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Autonomous

Acting independently
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Autonomous Technology

Provides the ablility of a system to act
Independently of direct human control
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Autonomous Technology

Provides the ablility of a system to act
Independently of direct human control
under unrehearsed conditions






Capabilities of an Autonomous System
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Capabilities of an Autonomous System
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Capabilities of an Autonomous System
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Autonomous Technology — Balancing Responsibility

Computer

Responsibility

Degree of Autonomy
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Shuffleton’s Barbershop
Rockwell 1950

Bazille’s Studio
Bazille 1870




Autonomous Artistic Style Classification
Rutgers University

Perceive Image
an Feature

Extraction

[O{ Decide
& Plan
[‘oaﬁ Act

Machine
Learning
Classification

Style
Classifier
(SVM)

Genre
Classifier
(SVM)

Artist
Classifier
(SVM)
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Rockwell
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Where to add autonomy with perception?

- Analyze more data
= Reduce bias

= Improve measurement
guality

= Save time
= Improve performance

Determine
Loudspeaker

Quality

Virtual Semiconductor
Manufacturing Calibration
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Autonomous Service for Predictive Maintenance

CK] Sense

Which sensor values should they use?

Vibration Timing
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& Plan
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Autonomous Service for Predictive Maintenance
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Autonomous Service for Predictive Maintenance
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Machine Learning or Deep Learning?

Sensor 1
Sensor 2

Sensor 25

Sensor 1
Sensor 2

Sensor 25

Machine Learning Approach

— _ai._l@_>

Correlation

Analysis

Sensor a .'@
Sensor b — —
Sensor ¢ .
Feature
Extraction

Deep Learning Approach

Classification

Feature Extraction & Classification

ﬁ

ﬁ

4\ MathWorks

1. Normal

2. Monitor
3. Maintain

Output

1. Normal

2. Monitor
3. Maintain

Output
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Machine Learning and Deep Learning

4 Regression Learner - Predicted vs. Actual Plot

REGRESSION LEARNER

o B M om

B [&].

e . B @ M«

=lEy X

YRE LD DS

New Feature  PCA Quadratic  Cubic SVM Fine Medium Adanced  Use  Train  Response Predictedvs. Residuals  Export
Session v Selection SVM Gaussian .. | Gaussian ... Parallel Plot  ActualPlot  Plot Model +
FLE FEATURES MODEL TYPE TRANNG PLOTS EXPORT z
Data Browser ® Response Plot Predicted vs. Actual Plot Residuals Plot
~ History
NP Legend
13 Tree RMSE: 3.93 Predictions: model 2.5
Last change: Simple Tree 7/7 features ®  Observations
21 SUM RMSE: 3,51 45+ —— Perfect prediction
Last change: Linear SVM 7/7 features B
22 77 sum RMSE: 2.99 40 - How to use the predicted vs. actual
Last change: Quadratic SVM 777 features e °® o Blot
L]
.
23 77 SUM RMSE: 343 Er ® 3-,' e e
Last change: Cubic SVM /7 features 2 [] €. .
E 5 . h ] .
24 SVM RMSE: 3,98 S .,
@ 30+ £ L
Last change: Fine Gaussian SVM 777 features H] o §oSF o e
.
RIMSE: B L)
Last change: Medium Gaussian SVM /7 features }E’ 25 13- { S0
o . * . .
26 77 SUM RMSE: 3.03 o 50281 .«
Last change: Coarse Gaussian SVM  7/7 features  _ J )
20 8T, o'
.
* Current Model s
Model 2.5: Trained - L .-l
3 ® L
Results o,
RMSE 262 10
R-Squared 089
MSE 6.87 10 15 20 25 30 35 40 45
MAD 1.88 True response
Prediction speed ~26000 obs/sec ol

Dataset: cartable  Observations: 406  Size: 30 kB Predictors: 7 Response: MPG

Validation: 5-fold Cross-Validation

Regression Learner app

201/
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Configure and train models using

object detection algorithms
(R-CNN, Fast R-CNN, Faster R-CNN)

Leverage pretrained models for

transfer learning
(AlexNet, VGG-16, VGG-19)

Import models from Caffe

Train networks using multiple GPUs

cup (58,96 %)

coffeemug (30.18 %)

mixing bowl (10.19 %)

|‘-|trh-‘a|’ (0.25 %)
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Design Deep Learning
& Vision Algorithm

Deep learning design is easy

in MATLAB

Apps for Ground Truth Labeling,

Pixel Labeling

Pre-trained model importer

Training Visualization

‘F@@@lé@@@h

1111111 4

Accelerate and Scale
Training

R2017b Mega Release of Deep Learning Capabilities

Parallel Computing Toolbox

Train

4x faster than TensorFlow

(on TitanXP)

NVIDIA

High Performance
Embedded Implementation

GPU Coder

7x faster than TensorFlow
5x faster than pyCaffe
(on TitanXP)
2x faster than C++ Caffe
(on Jetson)

4\ MathWorks
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R2017b Mega Release of Deep Learning Capabilities

Design Deep Learning
& Vision Algorithm

=

NVIDIA

High Performance
Embedded Implementation

Deep learning design is easy
in MATLAB

Apps for Ground Truth Labeling,
Pixel Labeling
Pre-trained model importer
Training Visualization

Parallel Computing Toolbox

Train

4x faster than TensorFlow

(on TitanXP)

GPU Coder

7x faster than TensorFlow
5x faster than pyCaffe
(on TitanXP)
2x faster than C++ Caffe
(on Jetson)

4\ MathWorks
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What are the best predictors?

= Data-driven

= Model-driven & SAFRAN

Snecma

P& Demo_pronostic *
File Edt View Display Diagram Simulation Analysis Code Tools Hdp

i == Es @ — / ooy =
- - . - { o v Normal v > 4
(i3} i HE = s & & Inf
B Piot-block “Particle Fikerl” - Simulation step n"42 o @ e
File Edit View Inset Tools Desktop Window Help -
D8de kRO LL- (G088 (aD
Particles Weight
Treatment based « 100 » particles with AR order =10 and Pronostic duration ~ 200 Vols 0% 10% 20%
420 e rveriees ; : e T % AR
e H
\\
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Y i ;
10~ i e :
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Autonomous Glucose Level Management

bigfeet

BIOMEDICAL

1275

T 189 mg/d!

Well, hello
Sunshine. Wha
for breakfast?

NyE-
00
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Autonomous Glucose Level Management
Bigfoot Biomedical
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Autonomous Glucose Level Management
Bigfoot Biomedical
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Autonomous Glucose Level Management

Bigfoot Biomedical

\/
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Virtual Lab
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Target
Glucose
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Mobile App

Simulink, Stateflow
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Autonomous Glucose Level Management
Bigfoot Biomedical

==

\l/

Perceive

/|\

O{ Decide
& Plan

% |

Target
Glucose
Level

Mobile App

4\ MathWorks

Insulin Pump

Person

Continuous

Glucose Monitor

38



Autonomous Glucose Level Management
Bigfoot Biomedical
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Virtual Clinic
Generating data through simulation

Blood Glucose (mg/dl) CRC Protocol, Nominal, No Mismatch
STET WiFi = H 500 Purpose: Demonatrate expecied behawor dunng CRC protocol. Method:
e  mamn e WL . ) 1 Exercse, meal, bolus per CRC protocol. BR 24 Ulday, CR 10 g/U, ISF 40 mgsLiL.
400 ﬂjg egv n setpaint  ©  predictions | — Mo setings mamaich. Unmeaswed dsturibances, dwmnal sefiing vanatona, CGM
dinft, dropoata, cakbraton, and mescakbnaton. Expected Result: Mo
300 - - adverse sventa.
Autemat ar On
A4 i " _ .
180 Hour-of-Day p*, o*, setpoints
CSMj ICE 141 praa"=132
i NS ML TS s 120 p*=120
. setpoint=125
“ 70 100 L L h . . pHa*=104
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T T stae 25 - -—'—\—._l_‘_‘_
o ® 55U current | future \
= E . . . . . ctual
55¢ 40 20 16 .
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0.6 0.8 1 12 14 16 18 2
day
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Virtual Clinic
Scaling computations to simulate 50 million patients a day

Blood Glucose (mgld| CRC Protocol, Nominal, No Mismatch
600 Purpose: Demonsiste expecie behavor during CRC protocs. Wethod.
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Where will you get your data?

= Simulation

= Public repositories

= In the field

= Inthe lab

= Internet of Things (loT)
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Working with Big Data Just Got Easier

Tall arrays in MATLAB R2016b
Machine ! R201/a

| Memory |
o N\ A
1 e.g.
imEEnl >4~3gGB ||ﬁ1!1’ MAT file
Tl L T Simulink Model
|| L e.g.100GB~
1111 118 Stream large input signals from MAT-files
1. R201/a

Tall Data 43
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Autonomous Trailer Filling
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Autonomous Traller Filling

Decide

& Plan

Computer Vision Algorithms

Control Algorithms

3D Camera Image |

3D Scene Simulator
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Autonomous Trailer Filling

Embedded Platform

MPC5121e
B * Visualization

Perceive

/|\
Actuators
O{ Decide |
& Plan Q \
e L

Computer vision and
controls algorithms
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Autonomous Trailer Filling

Vehicle Display Controller

- * Driver Input
Sense 3D Cameras | : . Visualization
7 « Computer

h & Vision
./ : Controls
Perceive
b Embedded Coder

Actuators

e’

CAN

L] ECU

Computer vision and
controls algorithms

O{ Decide
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How will you put it into production?

« Embedded Systems
= [T Systems

= Cloud

= Desktop Apps

[4] Prozesskennzahl v15 | KohlertM

File User Timer Extra

: © Ubersicht
© M151
i Massedruckschwankung ExtC [-24h/1d]
© M152 i i
M153
© M54 |
| O m155 oaahit)
| © M1 Materialverbr. Ist-Durchsatz gesamt [-24h/1d] ID36508
© M157
| o 1 o} Label Value [
E 2 10001 Betriebspunkt | ]
© M159 10004 Stippe mit Loch | ] 1
k Fertigungsauftrag | ] 3
o
M) Rollen Nr. |
| O m182 ExtC_Inline_Regenerat IST_Anteil [-24h/1d] ID43463 E Massedruck A: 239
| 1 Massedruck A: Steigung 5
- M1SY Massedruck A: Schwankung 6
| O m1ss Massedruck 8 2%
| Massedruck B: Steigung 3
1 Lot Massedruck B: Schwankung 4
| © M273 Massedruck C: 233
] _ ‘ M; k C: St
| O m274 Stippe mit Loch > 30.000 [-24h/1d] assedruch E Steigung ; )
© M275
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Investments in Model-Based Design

Efficient code generation

Clones

1 1
I B e o BT
e e e e o 1 L~ . oy =
B =
I =} | Clones replzced with |
--------- | libnary block
- 1

B L | |

[ L T el

===

Floating-point HDL code generation

R2016b

Floating-point
Algorithm

HDL Coder
Native Floating Target-Aware
Point Mapping
Vendor-
Independent Altera/ Xilinx ~ Altera
ASIC/FPGA Soft IP Hard IP
RTL
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Investments in Model-Based Design

Floating-point HDL code generation

Efficient code generatig R2016b
= Clones
e

_______ S Target-Aware

& T e [ e—

"""" = | -
& > = Clones replaced with

= ;;l_ - [ library block Vendor-

-------- ’ e Independent Altera/ Xilinx  Altera

S g g B l === ASIC/FPGA Soft IP Hard IP

A o S RTL
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Investments in Model-Based Design

Code verification in support
of CERT C standard

“Inputs & Stubbing Find defects all —
~Multitasking q
~Coding Rules & Code |

% Bug Finder Analysis 9 [l Resouce imaige

#- | Programming

\/

~Reporting e il
- Distributed Computing = AcEL e
;

~Advanced Settings a ¥ Concgrrency
#- 1/ Security
#-[/] Tainted data

if (output v7 >= 0) { "
saved_valuesvﬁ output v7] = s8 ret;

xeturn =8 _ret assionment to element of static array (int 16): [-32 .. 112]
} array size: 127
return reset temp array index value: [0 .. 553]

CERTC
ARR30-C

Description Polyspace Code Prover

Do not form or use out-of-bounds pointers or array subscripts Array access out of bounds

4\ MathWorks

Detect and fix standards compliance
Issues at design time

i
gl

Analog Input(Delayed)

ror Signal

Transport
Delay
Digitized
Approxima
p x[4n] — x[4n] —» x[4n]
FIR x4 a FIRx4 b FIRx4 ¢
Decimation Decimation Decimation

R2016b

©) 54
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Capabilities of an Autonomous System
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How to build an autonomous anything

Look for autonomy in creative places
« Do more than manually possible

Focus on Perception

Use the Best Predictors ¢ Data-driven
 Model-driven

Get the Right Data * Reduce to actionable data
« Take advantage of Big Data
« Use simulation to supplement available data

Flow to Production * Address the architecture
« Leverage Model-Based Design for embedded
« Automate integration with enterprise IT systems
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What Is your
autonomous anything?



