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1)Safety
2)Traffic
3)Comfort of driving
4)Fuel Consumption

5)Quality of Air
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Quality of roads affects fuel economy and GHG emissions.
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Additional Challenge: How do we monitor performance of roads
while addressing CLIMATE CHANGE?

> 1,000,000,000 vehicles

> 50,000,000 miles of roads ﬁ)
7
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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...

Crowdsourced apps not designed
to be crowdsourced.

T EXll COLLECT IRI AND PCI WITH SMARTPHONE
= TECHNOLOGY

LeamMore  Request Demo

S artRoadSense

, Aimed towards a technical user
Laser/camera systems aren’t
scalable ($100-300 per lane mile) @
7
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INTERNATIONAL ROUGHNESS INDEX

IRI ... Universal Ride Quality Measure

Figure 1. RFP condition states (CSs) for three- and five-level scales.
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FHWA Publication No.: FHWA-HRT-16-046 https://www.fhwa.dot.gov/publications/research/infrastructure/pavements/Itpp/16046/16046.pdf Slide 7 /
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https://www.fhwa.dot.gov/publications/research/infrastructure/pavements/ltpp/16046/16046.pdf
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IRl and Excess Fuel Consumption

i O =2nn
10 r |
~ 107 —o=— Smoothed PSD  _
- Measurement of Suspension Motion of a specific vehicle (Golden E o+ pGn D L 3
Car), at a fixed reference speed (V, = 80 kmh), over a distance L: E :
£ <
1 . 1 . E 7 C £\ —u/%él
IRI=—1] |z dt = —El[|z g 107 —S=tm)y—=tn
G P
2 A 107 : %
— 2 o E 1
IRl = Kk j Q% |H,|éc S:(Q) dQ 10" L — I sl
REFERENCE ROUGHNESS Spatial frequency n (cycles/m)
“GOLDEN CAR"  pOWER SPECTRAL
PROPERTIES DENSITY (PSD)

ISO 8608 :Q € [0.069 ...17.77] (rad/m)

Wavenumbers: k = 1/n =[0.35—-90.9] m

EXCESS FUEL CONSUMPTION = ENERGY DISSIPATION IN SUSPENSION, TIRES...

E[5€] = %C <E[z%] X CAL = 4n%msE[22] X CAL CAL = (1/34.2) Itr'MJ (Gasoline)

= (1/15) kg CO2/MJ

V.. YOUR Speed

fs ... YOUR Vehicle’s Resonant Frequency 00

¢ .. YOUR Suspension Damping E[Zz] = VZ_[ QZ |HZ|2Your SE(Q)Measured d(}
m, ... YOUR Vehicle mass 0 Car

* Sayers ML\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

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

PSD
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Carbin is VERY EASY TO USE and offers more than just
road quality data.

Record data: Mount the
phone in a stable position and
click start

Feedback sent
Measurements
back to the User begin when driving
2 inputs: X,Y,Z acceleration
(100Hz) and GPS

coordinates (1Hz) are sent

g @’ 3 to the server

- AN ZA\. Results: [STGHYMBHEE data
gets analyzed in real time
L~ N

Q M M and shared with the user.

Data is shared to web server -
15Mb of data per hour / Wi-Fi compatibility r;
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Analysis begins once the user starts driving

Crowdsourced Measurements: GPS, Accelerations (100Hz)

5:26 PM
2 Search for places

o p U4
2
% e

San Bruno

=
San Francisco
International Airport

To: Marked Location
800-818 El Camino Real

10 min
7.7 mi

005 TIME WINDOW= 1 o IRI=2.9458 m/km
) Random Vibration
0.05 _)// m Theory
< —— o5 02 ' + Bayesian
p A INe| o
£ — - s \ / u% Statistics
. £ a % S (Vibration
c 003} T \
Real-Time 2 s Response)
. - ﬁouz | %
Analysis <] 8 o
001
(Amazon |
Server) DEl 10 20 30 40 50 10'150_2 10 100 10! 102
Frequency (Hz) Frequency (Hz)
2 WAVINESS=2.2261 59 2107 YIELD=1
\ Fluctuation-
\ 22 .. .
‘\ Dissipation
PRETE N =18 Theorem
Feedback < W F o (2nd Law of
‘ g \\l g 208 Thermodynamics)
@ o10° o
(road, env. 8 '\;;Lh% £ . [Excess fuel]
. E U ﬁ o
=] 1 ¢ 195
FOOtprmt’ & ¢l Real-Time i o
eCO_routmg’ Road Con_d|_t|ons e
. (Load = Digital Road)
Ve h |CI e o 102 107! 10° 10! 102 e, 0.5 0 0.5 1 15
m al n te nanc Spatial Frequency (rad/m) DISTANCE TRAVELED (miles)
]
etc.)

CARBIN App avail. AppStore (I0S), GooglePlay (Android)
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CSHub
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Real-Time Access to: Load Cycles
And Vehicle Properties (tires,

suspension,...) Slide 13



Phone can be placed anywhere* (IRl comparison)

*must be in a stable position

o Good (IRI<1.5) Average (1.5-2) © Fair(2-2.5) © Poor (>2.5)

42°30'N
4 . . , | | T
Independence of Phone Position |——FLooR A koo
—— WINDSHIELD :
42°28'N &
3 -
ﬂ |
: g AV
W ol e
B | l 5 \
l" l‘ (| N » ‘ ‘ ]r 42°24'N .
| V=
Xy e y )
0 | | L :
0 50 100 150 200 250 p ;
TRAVEL DISTANCE [km] e ra <
71 10w Qur‘;:yoos W

- But there is a need for multiple measurements for high accuracy due @
to different quality of phone sensors Slide 14 7



Validating phone obtained IRI results

DYNATEST road
laser profiler vset

@ 1'2
1 -
% 3 “ 3
ay
<4

Validation

State of California

0.8

06

PDF

0.4

0.2

Laser Measurement for | _ - @ - _—
50 miles Carbin IRI (m/km) e
2013 DOT CSHub

(expected completion: Winter 2019) 2019 Carbin
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Get Immediate feedback upon completing the trip

Q Search by date

CLICK on the TRIP

<
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Carbin Result Road Quality

2.09m/km

87%

C02 Saving

689

Settings

Distance: km
Fuel: gasoline
m/km

IRl Units:

CO2 Units: kg

Car

1T

Change units
of results

Vehicle Type:

Unique App ID%

CAR43512-E321-HF64-B2B0-A23G3BFG 1867

team@carbinapp.com

History

Tt

Settings
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With 500+ miles Carbin can identify issues with suspension

Heartbeat of the suspension system

. Repair2 &)

il Repair 3| .
_ Repair 1: Wheel Alignment

—aa

—
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0.8] Repair 2: Punctured tire repair

071
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0.2

MIT
CSHub

Not available to the user yet

D
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In the future Carbin will be able to offer eco-routes

<

8 26mn @ 1hr27 # a8 F 26w IRI(m/km) 1.10 1.21 1.28
Cheapest and

&) - e greenest / mile MPG 43 39.1 37.8
L/100km 5.47 6.02 | 6.22

Fuel Cost
($/mile) 0.066 0.073 | 0.076

Fuel Cost
($/km) 0.041 0.046 | 0.048

Fuel Cost &

Emissions 0% +10% | +14%

increase

Lexington, MA -

Eco-routing

2 return trips, cruise control, no traffic

e Your location

. 1
@ MIT Civil and Environmental Engi... ¥

Ford Focus 2013, 2.0l gasoline

Avg. Results

MIT, Cambridge MA

* Fuel cost: $2.85/gallon ($0.75/L)

18
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Other benefits of the app

Direct access to updates and
support through social media,
[ website and emaill

4:46 =1 © b QBNO =,

Q Search by date

09-22-2019 ® 09:23 M
P
°’§.
Qe G3 - £ || Road Quality {in/mi)
Mark as Check out FixMyRoad.us
B siness A | B | C | D | E | F G | H |
u 1 |CarbinApp ID 6eflaacy- Fuel Type Gasoline Vehicle T Car
2
s 3] Date Time Trip Type Distance | Duration Carbin REI Road Clue_l CO2 saving (lbs)
09-22-2019 @ 09:15 4_ ‘3[24[201‘3 17:10 personal 4.4 7 93 94 0.07
> 5_ 9/22/2019 9:23 personal 1.6 4 87 121 0.03
‘53' 6 | 9/22/2019 9:15 business 1.3 3 89 131 0.04
*0° Follow us on: 7| 9/22/2019 9:11 personal 1.5 4 31 115 0.03
«a\.é\e Mark as 5
Personal 0 g 9 |
09-22-2019 ® 09:11
Y & z
Massachusetts Export All Trips
Audubon Society
Habitat Sanctuary
v KENDAL ‘ l
GARDEN,
History or Ma Histor ting More
MIT

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

Increasing IRI database with hourly updates for all classes of roads

FWHA limits
mmm |R| < 1.5 1.5<IRI<2 2<IRI<25 == |R]| 2 2.5
1 | | | 1.5 | |
Excess fuel
_ consumption Hiahwa
08 n=10,278,009 up to 5% g y

m— City

PDF

1 - |
0.6 LL Excess fuel
a consumption
al up to 15%
0.4
0.5
0.2
0 0
0

| 1 2 3 4
1IRI (mz/km) ’ 1 (m/km) = 63 In/mi IRl (m/km) @
- What would the impact be with 10k or 100k users? #
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Victaria

WWW. flxmyroad us/results

\

ee Rillinas
’. ’ (] .\.\u.-
ﬂ ” Saint Paul

- Sher k‘ ooke
3 Ottawa
Cody . oo L 4 §
! e }‘J( i - a 4 WKinnetan e

With environmental impact of their state
roads CALTRANS was able to increase
their funding by 12%

FAIR: >55t and <130t /km/year in CO2 savings*
POOR: >130t /km/year in CO2 savings* ~6,000 trees

*when compared to top 5% of roads



What can we do with this type of data?

Cambridge MA
(example of a well-maintained dirt
road system):

Maximizing road quality, while
minimizing CO2 driving emissions with
a fixed budget

Slide 23



Incorporating long-term treatment actions improves pavement
network conditions and reduces GHG emissions

2.5
42°24'N o
\
y;:)
2 L
42°23'N —_
® =
g e
g E
o
42°22'N E
1571
- , mmmmmE Preservation
42°21'N M\ =t .
" ' ' VW s Preservation & Overlay
1/km Z \ F 7 S
WM > — ‘.‘ﬂ_ - le:cou rtesy <;1 St .COf 1

71°00W 71°08'W 71°07W 71°06'W 71°05'W 71°04'W 0 5 10 15 20
Longitude Year O
MIT
CSHub
== TWIRI < 1.5 1.5<TWIRI <2 2<TWIRI <25 == TWIRI 2 2.5 /
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Sustainable asset management

City-wide cumulative
CO2 savings (tons)

25,000
20,000
15,000
10,000
5,000
0
-5,000

Reference case:
Critcal budget and current practice (P)

—P&QO: increased budget
- e P8O & o
—POR: increased budget C,,0\\%"> 3@
= =<POR Q@
== +P: increased budget
-
P: Quick Fix. Too
low long-term
POR: Long-term H
to meet a city’s cli
_____________ goal ==

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)

ix; but too slow
mate emergency

Levers for GHG reduction at city
scale: budget, type of maintenance
action, choice of materials...

MIT
CSHub
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NEXT STEPS May 2020

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

2. Push Notification: daily and weekly updates
3. Background Automatic Recording: no need to press start - just mount the
phone

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

1. Predicting accurate AADT values for different vehicle classes

2. Temperature with pavement deflection modeling

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

Slide 26

3. Monitoring roads with identification of pavement types: r)
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#_  Available onthe = \ Get it on

| ¢ App Store g P Google play

HELP US GET 1 million miles

MIT www.fixmyroad.us/takeaction
T N Sismanasiy
HUB u @CarbinApp
/ ﬂ facebook.com/carbinapp
Thank you r@ @carbinapp

¥
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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

Woodbine Rd
Se——— ~— 2
Ao
3D
2 easy ways to contribute
arch for places Q MIT (%]
nnnnnnnnnn WakKefield 4 e 4 b ‘AarshSt
W so " o X Burlington d 3D @
—— Woburn Stoneha
oL, L4
X w Lexington .@
L 4
Massac| husetts
Audubon Society
Habitat Sanctuary

L oas

KENDALL

—ﬂ

Press “Finish: to see your results when recording
without navigation. In navigation mode just click “x”
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MILES

OF THE NATION'S
INTERSTATES ARE

CONGESTED

2017 Infrastructure Report Card, ASCE




Collected and analyzed wlth F I X_ M Y_ R 7|
(Hearbin

and pave a better fu

Vancouver
L ]

Seattle Spokane
™ L]

City of Cambridge, MA
350k data points

Eureka
.

' Francisco

He

.‘-\.tla 2ta :‘

Cities — Climate Emergency
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Application of Carbin: PCIl vs IRl + mapping

Waukesha County, WI

Branch ID Section [0 |From To S;:niin Sgr?;:e Lz:;;:,nﬂ Prepdé:clted
CTHFT FTO1A 85ft. ec| Delafield Rd PC 620ft. Wwel CTHJ 5 AC 4359 42
CTHK KO9A 85fts. ECLCTHY PC at Brookfield City Lim P AC 2877 84
CTHK K0SD 384 ft. W CL Shasta Rd 331 ft. ECL Shasta Rd. P AC 715 a8
CTHK KOSE 331 ft. ECL Shasta Rd. CL Marcy Rd. P AC 1.243 a8
CTHK K11C 1286/ ECLCTH YY 475ft. W CL Lity Rd P AC J44 7
CTHM MO3E 348 ft. E Brookfield Rd. R-A 852 ft. ECL Le Chateau Dr. P AC 3388 38
CTHM MO3H 358 ft. E CL Brook Springs Dr. T18ft ECL Glen Cove Ln. P AC 3.250 15
CTHW VVO7AEB  |466f. ECLCTHY 728ft. W CL Clover Ln P AC 41585 a1
CTHWW VVO7BEB 728 ft. W CL Clover Ln 600 ft. W CL Marcy Rd F AC 2713 30
CTHY YO9A 62ft. Nncl CTHK 213ft. S scl CTHW P AC 42587 3
CTH Y YYOIBNB (400 ft. scl CTH WV CL Mill Rd. P AC 5,766 60
CTH Y YYO1BSB  |400ft. scl CTH WV CL Mill Rd. P AC 5,766 56
CTHK K11FEB 72ft. WCL 132nd St. CL 124th St. P APC 2873 7
CTHK KI1FWB  |72ft. W CL 132nd St CL 124th St P APC 2873 69
CTHY YOTF 446t N CL Larkspur Dr CL Gebhardt Rd. P APC 3254 46
CTHY YOBA CL Gebhardt Rd. 4431t. 5 CL Round About North Ave P APC 1.896 41
CTHF FOZANB CLI-34 1251t. 5 CL Westwood Dr. P PCC 584 50
CTHF FO2ASB CL 154 125ft. 5 CL Westwood Dr. P PCC 584 50
CTHF FOACNE 475t N CL Mitchell Ln. 655 ft. S scl Main St. P PCC 3728 65
CTHF FO4CSE 475ft N CL Mitchell Ln. 655 ft. scl Main St F FCC 3725 62
CTHF FO4HNE  |CLCTH V South Portion CLCTH V Noth Portion Round About P PCC 2709 7
CTHF FO4HSB  |CLCTH V South Portion CLCTH V North Portion Round About P PCC 2708 7
CTHM MO4HEB  |187f. E CL Fair Heaven Blvd wel 124th Street P PCC 1.056 7
CTHM MI4HWEB 187 ft. E CL Fair Heaven Rd. wel 124th Street P PCC 1.056 26

OUTCOME = Using Carbin for annual road quality measurements

Carbin IRl map

Slide 32
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