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Autonomous System

A system that functions independently or in a supervised manner Platform

and operates under conditions of uncertainty, in an unknown and

unpredictable dynamic environment
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Model-Based Design (MBD)
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Automated Driving - Sensors Definition
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Multi-object tracker to develop sensor fusion algorithms
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Fuse detections with multi-object tracker
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What is Deep Learning ?

Perception

Deep learning is a type of machine learning that performs end-to-end learning by

learning tasks directly from images, text, and sound.

1. Train a Deep Neural Network from Scratch

CONVOLUTIONAL NEURAL NETWORK (CNN)

LEARNED FEATURES

2. Fine-tune a pre-trained model (transfer learning)

FINE-TUNE NETWORK WEIGHTS

% PRE-TRAINED CNN H NEW TASK {
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Network Analysis

Network Analyzer Confusion Matrix

4 Deep Learning Network Analyzer = = 4] Confusion (plotconfusion) = B
net Eile Edit View Inset Tools Desktop Window Help L]
144 8 0A 00
Analysis date: 22-Apr-2018 11:40:40 5 wamings ermors
I — Confusion Matrix
- 4| ANALYSIS RESULT )
T + | NAME TYPE ACTIVATIONS LEARMABLES
-1 244
: pooli-n.. TELT " Bigtl'LICkS 255 ] ] 3 7 96.::
12 |inception_3a-5x5_reduce Convolution 28x28x15 Weights 1x1x192x18 B.8% 0.0% 0.0% 0.1% 0.2% 3.8%
® conva-3... 18 131182 convolutions with stride [1 1] and padding [00 0 0] Bias 1x1x16
1
& conva-r... 1 |inception_3a-relu_5x5_reduce RelU 28x28x16 -
ReLU
1 : - 0 861 12 3 0
# conv2-3x3 20 | inception_3a-5x5 Convolution 282832 Weights 5=5xlg=32
Y 32 Bx5:16 convolutions with stride [1 1) and padding 222 3] Bias Ax1x32 0.0% 29.8% 0.4% 0.1% 0.0%
# convz-r... 21 | inception_3a-relu_5x5 RelU 28x28x32 -
7 RelU
: semen z2 | inception_3a-pool Max Pooling 28x28=152 - 7] Suvs it 32 1037 16 3 95.20
<3 max with stride [ \adding 7]
A gooiza. 3x3 max pooling with stride [1 1] and padding [1 11 1] E 0.0 110 35.90% 0800 018 4.8
o ¥ W ) 23 inception_aa—poo\_ JJroj_ ; ; Convolution 28x28x32 u?ights 1x1x192x32 [}
w-ioapto...# ncaptio.® incaptia # inceptio. 32 1x1x182 convolufions with stride [1 1] and padding [0 00 0] Bias Ix1x32 -tjl
7 T T T 2¢ | inception_3a-relu_pool_proj RelLU 281832 - E—
# inceptio...® inceptio...® incepu’o...+ inception_3ja-pool_p RelU S Trucks 8 4 7 393 5
1 1 i 25 | inception_3a-output Depth concatenation | 28x28x256 - 0.3% 0.1% 0.2% 13.6% 0.2%
@ inceptio ..® inceptio... @ inceptio. .. Depth concatenation of 4 inputs
! 1T 1 2 | inception_3b-1x1 Convolution 28%28%128 Veignts 1x1x256x128
& inceptio.. @ inceptio.. p 128 1x1x256 convolutions with stride [1 1] and padding [0 0 0 0] Eias 1=1=128
i F o 5 1 1 2 235 Q6.3
T wngentio... 27 |inception_3b-relu_1x1 RelLU 28x28%128 - Vans 024 0.0% 0.0% 0.1% 8.1% 3708
— — ReLU : : : : : S
Dl . N
winceptio.. @ inceptio.. @ inceptio - inceptio. . 25 | inception_3b-3x3_reduce Convolution 28x28=128 Weights 1x1x256=128
T T T T 128 1x1x258 convolutions with stride [1 1] and padding [0 00 0] Bias 1=1=128
¢ inceptio...@ inceptio...§ inceptio... § inceptio. 22 | inception_3b-relu_3x3_reduce RelU 28x28%128 - 98.1% 96.2%
:ince tio :ince tio :ince tio — il S
pia...p inceplio..-y incepna... 30 |inception_3b-3x3 Convolution 28%28%192 Weights 3x3x128+192
1 1 1 162 2x3x128 convolutions with stride [1 1] and padding [11 1 1] Bias 1%1x192
& incepfio...® inceptio..
N =1 |inception_3b-relu_3x3 RelLU 28%28%192 - alf" @}“’ @y\(" oalg’ ,bS‘*’
~ e RelLU <~ C <8 &
ptio... .\q
T v 22 |inception_3b-5x5_reduce Convolution 2828532 Weights 1x1x256x32 @
4 ] 32 1212258 convolutions with stride [1 1] and padding [000 0] Bias Ax1=32 W Ta rgel CIHSS

Svystematics <@ MathWorks: | Teghnical Computing &




R-CNN Vs. Semantic Segmentation

Regions with Convolutional Neural
Network Features (R-CNN)
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Planning

Path Planning

System Level Representation

Actuator
| Map Path Commands
Initial Pose Planner Controller ==
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Ground Robots % Only for differential

robots

>> robotics.PRM

Probabiistic Roadmep: | I
i . -exploring random tree (RRT)

[
RRT/RRT* ADAS, Manipulators % Only for vehicles (3D)
2 >> pathPlannerRRT
¥
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Hybrid A* % RST in future release
Polynomial Interpolation Automotive, Ground Robots, % General functions
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¢ Model-Predictive Control Automotive, Humanoids % MPC Toolbox
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Path Control

System Level Representation
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Vehicle Modeling
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Path Control — Explore Built-In Algorithms

Path Follower Robot Model o«
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Y [Flclassdef PurePursuitBase < matlab.System
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FarFromGoal
P
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Close To Goal The pure pursuit controller is a geometric controller for following

a path. Given a set of waypoints, t,':;le pure pursuit controller
computes linear and angular velocity control inputs for a giwven
pose of a differential drive robot.
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Multi-domain Simulation
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Physical Modeling Environment

o s R o o o - = :
File Edit View Display Diagram Simulation Analysis Code Tools Help File Explorer Simulation View Tools Window Help
ARE Wes X WPII AT | | HE|viewconvention: ~|| &|E]e <+ AL 7O ~|

B J Mechanics Explorer-husky_PurePursuit_PID_SPSMotors_contact ;\T]

- -
ad

husky_PurePursuit_PID_SPSMotors_contact |

Elhusky_PurePursuit_PID_SPSMotors_contact >

OEEUNES|e

e
3

Powsr Elactranica.

Pure Pursult With Stop.

Path Tracking, Low Level Control, Power Electronics, and Mechanics ]

Technical Computing &

" MathWorks: | Model-Based Design

Systematics




Sign Recognition with Collision Avoidance
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Vehicle Dynamics

Automotive Aerospace
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Extensive Hardware Support & Customization

MA-Q'AB Simulink  Embedded HDL GPU
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Autonomous Systems Technologies - Summary

Position Estimation Mission Planning
« SLAM « Decision making
« Map representation « Path and motion planning
» Occupancy grid  Collision avoidance
- State estimation « Path following Platform
. . Sense
Localization Planning _
Perception
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Lg Control
Perception Controls
Connect
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SNSor TsIon « Cameras  Motion Control cegnack contrals
» Deep learning « RADAR . Actuators » Mode logic
* Object detection . LIDAR « Gain scheduling
» Object tracking . GPS  Trajectory tracking
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