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ONE POSSIBLE SOLUTION...

RWIS stations are costly
and many gaps still exist...



AN IMPORTANT QUESTION

Where should we locate RWIS stations?




THE CORE IDEA - OPTIMAL LOCATION

SPATIAL INFERENCE BASED APPROACH USING KRIGING*
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*Kwon, T. J., Fu, L., and Melles, S., (2016)
*Kwon, T. J., Fu, L. (2017)



Application: Alternate Planning Scenarios

Scenario 1: All-new optimal RWIS network

For evaluating the location quality of the current RWIS network

Scenario 2: Expansion of current RWIS network

For determining the location for additional RWIS stations



OPTIMIZATION IN ACTION — AN EXAMPLE

@] Ontario_density.R* 3] optimizeON_RWIS_Dual_UK (1).R Environment  History
[ [[]Source on Save Q /- ~#Run %% | 9 Source ~ * B @To Console | =4aToSource | @ | 3
hist (PtsAvg$AVgHRSC, breaks=15, xlab = " it G 0 g. T nditi ) names (PtsAvg@data) a
proj4string(sa) <- CRS("+init=epsg:26917")
smplvarAvg. oK vari ( ~ 1, PTSAvg) proj4string(PtsAavg) <- CRS("+init=epsg:26917")
plot(smplvarAvg.oK, pch 2)) { proj4string(Preds) <- CRS("+init=epsg:26917")
hist(PtsAvg$AvgHRSC, breaks=15, xlab = "Road conditions”, main = paste("Histogram of avg. road conditions"))

vfitok = fit.variogram(variogram(AvgTemp ~ 1, PtsAvg), vg
plot(smplvarAvg.ok, vfitok, pch =

smplvarAvg.OK = variogram(AvgTemp ~ 1, PTsAvg)

plot(smplvarAvg.oK, pch = 19)

vfitok = fit.variogram(variogram(avgTemp ~ 1, PtsAvg), vgm(0.5, "Gau", 79618, nugget = 0.2))
plot(smplvarAvg.ok, vfitok, pch = 19)

### EmMpLy RWIS ###

PtSEmpty <- readshapePoints('Empty_ON_RWIS.shp')

names (PtsEmpty@data)

names (Ptsempty@data)<-c("y", "x", "Avgsurfempty")

### Current RWIS Network ###

PtsCurrent <- readshapePoints('140_RwIS.shp')

names (PtsCurrent@data)

names (Ptscurrent@data)<-c("Ip", "y", "x","Avgvalcurrent")
ON_state_density_stnl <- optimizeNetwork(Ptsempty, Preds, candidates=sA,
method="ssa", action="add", nDiff=100, model=vfitok, criterion="MUKV",

PtsCurrent <- readshapepPoints(

el < >

= nr_iterations=10000, formulastring = AvgsurfEmpty ~ X+ v
564:1 Density R Script = . 9 9 pty 2
Files Plots Packages Help Viewer
Console @ =

. ) - , :
Error in hist.default(PtsAvg$AVgHRSC, > = "Road conditions” E 2 & Zoom | E|export | B | ¥ “%» Publish
'x' must be numeric

Location Optimization via Spatial Simulated Annealing - Ontario RWIS Network

=2

[terations performed

[using universal kriging]

[using universal kriging]

searching for an improved fitness value for 1

[Terminating SSA 200 iterations with no improvement]

[using universal kriging]

searching for an improved fitness value for 2

[Terminating SSA 200 iterations with no improvement]

[using universal kriging]

searching for an improved fitness value for 3 p = 0.1942423 1im = 0.1994009[Terminating SSA 200 iterations with no
improvement] Current Fitness = 0.627 (Best Fitness So Far Achieved = 0.627)




SOLUTIONS GENERATED*

Scenario 1: Scenario 2:
All-new RWIS network Expansion of RWIS network
Minnesota Case Minnesota Case

*Kwon, T. J., Fu, L., and Melles, S., (2016)



TESTIMONY FROM MINNESOTA DOT

Jakin Koll, Mn/DOT Director of MDSS & Road/Weather Forecasting Coordinator



ANOTHER IMPORTANT QUESTION

How many RWIS stations should we deploy?

Hypothesis

Number of RWIS required may depend on
topographic characteristics of regions




TOPOGRAPHY BASED ANALYSIS

» Topographic Position Index (TPI)

* Difference between a cell elevation value and the average
elevation of the neighborhood around that cell

Category

2

- gl

Flat/Plain (TPl < 10)

Hilly (10 < TPI < 30)

Mountainous (TPl > 30)




Case Studies
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TPI BASED CLASSIFICATION
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RWIS DENSITY ANALYSIS CHART

Marginal benefits decrease as the
density increases
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TPI vs. DENSITY (per 10,000km?)

y =0.0517x + 1.7259

2 =
. R?=0.9624 .

Number of RWIS per 10,000 km?2
w

TPI



NEXT STEP

More case studies are currently underway...
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DEMO https//www.LOoRWIS.com

Introducing

Our all-new & innovative way of optimizing RWIS network
*. by incorporating both the traffic 8—- the weather factors

a e =

RWIS DEPLOYMENT PLANNING WEATHER PATTERN ANALYSIS TRAFFIC DATA ANALYSIS

RWIS Deployment Planning.

Let us do the job!

CONTACT US
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