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I. RWIS in Korea




Highway System in Korea
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RWIS ESS Installment on Freeway (2022~2025)
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Type of RWIS ESS

©® RWIS ESS Design Criteria
Wind, Temperature, Precipitation, Humidity, Pressure, Visibility, >
“egionsl (1Elam) Pavement sensor, Snow Accumulation, Ceilometer, Sunshine recorder 70m 2m
Local (20km) Wind, Temperature, Precipitation, Humidity, Pressure, Visibility, 35m? Tm
Pavement
lee Pavement (Pavement status, Friction, Pavement temperature etc.) 10m? Tm
(Ice-prone segment)
Ice/Fog Fog
S .. 5
Doy 000 i) Visibility (Visible range) 10m S5m

Regional Local Ice/Fog
(100km) (20km Z+Z) (Ice/Fog-prone segment)
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Road Weather Information Provision

@ Information Provision Scheme
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Issues in RWIS of Korea

® Spatial Estimation

RWIS ESSs are spaced 20 km apart. Therefore, the pavement status between two consecutive RWIS ESSs

must be estimated. It is essential to develop an appropriate methodology for this estimation.

@ Temporal Prediction

For effective preventive maintenance of roads during winter, accurate forecast information is essential.

Consequently, the development of reliable prediction techniques is necessary.

® Benefit of RWIS Deployment

To justify the budget allocation for the deployment of RWIS, it is essential to guarantee social benefits.
Consequently, a methodology for calculating the social benefits of RWIS must be established
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I1. Black Ice Prediction
Using Atmospheric Data



National Highway
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Cases for Black Ice Formation

ROAD TEMP: <32°F

Melted Snow ﬁ'eezing Rain
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Frost-Induced Black Ice Formation Condition
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Frost Induced-Black Ice Estimation using Atmospheric Data

Input 1

Air temp.

Input 2

Humidity
Machine Learning

— * Deep Neural Network ‘ m
Dew point
s Py

Air temp. diff.

Input 5

Humi. diff.

* Random Forest
* Support Vector Machine Frost/Non-frost

KICT 22271297 QA



Deep Neural Network

model = Sequential()

0.9 -+

model.add(Dense(30,input_shape=(5,),activation="relu')) o8
model.add(Dense(20,activation="relu')) 0.7
model.add(Dense(1,activation="'sigmoid')) > 06
model.compile(loss='binary_crossentropy’, E 0.5
optimizer='"Adam’, 0.4
metrics=['accuracy'])
0.3
0.2
Laver (type) Output Shape Param # 0 10 20 30 40 50
Epoch
dense_4 (Dense) (None, 30} 180
precision recal | fl-score  support
dense_b (Dense) (Mone, 20) 620
0 1.00 0.95 0.98 G2
dense_f (Dense) (Mone, 1) 21 1 0.95 1.00 0.97 55
accuracy 0.9v 120
Total params: 821 macro ava 0,93 0,93 0,97 120
Trainable params: 821 weighted avy 0,93 0,97 0.98 120

Mon—trainable params: 0O
[(59 3]
[ 058]]




Random Forest
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0 10 20 30 40 50
Number of trees
Humi
param_grid = {'n_estimators" [1,5,10], 'max_depth": J—
ir_di
[10,15,20], 'max_leaf nodes': [10,30,50],
. . o e Dew
'criterion’: ['gini', 'entropy'], 'max_features': ['auto’,
'sqrt', 'log2'} Humi_diff
. . Air_temp
{'criterion": 'entropy', 'max_depth": 10, 'max_features': 'auto’,
. 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
'max_leaf nodes': 30, 'n_estimators': 5} Importance




Support Vector Machine

Model Building

svc = SVC(random_state=2021)

param_grid = [{'kernel': ['linear'], 'C": [0.1, 1, 10, 100, 1000,

10000, 1000001},

{'kernel": ['poly'], 'degree": [2, 3, 4], 'C": [0.1, 1,

10, 100, 1000, 10000, 1000001},

{'kernel": ['rbf'], 'gamma': ['auto', 'scale'], 'C"

[0.1, 1, 10, 100, 1000, 10000, 100000]},

{'kernel": ['sigmoid'], 'gamma': ['auto', 'scale'],
'C': [0.1, 1, 10, 100, 1000, 10000, 100000]} ]

scores = ['precision', 'recall']

Performance
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XAI (Target Plot): Relative Humidity

12000 4 0.7
10000 0.6
0.5 .
8000 - =
E
e - 0.4 o
- o
S 6000 - 9
L 0.3 &
Q
&
om
4000 4 o5
2000 4 L 0.1
L 0.0
0 - |

(20.0, 70.0) (70.0, 75.0) (75.0, 80.0) (80.0, 85.0) (85.0, 90.0) (90.0, 95.0) (95.0, 100.0)
Relative humidity (%)



XAI (Target Plot): Air Temperature
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Application
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Thank you for attention

Jinhwan Jang
jhjang(@kict.re kr
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