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B.Sc. in Electrical Engineering      (2016)  @ PoliTO
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Main research area

Design, modeling and control of Autonomous vehicles

SIDE PROJECTS

o Design of intelligent algorithms for the estimation of vehicle dynamics parameters (sideslip angle and longitudinal speed)

o Design of intelligent algorithms for the estimation of the SOC and SOH for Lithium batteries in automotive industry
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List of contents

❑ Assisted driving: virtual sensing 
▪ Sideslip angle estimation and road condition identification with ANNs
▪ Longitudinal speed estimation with ANNs
▪ Longitudinal speed estimation with Fuzzy Logic

❑ Autonomous driving: perception, localization and planning 
▪ Autonomous system layout
▪ Perception pipeline with LiDAR and stereocamera
▪ LiDAR-based perception
▪ Stereocamera-based perception
▪ Trajectory planning - RRT algorithm
▪ Trajectory planning with RRT – Results
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Virtual sensing
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Sideslip angle estimation and road condition identification with ANNs

❑ 2) Road Condition Identification

❑ 1) Sideslip Angle Estimation
Regression ANNs

Classification ANN 
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Sideslip angle estimation and road condition identification with ANNs

Time [s]

TEST – Constant ay / Constant Steer / Throttle Ramp TEST – Racing / ESC off  / Handling Lap

Time [s]

Regression tasks – Sideslip angle estimation
NARX ANN

2

2

Average Relative Error

< 2%
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Sideslip angle estimation and road condition identification with ANNs

Classification tasks - Road condition identification
Pattern recognition neural classifier

▪ The sampling rate is 100 Hz.

▪ The classifier processes the predictors stacked in a buffer
containing the acquisitions of the last 2 s. (features extraction)

▪ This buffer is emptied and refilled with a frequency of 10Hz, that,
consequently, is the updating rate of the output.

input x(n)
64 features extracted from:
- Long.Acceleration; - Lat. Acceleration; - Yaw Rate; - Long. Velocity of the wheels

output ෝ𝒚(n)
road condition
(DRY, WET, ICY)
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Sideslip angle estimation and road condition identification with ANNs

Transient from DRY to WET asphalt and viceversa Transient from WET to ICY asphalt and viceversa

estimated

reference

estimated

reference
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Longitudinal speed estimation with ANNs

INPUT SIGNALS

RESULT

Regression tasks – Longitudinal speed estimation
NARX ANN

d

d
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Longitudinal speed estimation with Fuzzy Logic

Fuzzy architecture
exploits the lateral and longitudinal acceleration
information to avoid errors caused by a possible

locking or spinning phase of the tyres

RESULT

reference

fuzzy

mean value

Vehicle speed is accurately estimated
also in the case of spinning or skidding

each driving
condition has its

proper fuzzy system
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Autonomous Driving
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Autonomous system layout

IMU/GPS 
sensors

Vehicle localization

Local 
mapping

Global 
mapping

Trajectory
planning

Perception

VLP-16 Lidar

/velodyne_points

Dspace Micro AutoBox

LOCALIZATION

PERCEPTION
MAPPING

CONTROL

Vehicle Odometry

/lane_boundaries
/global_map
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LiDAR-based perception

❑ Method
▪ Semantic segmentation of LiDAR point-clouds
▪ Ground removal is performed with an iterative intelligent algorithm RESULT

filtered point-cloud

raw point-cloud

raw point-cloud

filtered point-cloud
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LiDAR-based perception

❑ Through an intelligent iterative procedure, the ground plane is identified and removed. 
Seed points are iteratively generated and added to the ground plane set of points. 
Clusters (in red) can be identified with any distance-based classification algorithm
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LiDAR-based perception

❑ Results
▪ Clustering of points is performed to detect traffic cones in real-time
▪ A 2D local map is created
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Stereocamera-based perception

❑ Method

▪ Convolutional neural networks
▪ Based on single shot detector MobileNetV1
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Stereocamera-based perception

❑ SSD MobileNetV1 – classical structure
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Stereocamera-based perception

❑ SSD MobileNetV1 – transfer learning

Traffic cones
set of images is used
for transfer learning

It’s a blue cone!

It’s a horse!

CNN

CNN
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Stereocamera-based perception

❑ Result

▪ Depth-map matching with stereoimage is performed to estimate the distance of the bounding boxes
▪ A 2D local map is created
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Trajectory planning – RRT algorithm

In cooperation with PhD student: Sara Luciani

On the basis of the goal calculated for the specific frame (frequency of 10 [Hz]), a search tree with Rapidly-
exploring Random Tree using Dubins curves is built.
To choose the path that the vehicle has to follow, a reverse intelligent process is carried out:
1) the closest node of the search tree to the goal is found;
2) the path is travelled from this vertex till the origin, where the vehicle is located ( 𝑥, 𝑦, θ = 0,0,0 ).

GOAL
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Trajectory planning with RRT – Results on a straight road 

In cooperation with PhD student: Sara Luciani Acceleration command

Steering command
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Future work and research plan

o functional testing and safety integration of investigated systems

o software integration of the systems in the racing vehicle

o continous experimental validation of the perception algorithms in the structured environment

o autonomous vehicle extensive testing in the structured environment

o an autonomous vehicle Student Team will be built as an outcome of the presented results
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Shortlist of my relevant patents and papers in CARS @ PoliTo
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Thank you for your attention


