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e Snow and ice can ...
O decrease road transportation efficiency, and
O cause deadly threats to drivers.

> Images courtesy of the Indiana Department of Transportation (INDOT). PURDUE
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e \Winter Roadway Treatments
O Mechanical means such as plowing
O Pre- and post-treatments for anti- and de-icing
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(a) Gang plowing by the Minnesota (b) Anti-icing operation by Kentucky
Department of Transportation (MnDOT). Transportation Cabinet (KYTC).
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e \Winter Roadway Treatments
O Mechanical means such as plowing
O Pre- and post-treatments for anti- and de-icing
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(a) Gang plowing by the Minnesota (b) Anti-icing operation by Kentucky
Department of Transportation (MnDOT). Transportation Cabinet (KYTC).
>70% of U.S. roadways are affected. PURDUE
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® Dynamic Prescription
o Sun shadows could worsen the case

7% o 2

Courtesy of banana-nou@reddit. Courtesy of Rflcoter71@rddit.

5 Liquid anti-icing is most effective at pavement temperatures > 20°F (-6.7°C). [MnDOT Anti-Icing Guide]



https://www.dot.state.mn.us/maintenance/pdf/research/AntiIcingGuide8Full.pdf

® Dynamic Prescription
O Sun shadows could worsen the case
O High-risk road segments identification
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Washington State Department of Transportation (WSDOT).
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® Dynamic Prescription
O Sun shadows could worsen the case
O High-risk road segments identification
O Reducing financial and environmental costs

Highway snow/ice $2.3 | 8‘) ?&Url'f[?sygu )
- @ [JoelNolting@Urban
control cost billion/year 8 ForcsiDueller]
Road salt 15 million

application amount  tons/year :
& (b) From [Minnesota
feR Stormwater Manual]

Extra cost to S5
infrastructure billion/year

Tab. Estimated cost on winter _ '
road maintainance in the U.S. Fig. Plants damaged by road salt.

Source: [How America got addicted to road salt — and why it's become a problem].



mailto:JoelNolting@UrbanForestDweller
https://stormwater.pca.state.mn.us/index.php/Environmental_impacts_of_road_salt_and_other_de-icing_chemicals
https://www.vox.com/2015/1/13/7531833/road-salt-environment-alternatives

e 2016-2020 Indiana Statewide LiDAR
o Digital surface model (DSM) provided by Purdue
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Fig. lllustration of the LIDAR data for Purdue University.
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https://lidar.jinha.org/

e 2016-2020 Indiana Statewide LiDAR
o Digital surface model (DSM) provided by Purdue

e Simulation Models
O Direct-path blockage
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https://lidar.jinha.org/

e 2016-2020 Indiana Statewide LiDAR
o Digital surface model (DSM) provided by Purdue

e Simulation Models
O Direct-path blockage
o Normalized sun energy

0
0
B

(a) Zenith angle is zero. (b) Zenith angle is non-zero. (c) Front view of (b).
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https://lidar.jinha.org/

e Simulator

Area of Interest —— Location Grid Points to Inspect

INDOT Road Information —»| Sampler l ¢
Workload > Recovery
Time Range of Interest —3 Time M Scheduler Points
Sampler | Inspect +
Solar Position Algorithm T >- }—» Process 1 Blockage Blockage
Direct-Path Blockage Model ——— | ;  Slalus ‘ Maps
> P 2 '
LocalCopy ~ __ Sun Radiation Model > | hidadadall -
of IN LiDAR Data : : Visualizer
—>»| Geographic Data >. L> Process 3
— Preprocessor Geographically | . Normalized Prescription
On-Demand USGS Indexed LIDAR | . " Sun Power » Maps
Elevation Data and Elevation Data , X
Internet Parallel Computing Pool
The Solar Position Algorithm (SPA) was developed by the National Renewable PURDUE

Energy Laboratory (NREL). We used a Matlab implementation.



https://midcdmz.nrel.gov/spa/
https://www.mathworks.com/matlabcentral/fileexchange/59903-nrel-s-solar-position-algorithm-spa

e Simulation Result Verification for Buildings
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12 (a) 4:08 p.m. (b) 5:01 p.m. (c) 5:33 p.m.



® Simulation Result Verification for Trees

2021/01/14 07:00:00

€)) Ma view*

13 * Satellite images in this presentation are from Google Maps. PURDUE
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® Simulation Result Verification for Trees
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® Simulation Result Verification — Road Tests
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(a) Photo

Sim RoadTrip_9: 03-Mar-2021 12:15:30
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e Simulation Result Verification — Road Tests

(a) Photo

Sim RoadTrip_14: 03-Mar-2021 11:51:15
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e (Case Study for U.S. 41

O Scene reconstruction (38 km or 26 miles)
v @ Rockvilleg

Terre Haute O

(a) Overview
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e (Case Study for U.S. 41

O Scene reconstruction (38 km or 26 miles)
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e (Case Study for U.S. 41

O Scene reconstruction (38 km or 26 miles)

| | K
;._ )
T CrossTaber ncle

f M&)Jelvenuc v
S | \ Nat e Park ‘ T“ -
erre naute Q= W
g & fﬁrdecﬁéﬂié'ﬁ‘n?"‘w“?"ﬁ‘\“e—r’.ﬁl Y
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e (Case Study for U.S. 41

O Scene reconstruction (38 km or 26 miles)
aggregation

O Simulation resu
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e (Case Study for U.S. 41

O Scene reconstruction (38 km or 26 miles)
O Simulation result aggregation

& Google Earth Pro

File Edit View Tools Add Help
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e (Case Study for U.S. 41

O Scene reconstruction (38 km or 26 miles)
O Simulation result aggregation

& Google Earth Pro
File Edit View Tools Add Help
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® Anti-lcing Treatments
O High cost
O Negative environmental effects
e Sun-Shadow Simulator
o Shading slows down the melting process.
o ldentification of the Sun’s shadows for large
areas at a low cost via LiDAR.
O Fully-automated with high accuracy.

e User-Friendly Prescription Maps

O Normalized daily sun energy map
O Blockage percentage map
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Thank you!

Sponsorship for this work was provided by the Joint
Transportation Research Program (JTRP) administered
by INDOT and Purdue University under Project SPR-
4322, and the Foundation for Food and Agriculture
Research (FFAR) under Award 534662.

Thanks to Professor Jinha Jung at Purdue University for
assisting with the Indiana statewide LiDAR data set.
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