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Today’s talk : Snow Hazard Indicator Pipeline
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1. Introduction
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1.1 Background

e January 10, 2021, owing to heavy snowfall on the Hokuriku
Expressway, approximately 1,000 cars were stuck.

e This congestion was caused by a slippery accident.

e Road surface monitoring is critical for winter road safety.
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e Snowfall forecast / sensing
system for road status,
comprehensive network

| snowfal | forecast | beteorolosical radarl multisensor 1

e _ﬁ i 5 e Required multi-mode observed
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weather / image data, so costly
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snow removal work ahead,
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Research, development of systems

Test operation in winter e

poor visibility ahead, drive

carefully!
e

Kido et al., Sapporo City (1999) : “Management
of Roads in Winter using CCTV camera”.

to private users

* Information Provisi ofe——




1.3 Practical Indicator for Winter Road Safety

Experiment To Experience by Digital Design

e Challenges
e Vision based practical indicator

* Fewer data, only image input, less cost

* Provide hazardous measure for road managers/users

e QOur proposal
e Before-snow image translation
e Snow / road segmentation
* Live image post-processing
e Compute a snow hazard indicator.

Input image
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1.4 Trial steps and Validation oneuing

e Trial steps

e 1) Image translation of the road surface region hidden
under snow using a conditional GAN

e 2) Snow-covered /Road surface, per-pixel classification
using semantic segmentation.

e 3) Indicate the amount of snow covered on the road

e Apply our pipeline
e Field study of snow and cold regions in Japan.

Experiment To Experience by Digital Design
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2. Deep Learning Application
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2.1 Image-to-image Translation for Conditional GAN YacHivo

e pix2pix framework

 One-to-one Image Translation

.= . .
O real image 1 ) generated fake image

-

e Objective “one-to-one” consistency

@ . Aligned training sample

1G(x9) — x2|| ,: p: target consistency

EERIIPS Reference) Xin, Ekta, Paul: Generative Adversarial Network in Medical Imaging, 2019. 10
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2.2 MATLAB enabler for Conditional GAN Fognerig
\

Custom Loop for Deep Learning

e 1) dlarray & dinetwork: handle data and networks flexibly

e 2) dlfeval : evaluate custom loss & gradient function

e 3) PairedlmageDatastore: easy to access paired dataset

\_

MATLAB® (primary tools)

e Deep Learning Toolbox™, Parallel Computing Toolbox™

J

e Computer Vision Toolbox™, Image Processing Toolbox™

New Released R2021a:
* pix2pixHD generator : high-resolution label-to-image translation.

Experiment To Experience by Digital Design



2.3 Semantic Segmentation for Snow and Road ”

YACHIVO
MobileNetv2 DeeplLabv3+
- Bottleneck Residual block * Atrous Pyramid Pooling
* Reduce memory : max. 400K * Dense convolution
Add conv 1x1, Linear kerﬁg? ngg kerﬁenlr:gxs kerﬁeﬂlr:'lgxa
f ! T rate: 1 rate: 6 rate: 24
conv 1x1, Linear rate = 24

f Dwise 3x3,

-
stride=2, Relué rate = 6 =
rate = 1 .
Dwise 3x3, Relu6 —
T . =
M

Conv 1x1, Relué

Conv 1x1, Relué

j‘ / L Feature map Feature map Feature map
et Coput >
Stride=1 block Stride=2 block See) Chen et al. : "Rethinking Atrous Convolution

for Semantic Image Segmentation”(2018)
See) Sandler et al. : "MobileNetV2: Inverted

Residuals and Linear Bottlenecks”(2018)

EHRIIPS 12
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2.4 MATLAB set the pace for Semantic Segmentation ™

ﬁtandard Deep Learning Enablers \

e 1) pixelLabellmageDatastore: handle image and label paired set

e 2) deeplabv3pluslLayers : easy to build e.g. MobileNetv2, Xception
e 3) trainNetwork: training dataset, layers, and options

e 4) semanticseg: easy to predict test image by trained network

{5) evaluateSemanticSegmentation: easy to evaluate accuracy/

MATLAB® (primary tools)

e Deep Learning Toolbox™, Computer Vision Toolbox™

e Parallel Computing Toolbox™

HRIIPS 13
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3) Intersection of both labels

\

Snow-over-road
pix(ScL N RsL)

1) Snow covered class label 2) Road surface class label

pix(RsL)

Snow Hazard
Index

e Automatically compute the snow hazard ratio index,
without the ground-truth of the road surface image.

Experiment To Experience by Digital Design
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3. Snow Hazard Indicator Results
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3.1 Input Raw Image Examples

* Snowy road surface test image, hazardous condition
* Note: background snow is NOT dependent on traffic accident

ER”PS https://www.mlit.go.jp/road/road_e/index_e.html 16

xperiment T o Experience by Digital Design



3.2 Ground truth Road Surface Examples

* “before snow” real situation,
e Target ROl road surface have been shown clearly

O g (R BN TR U T U = ST L

e B,
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= it el

EE RIIPS https://www.mlit.go.]

Experiment To Experience by Digital Design
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3.3 Fake output Road Surface Examples

YACHIYO
e Test snowy raw input is translated to “before snow” fake
situation using the trained pix2pix

Experiment To Experience by Digital Design
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3.4 Trained Segmentation for Snow and Road Surface

e Train a Deeplabv3+ with a backbone MobileNetv2
e Each class Intersection of Union(loU) is more than 0.6.
* The road and snow class loU is 0.8, so useful

0 0.2 0.4 0.6 0.8 1
Each Class—lolU on Test images

FHRIIPS 19
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3.5 Road Surface Label Prediction from fake output

e Predict the fake output of “before snow” using the trained
semantic segmentation network

’

el

20
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3.6 Snow Region Label Prediction from raw input

e Predict the real region of “snowy road” using the trained
semantic segmentation network

. ’ 3 v =
2 Y p
- FLP P = ’
Experiment To Experience by Digital Design



3.7 Snow-over-road and Road Surface without Snow

e Bar plots of the pixel count for the monitoring target ROI
* Snow-over-road, and Road surface without snow

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Snow Hazard Index Visualized per Image

—
s

ju—y
M2

a—
o

[#]

[ 1 Snow over road
I Road without snow

Test CCTV images Number

]

: ]
N
- [ ]

[]

]
]
[]
]

5 10
Snow within Road Class Pixel Count

v

YACHIYO

Engineering

22



3.8 Snow Hazard Ratio Index

e Bar plots of the snow hazard ratio index; indicates the
snow ratio within the road surface ROl of each image.

Experiment To Experience by Digial Design
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Snow Hazard Index per Image
T T T T

100 7

90 -

80

70 -

60 -

50 -

40

30 -

20 -

10

6 8 10
Test CCTV images Number

1
12

1
14

|
16

v

YACHIYO

Engineering

23



v

YACHQIYO

Engineerin

4. Snowy Night-to-Day Results
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Night image

S

One-to-one

paired images

Talk+ : Snowy Night-to-Day Translator Pipeline
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4.1 Input Night Image Examples

* Snowy night road surface : test images are selected
* Under lighting points, roads are moderately lighted up

RIGETPAL DO, 1290
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EER”PS https://www.mlit.go.jp/road/road_e/index_e.html 26



4.2 Ground truth Day image Examples

e “day time” real situation,
e Snowy road surface have been shown clearly

R BRFE

RE] L G el

@WB”PS https://www.mlit.go.jp/road/road_e/index_e.html
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4.3 Fake Day output Examples

YACHIYO
e Test night raw input is translated to “day time” fake situation
using the trained the “night-to-day” pix2pix
TRIPS e o i A .

Experiment To Experience by Digital Design
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4.4 Day Label Prediction from Real input

e Predict the fake snow label of “day time” using the trained
semantic segmentation network

29
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4.5 Fake Day Label Prediction from fake output

e Predict the real snow region of “day time” using the trained
semantic segmentation network

30




4.6 Similarity between Real Snowy day and Fake
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* Intersection of fake day snow region, and real day snow region

* These similarity scores are high more than 0.75

Snow Class Similarity

Experiment To Experience by Digial Design
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5. Concluding Remarks
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5. Concluding Remarks

e Fake day label output from snowy night image have been
well approximated to the Real snowy day label.

e Combine two pipelines for snowy night road status to
make decisions of operations : “road closures” / “snow
removal”, even at night.

e Extend to edge computing for automatic real-time
provision for drivers about hazardous road status.

Experiment To Experience by Digial Design
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Deep Learning for Pattern Recognition

e RIIPS (Research Institute for Infrastructure Paradigm shift).

 DLPR project: Natural Disaster, Traffic Detection.

Takato Yasuno Hiroaki Sugawara W

— 9
Experiment To Experience by Digital Design
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If you have any questions, I'd happy to respond it.
Please feel free to contact me.
e-mail : tk-yasuno@yachiyo-eng.co.jp
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