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 Anti-Lock Braking System (ABS) activates
once slippage has already occurred.

Results

 20% of all accidents are a result of
hazardous road surfaces.1

 Create an autonomous system capable of
detecting hazardous road surfaces and
communicating that information with other
vehicles.

 Texture recognition typically requires several
images under various lighting conditions.
 We utilized polarized light to separate the

light sources.2

 Constructing a rotating polarizer that would
be able to rotate at a set angular velocity.

 Training a classifier on a small dataset.
 Use a pre-trained CNN to extract features

from our dataset.
 The feature vector was used to train a two

class linear SVM classifier.
 Comparing three types of image processing.

Demuxing

Sinusoid Fit

 Successfully able to classify between wet and dry
asphalt classes.

 Create and mount apparatus on vehicle to generate
usable data.

 Algorithm runs in a reasonable time for one processor.
 System can readily be added to vehicles today.

Demuxing

 Add more classes such as ice and puddles.
 Augment our dataset with more images of different asphalt

surfaces.
 Implement our procedure on a GPU to utilize parallel

processing in the demuxing algorithm.
 Introduce non-polarized light into system.
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Demuxing 97%

Gradient 93%

Difference 95%

1. Take video 2. Segmentation 3. Process Image

4. Divide ROI 5. Feature Extract 6. Classification

Our image pipeline takes a video and detects the surface
properties of the road. Pipeline optimized for accuracy.
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Dry 85%

Wet 10%

Puddle 5%

Ice 0%
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Our best results were
due to the demuxing
algorithm. The other
techniques may have
worked better for
more local images.

We were able to sample
one out of every
hundred pixels and still
demux our images
accurately. At some
point the histogram is
too sparse.

Each light source
passes through the
polarizer at a
different angle. We
can identify the
source by the phase
histogram.

Using our rotating
polarizer we were
able to correctly fit a
sinusoid to every
sampled pixel.

3 channel image

Texture 
recognition

Send data 
to server

 This semester our focus was on the
acquisition of the video data and both
accurately and reliably classifying surfaces.

Video taken 
from vehicle

Processed data 
with GPS 

coordinates

Directions of 
nearby vehicles 

are updated
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Demux
Algorithm

Ground
Truth

Our demuxing
results agree
with the ground
truth data. In
this case the
lights do not
cancel each
other.

The rotating linear
polarizer is controlled
by an Arduino Uno
that adjusts the
rotation velocity
according to the
speed of the vehicle.

Our proposed set-up
for our system. We
only used one camera
due to our budget.
This system costs
roughly $500.

The more layers used
in our pre-trained CNN
results in a smaller
feature vector and
lower accuracy.
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