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> PhD Student — XXXIV cycle
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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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Virtual sensing
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Sideslip angle estimation and road condition identification with ANNs
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Sideslip angle estimation and road condition identification with ANNs

Regression tasks — Sideslip angle estimation
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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) g
:
=  This buffer is emptied and refilled with a frequency of 10Hz, that, =
consequently, is the updating rate of the output. E
9
TN i .
| e i oudtput (jj?(n) et

! n road condition

i T (DRY, WET, ICY)

I |

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

Regression tasks — Longitudinal speed estimation

NARX ANN
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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

each drivin
locking or spinning phase of the tyres &

condition has its
proper fuzzy system
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) Vehicle speed is accurately estimated

also in the case of spinning or skidding
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Autonomous Driving
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Autonomous system layout
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LiDAR-based perception

U Method
= Semantic segmentation of LiDAR point-clouds

* Ground removal is performed with an iterative intelligent algorithm RESULT

raw point-cloud

filtered point-cloud
T S~

e ————— g N
! filtered point-cloud
e | 5|:|' '
=N o o
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LiDAR-based perception

O 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

O Results
= Clustering of points is performed to detect traffic cones in real-time
= A 2Dlocal mapis created

END OF THE TRACK

T
_RIGHI CURVE -
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Stereocamera-based perception

O Method ‘

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

] SSD MobileNetV1 — classical structure

Depthwise Convolution

Table 1. MobileNet Body Architecture X

Type / Stride Filter Shape Input Size
Conv /52 Ix3Ix3x32 224 % 224 % 3 e @
Conv dw / s1 3 %3 x 32dw 112 x 112 x 32
Conv /51 Tx1x32x64 112 x 112 % 32 |:> o _
Conv dw / 52 3 x 3 x 64dw 112 x 112 x 64 Pointwise Convolution
Conv /sl 1x1x64x128 56 x 56 x 64
Conv dw / s1 3 x 3 x 128 dw 56 x 56 x 128 BN \_ Dyx Dy conv Fo—~
Conv /sl 1x1x128 x 128 56 x 56 x 128 1x1 conv
Conv dw / 52 3 %3 x 128dw 56 x 56 x 128
Conv / sl 1 1 x 128 x 256 28 x 28 x 128 @ T
Convdw/sl | 3x3x256dw 28 x 28 x 256 |::> |::>
Conv /sl 1 x 1 x 256 x 256 28 x 28 x 256
Conv dw / 52 3 % 3 % 256 dw 28 x 28 x 256
Conv /sl 1x1x 256 x 512 14 x 14 x 256 —
SXCOm«'dwf.sl 3 x 3 x512dw 14 x 14 x 512 . .

Conv / s1 1x1x512x512 14 x 14 x 512 * : *
Conv dw / 52 3 x 3 x512dw 14 x 14 x 512
Conv /sl 1x1x512x 1024 Tx7x512
Conv dw / 52 3 % 3 x 1024 dw 7 xTx 1024
Conv /sl 1x1x1024 x 1024 | 7 x 7 x 1024 ot
Avg Pool / sl Pool 7= 7 TxTx1024 I::>
FC /sl 1024 % 1000 1x1x 1024
Softmax / sl Classifier 1 x 1 x 1000
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Stereocamera-based perception

O SSD MobileNetV1 — transfer learning It’s a horse!

airplane ‘l_‘-.!’ ' 4 .l;‘_’

automobile Eggﬂ?ga

bird EA <} " i
ol Transfer Learning
w  HAANESEEES

«  EEsIsBAE Tasxl
w HEERSNEEDANE N
horse .!Emzugig: ;
o SECEe=EMg s | paa Head Predictions?
- JNGNBESENG oo CNN | |
J
Traffic cones Knowledge transfer l
set of images is used Task 2
. ~
for transfer learning

Data2 ’ Predictions2 ‘ .

It’s a blue cone!
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Stereocamera-based perception

(J Result

Depth-map matching with stereoimage is performed to estimate the distance of the bounding boxes
= A 2Dlocal mapis created

12

_ g10 ®
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2 1 2 2
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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, 8] = [0,0,0]).
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Trajectory planning with RRT — Results on a straight road

In cooperation with PhD student: Sara Luciani

Acceleration command

Goal definition Path definition 20— .
T 25 T T T 20
L 18
- A 20 | 116 10 .
L ‘ 14 - 7
1 |
\‘ 12 )
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| 1 | 1 1 1 1
| 0 1 2 3 ) 5 5 7 s a 10
- | 10 _
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e g
. 10 L 1s Vehicle Controller'SteerCmd
15 Vehicle Model/CurrSteer |
1
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Future work and research plan

%EVI
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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17/05/2019) — undergoing PCT application
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(accepted for publication — online on April 2021)
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Thank you for your attention
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