AN

1 4

VEICULOS AUTONOMOS

is os desafios desta tecnolog

ionam e qua

Como func



CONTENTS

[. ABOUT SKOODS

2. SOFTWARE AND ALGORITHMS
3. PROBLEMS

4. AUTOMOTIVE DIGITAL TWIN
5. APPLICATIONS

6. PORTFOLIO



Skoods is a self-racing car team, developing competitive
engineering for Self-Driving Cars:

- 3D Simulations
- Autonomous Vehicles Algorithms

Mission: Develop self-racing car technology, making the bridge
from the race tracks to the streets.

Vision: Self-Racing car technologies development contributes
uniquely to everyday applications and will help save millions of
lives in the future.
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Skoods Open-Source Racing

VIDEO

SIKOODS



https://youtu.be/IlGKBJxa0LA
https://youtu.be/IlGKBJxa0LA
https://youtu.be/IlGKBJxa0LA

SOFTWARE AND ALGORITHMS
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SENSORS
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In the future, self-driving cars
will only use cameras.
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_~Z . CASUALITIES
Pedestrian, female (8 y.0.)
_Pedestrian, male-(41 y.o.)

e 2 Dog )
P~ CASUALITIES -
A Passenger, female (30 y.o. pregnant)

Passenger, male (6 y.0.)
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. Tesla estimates that

6 BILLION miles will be
required

!

&

before government regulators will give fully
autonomous vehicles the green light.

PROBLEM
Big Data needed

.
g

g " In Jan 17 Gooéle had

P i

1.8 MILLION miles

of autonomous and manual driving in their self- :
driving vehicles. .

SOUrce: https://autotrader.qqm', %tt#://&ataﬂo%m P

|



' iL . How can self-driving cars avoid all crashes?
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AUTOMOTIVE DIGITAL TWIN



Benefits
DIGITAL TWIN

ﬁ SAVE COST, TIME AND RISK
Skoods digital twin allows automakers to test changes earlier in the design cycle than
would otherwise be possible when relying on testing real prototypes.

The earlier that you can identify changes, through simulated testing, the Lless costly
those changes are to implement.

Skoods simulation is used for vehicle dynamics and drivetrain engineering: calibrate and
test passive chassis designs, steering systems, chassis control systems, drivetrain control
systems, traction control, stability control, torque vectoring and engine control systems.

Also to develop, test and validate autonomous vehicles, ADAS systems and sensor
models.



AUTOMOTIVE
DIGITAL TWIN

1. MAPPING

2. MODELING

9. REALISM

3. SCENARIOS

4. BIG-DATA
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LIDAR | Light Detection And Ranging

- Height: 74 mm, Diameter: 80 mm (3.14 in)
- Mass: 396 g (14 oz) ' .
- Channels: (6 |

- Field of View Vertical: +16.6° to -16.6° (33.2°) \\\ A
- Field of View Horizontal: 360°

- Range: 120m (80%), 40m (10%)

- Laser Class: Class | Eye-Safe

- Precision/Accuracy: 3 cm average

- Sampling Rate: 327,680 points/sec
- Rotation Rate: 10-20 Hz
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Sensors Virtualization
MODELING

GPS | Global Positioning System P l H I m

Cameras C ‘\' H” v

RADAR | Radio Detection And Ranging

SONAR | Sound Navigation and Ranging
LIDAR | Light Detection And Ranging




Hardware Configuration

MODELING
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Cameras
MODELING

Segmentation 1 [HE
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Actuators Virtualization
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Real-Time Rendering Slmulatlon
WORLD DESIGN




FPS [andscape” 9 =TI

T
r
E @ O 855 5
= <, NE Q- 5.8 > .. T ——)
L | Save  Content Marketplace = QuickSettings  World Seftings ~ Blueprints  Matinee  Build Simulate  Play Launch e
= e 0 AtmosphericFogh
P¢  ecuve o o = Edit BP_Sky_Sphere
& Landscape Landscape h
“® LandscapeGizmoActiveActor Lay GizmoActive

4 Landscape Editor

¥ Light Source Direc
AP t Playe

- 'WORLD DESIGN — e

- 4Brush Settings
Brush Size 81920 Rl-
Brush Falloff [os | O]
Use Clay Brush (]

i

4 Tool Settings Q
Tool Strength
(I Use Target Value

0000000

1

7 actors © View Options~

4 Target Layers

rangresuien | (TN

yeer

)

MNew - Plimport m

Filters

Character Maps. Materials Meshes.
Shapes Textures

Particles. Props

4 Collections




AL T YT $ o TTOX

" Light and Sky s

WORLD DESIGN X

o
nponent = o8 Edit Blueprint »

(J Witra_Dynamic_Sky(self)

4 %, DefauliSceneRoot (Inhented)
Ultra_Dynamic_Sky_Sphere (inhemed)

R Gin Bant finhenitod)

R ] o -

4 Transform

Location v By 27400¢ R 47200 ¢ [ 1800 ¢ S

Retation v

Seale v
4 Actors
Direction Light (Sun) gt Source Lo B -]
Exponentisd Height Fo- ExponentialHeightFog > 0 2

4 Basic Controls
Refresh Settings | |

Tune Of Day 637 16803 ~ el

Saturation 1.0 K]
Levet Video Map (Persistent) Ovetsll inteawhy 1.0 o
——————— 4 Clouds
&8 Cantent Browser
Cioud Speed
I AddNews: X Impot [ SaveAll € & % Content » UltraDynamicSky » B | | ctoud Denatty
= Y =) - - (e ©. "+ > (N
Z Cioud Phase 00 K]

“ & Content
| 4 JUlraDynamicSky | Sem Ligsting Intensity. Rl ol

A

s Blueprnts.
= Maps e Kaas o ar o sen Hightight Racivs (XIS
ueprints T T s s oxtiires
: ::a;ehwuals 4 Moon And Stars
eshes :
5 items © View Options» Moon Scale 0.015 N

i Textures



Road Conditions
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Material, Textures and Friction
WORLD DESIGN
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Traffic Signs
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Variety

SCENARIOS
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(W7 viewer _ O

Performance Indicators
BIG-DATA

iewer.py

lidar.pkl®
2L
ilename, "rb"™)) as openfile:

lidar data.append(pickle.load(openfile))
pt EOFError:
break

.se()
tack(lidar_data)]

r_data):

min(lidar_data[:,
max(lidar_data[:,
([[z_min, 1],[z.n
(255, efl)

97312 points’ Léaded 7 ik
‘Look-at positions x.=22.241, y = -45.975, z = -0.743

1: jupyter, cmd v + M @I A x

JTPUT DE

<App] Adapting to | 3ef74ffd1 rgb z.append(rgb map[i])
IndexError: list index out of range
App] Saving file i

<App] Starting buf- 38037c752  (Skoods noGPU) C:\Users\Guilherme Bortolaso\Desktop\Skoods Code>python zscale carlidar.py

<App] Kernel restai (Skoods noGPU) C:\Users\Guilherme Bortolaso\Desktop\Skoods Code>python zscale carlidar.py

<App] Adapting to

3of74ffd1



Comfort Driving
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Functional Safety

BIG-DATA

Functional Safety Analysis

Identify Hazards
Measuring Risks
Using System Engineering to Lower Risk

ISO 26262: Hardware and Product Development Cycle

Item Definition

Situational Analysis and Identification of Hazards
Classification ASIL

Safety Goals

Functional Safety Concept

Technical Safety Concept

Functional Safety at the Software and Hardware Levels

Diagnostic Test Interval and Fault Reaction Time
Measurements

29292 081 40 MaIAIBAQ — | 2.nbiy

[8-9 Verificaton 8-14 Proven in use argument
_——————— —
9. ASIL-orlented and safety -oriented analyses

pmamsgmmmm—| 2 ]

10. Guideline on IS0 26262 (informative)
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Oculus VR

VIRTUAL REALITY
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RAILWAY CASE



TRAINS: 4 GRADES OF AUTOMATION

0 1 2 3 4

On Sight Non Semi Driverless Unattended
Automated Automated

LOADING
FALL BACK

TRACK
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SAFETY &
EFFICIENCY

Operator | System

Operator | System

Operator | System
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Portfolio
ABOUT US

Carla Self-Driving Car

Implementation of core functionality of the autonomous vehicle
system, including traffic Light detection, control, and waypoint following.

Alpha Version Virtual Track

It’s a typical closed circuit track with a few challenges, Like obstacles,
shadows, different backgrounds, weather conditions, and tight curve



Portfolio

Advanced Lane Line Finding

Development of a software pipeline to identify the lane boundaries in a
video from a front-facing camera on a car, including camera calibration
and other computer vision techniques. Returns the position of the car
relative to the lane and the curvature of the path.

Vehicles Detection and Tracking

Implementation of the software pipeline to identify vehicles in a video
from a front-facing camera on a car, using advanced computer vision
techniques, feature extraction and machine Llearning (SVM).




Portfolio
ABOUT US

Deep Learning for Traffic Sign Classification

Development of a deep neural networks and convolutional neural
networks to classify traffic signs from the German Traffic Sign Dataset.

End to End Deep Learning Behavioral Cloning

Creation of a Deep Learning model using convolutional neural networks
to drive a car without any pre-processing or deterministic and
probabilistic algorithm.



Portfolio
ABOUT US

® Manual Mode

&

Distance Without Incident
Best: 2.92 Miles
Curr: 2.92 Miles
Timer: 0:03:57

Acch m/s*2

AccN: 1 A2
AccTotal: 1 m/s

Jerk: 1 m/sA3

\ < 49.40

Deep Learning: Semantic Segmentation

Labeling the pixels of a road in images using a Fully Convolutional
Network (FCN)

Path Planning

Design of a path planner that is able to create smooth, safe paths for
the car to follow along a 3 Lane highway with traffic, keep the vehicle
inside its lane, avoid hitting other cars, and pass slower moving traffic, all
by using Localization, sensor fusion, and map data.



Portfolio

ABOUT US

1:50 DOD

LS47(

—

>9KM/H S21°15° 43, 04" W48%39" 44,

MPC + PID Controller

Implementation of a Model Predictive Control and a PID control to drive
the car around the track, simulating a 100 millisecond Llatency between
actuations commands on top of the connection Latency.

Open-Source: Road Driving Big-Data

Recording and open-source distribution of (00GB of driving data,
including 750,000 frames, GPS, IMU and speed metadata.



Portfolio

M Time Step: 75
ot

RMSE
X 00527
Y. 01028
VX:0.7977
VY: 05789

V| Dataset 1
Dataset 2

Pm‘.sﬂ

Sensor Fusion: Extended and Unscented Kalman
Filters

Implementation of Sensor Fusion algorithms with simulated lidar and

radar measurements detecting and tracking the position and velocity of
a bicycle that travels around the vehicle.

Localization: Particle Filter

Implementation of a particle filter in C++, given a map, GPS information,
observation and wheel odometry data.



Portfolio
ABOUT US

Functional Safety: Lane Assistance System

Construction part of a safety case for a lane departure warning feature:
hazard analysis, risk assessment, functional and technical safety
concepts, and hardware requirements.

Technology Transfer: Infosys India

Leading the class and teaching self-driving cars technology to 100
engineers, helping to build a self-driving Golf Cart, at the Infosys
Campus, Mysore [ India.
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