

Preservation & Overlay

Incorporating long-term treatment actions improves pavement 

network conditions and reduces GHG emissions 
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Sustainable asset management
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P&O: increased budget

P&O

POR: increased budget

POR

P: increased budget

How can Cambridge MA get the 

maximum GHG emission reduction 

through the right choice of road 

maintenance actions?

1. Preservation (P) (current practice)

2. Preservation+Overlay (P&O)

3. Preservation+Overlay+Reconstruction

(POR) 

Reference case: 

Critcal budget and current practice (P)

POR: Long-term Fix; but too slow 

to meet a city’s climate emergency 

goal

P: Quick Fix. Too 

low long-term 

impact

Levers for GHG reduction at city 

scale: budget, type of maintenance 

action, choice of materials…

2. Preservation+Overlay (P&O) 
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NEXT STEPS

1. Fidelity Program: “COLLECT MILES WITH CARBIN and GET REWARDS” 

2. Push Notification: daily and weekly updates

Carbin APP:

3. Background Automatic Recording: no need to press start  just mount the 

phone

1. Predicting accurate AADT values for different vehicle classes

2. Temperature with pavement deflection modeling

3. Monitoring roads with identification of pavement types:

Asphalt vs. Concrete  which one is “better” in the short / long run

May 2020

4. SDK model to be used as part of any app
Analysi

s



HELP US GET 1 million miles
www.fixmyroad.us/takeaction

@CarbinApp

facebook.com/carbinapp

@carbinappThank you
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EXTRA SLIDES
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To participate get Carbin and start collecting data

ANDROID: Google play store  search for Carbin

iPhone: App Store  search for Carbin

Press “Finish: to see your results when recording 
without navigation. In navigation mode just click “x”
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City of Cambridge, MA

350k data points
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Application of Carbin: PCI vs IRI + mapping 

Carbin IRI map

Waukesha County, WI

OUTCOME  Using Carbin for annual road quality measurements


