Black ice poses significant challenges to driving, specifically autonomous driving, due to its
difficulty to detect and its impacts on the vehicle safety. Present methods for detecting black
ice, although accurate, are still vulnerable to external environmental influences and cannot
function in certain environments. Therefore, the research looks into novel methods of all
environment black ice detection, using inertial measurement data collected with a scale model
of vehicles to train neural networks for binary classification of road conditions. The resulting
method from two separate neural network structures are 98.8% and 99.5% accurate
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respectively, and deployment of the neural network onto Tensor Processing Units (TPU) is
proved to be feasible with the average inference time being 0.75 milliseconds and the standard
deviation being 0.13 milliseconds. A Two Proportions Z-Test also proves the method’s
improvement in accuracy to be statistically significant.

Raspberry Pi control functionality
IMU connection
Controller connection
Data collection ability
o Model vehicle building problems
m Proprietary software
m Controller connection issue
m IMU connection issue
o Location selection
m Ice rink for ice simulation
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Step 2: Neural Network Design

o Data Input
m Data collection at 60 Hz
m Consideration for speed and angle
S m Accelerometer and gyroscope values
m Indoor floor tor normal road data  gig e 7. Edge TPU Equipped Model Vehicle  m Taking in a segment of data

Sample Data Input m 60 rows, each row with 8 numbers

= = o Data Output

m Binary classification
Speed, Angle, Accel X, Accel Y, Accel Z, Gyro X, Gyro Y, Gyro Z .
. 60 m O for normal, 1 foricy

o Data Split
m 110,000 total data points
m /0% for training
m 15% for validation

e Autonomous vehicles use is on the rise
o There are 31 million autonomous vehicles worldwide
o By this year, over 60 percent of new vehicles produced globally can
drive autonomously under supervision of the driver
e Environmental factors remain a danger to autonomous driving
o Black ice is a thin and transparent sheet of ice that forms on roads

o Over 116,800 people are injured and over 1300 are Kkilled in
accidents on snowy or icy roads annually in America
o More than 70 percent of Americans live in snowy regions
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Figure 12. Finalized recurrent neural network model with
110,000 datapoint dataset and 10 epochs of training yields
98.8% accuracy on the 16,500 datapoint testing dataset.

Confusion Matrix

8000

7000

6000

e Present detection methods )
Speed, Angle, Accel X, Accel Y, Accel Z, Gyro X, Gyro Y, Gyro Z
o Contact based methods
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m mmWave m Recurrent neural networks (RNN)
o Both achieve high accuracies
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Figure 13. Finalized convolutional neural network model with
110,000 datapoint dataset and 15 epochs of training yields
99.5% accuracy on the 16,500 datapoint testing dataset.
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Figure 14. Average inference time of the deployed convolutional
neural network on the vehicle is 0.75 milliseconds, with a
standard deviation of 0.13 milliseconds
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Figure 3. The Use of mmWave sensors to Detect
Black Ice in the Second Research
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