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BuildinglQ

-

Time of Use
Energy Prices

( )

Weather

[\ ETETe [

Services & NOC
AT Price
Signals

Open Access Platform \ 3

Running Client Software = )
Optimal [ E — - Piice
; Control Secure Optlmlzatlon Signals
» Strategy Servers Program

Tenant ; '. g ‘ 4 o
Comfort ! 5
o) Comfort

Demand
Response

Current
Building
Condition
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Iz

\
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What it does?
SAVES ENERGY
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Embedded Algorithms for Interpreting Blood Type Results

GRIFOLS | | MDmulticard®

ABO-D-Rh
subgroups-K
for patients

p—

REF LoT] 2
210500 1033 2018-01

105001033180102¢25

What it does?
SAVES TIME

MATLAB EXPO 2019
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Augmented reality visualization of blood flow

y SRR
(€1 Beri Sirmacex 2018 \

What it does?
SAVES LIVES

MATLAB EXPO 2019



Digital Transformation

Time of Use
Energy Prices

Weather

Managed
Services & NOC

Secure Optimization
Servers Program

MATLAB EXPO 2019

GRIFOLS

4\ MathWorks

MDmulticard®
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for patients
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Digital Transformation

“Sample-size 1” - Increasingly individualized products

“Smart products” - Autonomous machines that do not require costly
programming to meet new requirements

Intelligent products that collect data to optimize
processes and develop new products

“Servitization” -+ Opportunities for innovative business models
and services

MATLAB EXPO 2019
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What Tomorrow’s Engineer Needs to Know

Algorithms: e.g., Controls, Signhal Processing,
Optimization, Computer Vision

Abstraction, Modeling, and Simulation
AND

Multidomain System Development
AND

Distributed and Connected Systems
Using Cloud Platforms and Big Data Processing
Al and Data Science

MATLAB EXPO 2019



Project-Based Learning with MATLAB and Simulink

O ol Treat engineering students like engineers

=
S0 1)

. i
QeI

Hands-on experience of working on hardware and software
Solve authentic problems in myriad contexts
L S— Increase student interest and improve learning

oooooo

https://www.mathworks.com/hardware-support/home.html
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Today’s Topics: Three Exercises to Develop That Know-How

Quadcopter
Simulation

* Develops Computational
Thinking

» Enables comparisons of
theory and simulation

« Automatically generates
controller code

MATLAB EXPO 2019
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Today’s Topics: Three Exercises to Develop That Know-How

Quadcopter Arduino
Simulation Mobile Rover

* Develops Computational * Model-Based Design
Thinking for autonomous venhicle

« Enables comparisons of * Integrates controls,
theory and simulation WiFi, path planning,

- Automatically generates and localization

controller code * Low-cost hardware

MATLAB EXPO 2019
10
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Today’s Topics: Three Exercises to Develop That Know-How

Quadcopter Arduino Triplex Pump

Simulation Mobile Rover @ Digital Twin

» Develops Computational * Model-Based Design « Complex industrial
Thinking for autonomous venhicle application

» Enables comparisons of * Integrates controls, « Combines engineering
theory and simulation WIiFi, path planning, and data science

« Automatically generates and localization « Can leverage cloud
controller code * Low-cost hardware computing

* No hardware required

MATLAB EXPO 2019
11
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Today’s Topics: Three Exercises to Develop That Know-How

Quadcopter
Simulation

* Develops Computational
Thinking

» Enables comparisons of
theory and simulation

« Automatically generates
controller code

MATLAB EXPO 2019
12



|Quadc:opter Simulation

MATLAB EXPO 2019

7

Develop Understanding of
Technical concepts

N\

Plant Modeling

V

4 Hand h

Derivation

MATLAB
Simulink

Symbolic
Math

(CommerciaI\
CAE

Simscape
Multibody

[ Comparison ]

Control System Design

{

[Code generation for]
deployment

‘ MathWorks' w2
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| . 4\ MathWorks
Quadcopter: modeling —part 1 Develop Understanding of

Technical concepts

— [ Piant Modeling

% O3S iz '7"': i Ph b ousErs EV v Pres » 2018 DiEDU_Semrnar 'iﬂ?_&,&uadicpter » Task_Lagrange_quad_pend * - v B
22 aanr U PiLnew S, L B3 B wsy 2 cunn Pouts P see Posvsp P s 12U anar P2 wenusD B3 rabx 224 DRCoar B2 FRAME 22k ousdPEND 3 WECH_CT B coMO_sul 2 3
5 & Leve Editor - 09 bhbosers EVVRA2NTBAEDU | Semims(\PRES (2 Owerdmopdels sk Lagrange qrmad_rend\hih_explore LAG, ermm fne qued ittt PEND s T H %
= — S s——
F bh_explove LEG_swm_jor_qued with_PERD.ml | b syl s CLsiy + Commercial
E : - e -, ~ =
E Task Lagrangian approach for deriving Eoms for a 'E—{ Derivation CAE
Quadcopter balancing a pendulum "
= b MATLAB
Simulink Simscape
> “ B Symbolic Multibody
¥ § " 4 Math
\ = . 0. Tz:T‘ -
" - P CAS I
4
-

In this task were going Lo [ook a how the Lagrangian Dynamics approach can be used
i gerne the equations of moiion oF 8 quadcopier balancing an iNvert2g penguliim
Steps that we'll take will iInclude’

Comparison

» \What Is a PASSIVE rotation matrix 7

« Hovi g0 | Consiruct a Direcian Cosing Maire (DCM) Trom a glven raigton
sequence ? Control System Design

= Whal is the relgtionship between BODy rates and EULER rates ?

« Vhatis the KE and PE of just the airframe ?

= What 18 the KE and PE of €ach rotor+Propelier assembly ?

« Apply Lagrange's efuaiion o derive the svstem Enlis - - -
, e : - Code generation for

| script Lo 147 ol 2 deployment
MATLAB EXPO 2019
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| Quadcopter:

|
|

modeling — part 2

4\ MathWorks

Develop Understanding of
Technical concepts

*& bh_compare_hand_to_SM_qusd_pend - Simulink — X
Plant Modeling
- L] ([ . v
bih_commare_Hamd_to SMquad pend EYES_STMSCAPE oot _SYS Farce_Mament TMDS EYES. PROF_and’ VEH EYES_LAGRANGE CONPARE, SIMSEARE vs_L4GRANISE
= || ¥l Bhocompard_hana 1o-SM auad_pena b ¥
— I | I e et A Hand Commercial
TooEL Sve Derivation CAE

MATLAB

Simulink

HANE _BERIVEE _MODEL

Simscape

Symbolic Multibody
- S Math
CONT 5Y5 AT
Force.-Moment_cMES! COMFONENT DL L an QUAD and PEND wih_gjsn_mlors )
—_— it Outt el THRUST apTPe-simmei ot e
Gray FFWE| 131
. B _aigimi_och Wz . VEH g _PEND BLUS P

EVES SIMECAPE T Rall_CuD

I

ﬁ E!l,lf_] WHOT, signag_co WHIOT _ swyrwsd / .

e | e Fch oo I e gt Comparison

e W_anar_seums b

T3 Y. OMD) P

EYES. LAGRANGE -1 M e o e 53]

R ] T _

Lol Control System Design
[ —
LE
= | -

_ : [ Code generation for ]

Read) View 7 wamitge oo

MATLAB EXPO 2019

deployment

15



| Quadcopter:

D’i bh_compare_hand_to_S5M_guad_pend - 5

modeling — part 3

4\ MathWorks

Develop Understanding of
Technical concepts

File E Display Diagram  Simulation  Analys Code T Help

=& =T 1= Betamal " Plant Modeling
bh_compare_hand_te_SM_guad_pend EYES_SIMSCAPE CONT_SYS Force_Moment_CMDS EYES_PROP_and_VEH EYES_LAGRAMGE COMPARE_SIMSCAPE ws LAGRANGE
® ii]bh_compare_hand_to_SM_quad_pend »
Q SIMSCAPE_MODEL: [ Hand \ CommerCIaI
= Derivation CAE

GO S CONT_SYS
== Force_Moment_CMDS TR T
=
- THRUST_E:I'«-'ID_I_b - [4x1] - MATLAB .
= R oet] Simulink Simscape
! Wbz . .
O TQ_Roll CMD [ Symbollc MU'thOdy
e wMOT_signed
Mbz_signed_col ge M at h
: BUS
bl TQ_Pitch_CMD 1l =
|_Pitch_ 12 EYES_PROF_and_VEH
Frop_BUS
whOT_signed_col whOT_signad
T Yaw_CMD
VEH_and-PEND_BUS
MODEL_SYS
Comparison

ble click

o

AD the HAND DERIVED MODEL:

ol LA

SRT DS RESULTS mat Control System Design

CONT_SYS
W_MOT_CMDS1
CONT_S¥S = =
I‘E_El Force Moment CMDS1 ) ax) COMPOMNENT_MDL_Lag QUAD and PEMD_with_spin_rotors
l;i 1 outt THRUST_gwp' B2-signed_ecl ]

« |
Ready View 7 warnings 100% Code generat|0n for

MATLAB EXPO 2019

deployment
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| _ : .
Quadcopter: Control Design Develop Understanding of
Technical concepts )
— @ Y
! SHORTCUTS LIVE EDITOR INSERT VIEW Search Documentation ,0 Plant MOde“ng
GeEpEA E » C: » bh » users EV » Pres » 2018 » EDU_Seminar » PRES_02_Quadcopter » Task_Lagrange_quad_pend » v P
. B AanT B3 P1new S, SL F B9 B @ Biwsu 2 curtin 24 uts P elec P sysp P sMp ) 4bar 2% webQUAD P2 robXx P DRCcar 2 FRAME ) quadPEND ) MECH_CT 2} cdma_sol » @
g @ Live Editor - C:\bh\users_EV\Pres\2018\EDU_Seminar\PRES_02_Quadcopter\Task_Lagrange_quad_pend\bh_lag_quad_and_PEND_do_control_design_DISCRETE.mix ® /[ X
S | bh_lag_quad_and_PEND_do_control_design_DISCRETEmb ¢ | + | )
B & - & - Hand h (Commermal
3 Trim, Linearise and design a Control system for the U = | Derivation CAE
Lagrangian quadcopter and PENDULUM model: a
Vo Dy T : MATLAB
IO Simulink Simscape
| ————p—— Symbolic Multibody
[+ = 'COMPONENT_MDL_Lag_QUAD_and_PEND_wih_spin_rotors
; v Lo (ot ] oy cu ool
e
[4x1] TX51) Hl"ﬂ .
, Woz_signed,_ ool = Moz VEH_ana_PEND_BUS - =
-YOJ".—-—’-—.-W&W (o711 | TQ st CMD
ot st 1l s Comparison
SR B | S A
'.MW—,E ;
Donie ek
. ey i Control System Design
Ready 123% ode2:
By ! _ ———., - Code generation for
- script [Ln 50 Col 13 .
deployment

MATLAB EXPO 2019
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Quadcopter: Code generation for Develop Understanding of

deploym ent Technical concepts |

"i bh_SM_quad_and_PEND_discrete_ CONT - Simulink 3 o

File Edit View Display Diagram Simulation Analysis Code Tools Help

Plant Modeling

v v v = v > L v |200 Normal e ¥ o

Model Browser v= ¥ X CONT_SYSForce Moment CMDS  SM_EYES bh_SM_quad_and_PEND_discrete CONT X  EYES_PROP_and VEH acirclel * THRUST_FUSE *  prefiterl * CONT_SYSVIAP|
v [%a] bh_SM_quad and PEND dis ¢ [Pabh_SM_quad_and_PEND_discrete CONT b I [ N\ 7/
v [P caw Hand Commercial
2l CONT_SYS Force_M SIGN_CONVENTIONS . [ CAE
 smEves Derivation

[Pa] commenTs_on
Doubse cliak
16

> CONT_SYS W_MOT

Grav_FFWD
> EYES_PROP_and_VEH
[Pa] Load_veHICLE PARAME
Load VEHICLE PARAME
v [pa] mMopeL_svs
SIGN_CONVENTION
v [Pa| bh_6DOF (simscape
> [*a] 6DOF_JOINT S —
> [Pal PenD_sYS < »

> [ba] propellers —

@ echo_MASK_par
[Pa| sar ) Tbz_signed o=
SIGN_CONVENTIONS o1 B ] xvz o XYZ_CMD

SM_EYES [ 3] Tt .
= Mbz_signed

[Pa] xvz cMD_LMITS (3x1)

> [Pa] a_dirclet [x1) -

[3x1) |2
[3x1]

}fur sm\ b
=
aramaisrs e > 3 Simulink Simscape

Symbolic Multibody
Math

O®@EES

Comparison

v v

- wMOT_sagned

[4x1]} =
Out1 VEH_and PEND_BUS

SUT_BUS

a_circle1

Control System Design

Out1

= &

. 13(51)
5 ........................................ %
SAR

< >| » = Code generation for
Ready i — deployment

MATLAB EXPO 2019
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Today’s Topics: Three Exercises to Develop That Know-How

Quadcopter Arduino Triplex Pump
Simulation Mobile Rover  Digital Twin

* Model-Based Design
for autonomous vehicle

* Integrates controls,
WiFi, path planning,
and localization

* Low-cost hardware

MATLAB EXPO 2019
19



Arduino Mobile Rover in Action

4| Figure 2: Map of the Robot

File Edit View Insert Tools Desktop Window Help ~

Dedde | @ (06| K[E

100

90

80

70

60

50 r

40 1

30 1

20

MATLAB EXPO 2019

&\ MathWorks:
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Mobile Rover Basics

Arduino+
Motor Control

DC Motors+
Encoders

MATLAB EXPO 2019

Battery

Servo Motor

Ultrasonic
"'/ ./ \ Sensor

b

4 v

&\ MathWorks
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Workflow

&\ MathWorks

1. Modeling and simulation

Mathematical
Models

R 2
—r-—r-

2. Deploy to hardware

3. Integrate with localization using Wi-Fi

MATLAB EXPO 2019

C/C++
code

91°
(25,25)

22



Modeling and Simulation
Rover kinematics

Wheel velocities Input

MATLAB EXPO 2019

Output

4\ MathWorks

Rover trajectory

23



Modeling and Simulation

Rover kinematics

Rover velocities

Rate of rotation: w
Forward velocity: v

New Input

MATLAB EXPO 2019

® 3(»
ICC W, =
\/\
L
Input Wheel velocities Output Rover trajectory
Forward kinematics Inverse kinematics

t
x(t) = j v * cos(@) dt
0

50 REN e W

t
y(t) = j v * sin(0) dt
0

(t) = jtw dt
0

Intermediate Output
OQutput

Wheel speeds — f(Forward velocity (v),

(W, W) Rate of rotation (w)

4\ MathWorks
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Modeling and Simulation
Rover kinematics

v (cm/s)
V'S
10
Group 1
—— Signal 1 LeftSpeead
.
5 t(s v (cm/s)
w (degls) Groug
—— Signal 1 RightSpeed
L
18 w (deg/s)
convToWheelVel Rover Simulation
>
5 10 t(S)
D > Ra
v wl (deg/s)
D2R Matrix multiplication » R2D
w wr (deg/s)

MATLAB EXPO 2019

4\ MathWorks

Inverse kinematics

t
x(t) = J v * cos(0) dt
0

t
y(t) = j v *sin(0) dt
0

t
(t) = j w dt
0

Forward kinematics

50 REN W W

25



Modeling and Simulation
Rover kinematics

L roverSim - Simulink — [m}
File Edit View Display Diagram Simulation Analysis Code Tools Help
E-=-H O -E-e 4P » Hru ] [eoma @
® roverSirn 4 L&
E3
v (cm/s
(A ) =
10
| |Group 1
L Signal 1 P v wl (deg/s) | LeftSpeed
>
5 ti(s
w (deg/s) () v (cm/s)
Group 1
18 - Signal 1 P w wr (deg/s) —P{ RightSpeed
[ —
w (deg/s)
=10 th) convToWheelVel Rover Simulation
.|
»
Ready 282%

FixedStepDiscrete

MATLAB EXPO 2019

4\ MathWorks
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Modeling and Simulation
Path Planning and Motion Control

{4 Figure 1: Map of the Robot - O X

File Edit View Insert Tools Desktop Window Help

EEF BIREEEE

100

wl > Final destination
wl ]
Tor

ol ]
o © Object location
ol ]
ol

ol

ot ¢ Rover location

0 . . " .
0 10 20 30 40 50 60 70 80 80 100

MATLAB EXPO 2019

Legend
Path planning

" MoveForwardAndDrop
Turn
en: [abs{desAng - ang) < 0.25] ) [WPIndex == 2] .
desAng = calcAngle{WPIndex); 1
/ \ du: [WPIndex == 1] |

v =0; MoveForwardAndPickU N
w = angCtrl{desAng,ang);
Pick-up / ]
Drop Turn Y
|FLAnn; > 124 [FLANg < 0]
2des
1
/\ [WPIndex == siza{Waypoints,1)]
Stop
en:
v =0
Move w=0
Forward

27
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Modeling and Simulation
Path Planning and Motion Control

New Input Intermediate

Intermediate

Output
Output Output
. ™
——P| dist
vE—————P v wl (deg/s) P LeftSpeed
— P+ ang

50 50

dist
10 10 ——— P w wr (deg/s) P RightSpeed
Waypoints
50 90 g S
. Plan path and motion control
Waypoints

convToWheelVel

=

| WP
Adding waypoints
IS as simple as
changing this
block!

Rover Simulation

MATLAB EXPO 2019
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Modeling and Simulation
Path Planning and Motion Control

’i Stateflow (chart) roverSimPath/Plan path and motion control - Simulink

File Edit View Display Chart Simulation Analysis Code Tools Help

B--F

Plan path and motion control

¢ e-=-

GNP = E® @] [ B | @ |-

® roverSimPat.h 4 %Plan path and motion control P
Q
? Pause
= entry:
v =0; w= 0; FLAng = 125;
ke
“ § uﬂerﬂ sec) MoveForwardAndDrop
Turn g
O en: [abs(desAng - ang) < 0.25] [WPIndex == 2]
desAng = calcAngle(WPIndex); 1 :
® du: 9 9 ( ) [WPIndex == 1] ¥
e v=0; MoveForwardAndPickUp) _
& w = angCtrl(desAng,ang);
H 1
|
® MATLAB Function -
[WPIndex == size(Waypoints, 1))
[Simuaiik Funclion ) ¥
& Simuink Funchca el’l 2
-5 w=0;
» |@
After activation of Transition after(1,sec) 41% T=1.000 l 6% FixedStepDiscrete

MATLAB EXPO 2019

4\ MathWorks
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Workflow

Mathematical
Models

1. Modeling and simulation

R 2
—r-—r-

&\ MathWorks

2. Deploy to hardware

3. Integrate with localization using Wi-Fi

MATLAB EXPO 2019
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Deploy to Hardware

"i roverHwPath - Simulink

File Edit WView Display Diagram Simulation Analysis Code Tools Help

- < @ -E-® " N | |ecem @&

roverHwPath
mveerPam 4
& |
nputs Rover hardware
=
(/’_ ﬂ.\
+
0 dist dist L » | (deg wl
= Actual distance e v v wl (deg’s) >
LeftMotor
-
ang P ang WP w wr (deg/s) P wr
Actual angle !
- RightMotor
Actual distance and angle convToWheelVel
ARDUINO

10 10

S0 50 P Waypoints FLANg >

50 90

. Servo Motor: 1
Waypoints N V, ForkliftMotor
Plan path and Motion Control

MATLAB EXPO 2019
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Deploy to Hardware

MATLAB EXPO 2019

Pause

entry:

v =0; w=0; FLAng = 125

}f after(1,sec)
Turn ]
en: [abs(desAng - ang) < 0.25) o2 [WPInd‘er ==2]
desAng = calcAngle(WPIndex); 1
du: [WPindex == 1]
v =0; MoveForwardAndPickUp)
w = angCtri(desAng,ang);
1
8- [FLAn; > 124)
ol

1
[WPIndex == size(Waypoints,1)]

MoveForwardAndDrop

| 4 Figure 1: Map of the Robot - [m] X

File Edit View |[nsert Tools Desktop Window Help

~

Dcde | @ 0B RE

100

o

8 & 8 8

(=]

4\ MathWorks
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Workflow

1. Modeling and simulation

2. Deploy to hardware

Mathematical
Models

L
—Bd —

e

&\ MathWorks

3. Integrate with localization using Wi-Fi

MATLAB EXPO 2019
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Get Location Data Over Wi-Fi

(12,37) =~91°
* "
= ‘ - (25,25)
Taking . - &8 Image Location
picture of 4 | Processing > results sent via
arena l/ Wi-Fi
Webcam on top of a table; > x =
Tethered to PC ’
(o, 0)1 * >

MATLAB EXPO 2019
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Localization Algorithm

- -

Workflow °
Step 1: Use R,
G, B colors as
threshold
Step 2 — ) ) — p
Remove noise From webcam  Threshold applied Noise removed Centroid identified
; Rover
Step 3: Find Algorithm .
e e el OULDULS Location: (75,60) cm

Heading: 90 deg

Repeat to track

and send results!

MATLAB EXPO 2019
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MATLAB&SIMULINK®  ®75 PRoGRAM YOUR HARDWARE

Mobile phone controlling rover

Arduino Parrot
Minidrones

ST Micro

Raspberry Pi _
LEGO Mindstorms EV3

q AN VN Y,

MATLAB EXPO 2019
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Today’s Topics: Three Exercises to Develop That Know-How

Quadcopter Arduino Triplex Pump
Simulation Mobile Rover = Digital Twin

« Complex industrial
application

« Combines engineering
and data science

« Can leverage cloud
computing

* No hardware required

MATLAB EXPO 2019
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Triplex Pump

INPOINT
——Riga

MATLAB EXPO 2019

4\ MathWorks
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Predictive Maintenance Using Digital Twins

*i sm_pump_triplex * - Simulink — | X

File Edit View Display Diagram Simulation Analysis Code Tools Help

4\ Mechanics Explorers - Mechanics Explorer-sm_pump_triplex — O *

File Explorer Simulation View Tools Window Help ‘!|a X

R& 00 X wdIITHT o | EB (]| (3 B3 |view convention: [v|| *[0 /|

| Mechanics Explorer-sm_pump_triplex |

?:,- sm_pump_triplex h
é__ogo Pump
"°o° Config
"°o° Crank
__ooo Housing
__ooo Plunger_1
"0.-_.0 Plunger_2
"°o° Plunger_3
,J,v World_Frame
& o Revolute_Crank
"Connectl'on Frames

% d

B - -3 - E-edOP » F-is @ E-
sm_pump_triplex

A
@ pMeas pMeas O

2 Diagnostics: On

=

=

&=

O

,

o No Fault Blocked Inlet Seal Leak Worn Bearing

» < >
Ready 219% auto(ode23t)

MATLAB EXPO 2019

®@ QO MR e | | el |

4\ MathWorks
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How can | teach students these concepts if | don’t have a real
pump?

MATLAB EXPO 2019
40



Prevent system downtime

4. Pressure with Noise

@- 0P

P4 sm_pump_triplex * - Simulink — O X
File Tools View Simulation HE'D o n r t File Edit View Display Diagram Simulation Analysis Code Tools Help
D - - F P Senso daa b -=-38 we-E2-edOP = K- -0 |-
sm_pump_triplex
Tald ) Diagnostics: On
to a predictive g
1 =
maintenance °
algorithm . |
= No Fault Blocked Inlet Seal Leak Worn Bearing
» L€ 2 i
Sample based |T=1.500 Ready 219% auto(ode23t)

o x| bysending

4\ Mechanics Explorers - Mechanics Explorer-sm_pump_triplex - O X

Eile Explorer Simulation View Tools Window Help N A X

an0es L waos 60 B0 EE w0y created using Block P

Mechanics Explorer-sm_pump_triplex

- Plunger_3
ez World_Frar

-?_,- sm_pump_triplex
o Pump

-1 Config
“'m Crank
Housing

+
£
3
- Plunger_1
-
+
-
e

Plunger_2

- ¥ Revolute_Crank

-Connection Frames

t . L : | a Digltal TWin Block P1, Worn Bearing

Leak P1

Leak P1, Block P1

and machine
Iearn i ng Leak P1, Worn Bearing

True class

F% 2

iIn MATLAB. e

Worn Bearing

wwww @ 1/16X J‘ Time |0,7

Model 1.18

12%

&\ MathWorks:
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Triplex Pump
Failure Algorithm
_ Diagnosis

= Crankshatft drives three plungers J Pressure

— Each 120 degrees out of phase N Sens;r

— One chamber always discharging | |

— Smoother flow than single _ | § - /

or duplex piston pumps ' . S}

.
o

A
o

== Plunger 1

Volumetric Flow Rate at Output
—— Plunger 2| Crankshaft
Plunger 3
—F’urnp

LA

06 062 064 066 068 07 072 074 0.76
Time (s)

Flow Rate (lpm)
[
=)
————
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’i sm_pump_triplex * - Simulink — O p7d 0
File Edit View Display Diagram Simulation Analysis Code Tools Help a2 x
EA-ov-F @ OB d®Pb = -5 ] Mema @D~ - QG- O~
sm_pump_triplex »
@
i | \
E ' 9P |4 /B |
o = Sensing =
= <—> Pq Out Load
] ,
s ars (O =
e _ In3 f} J,
. Driver: Motor / Pump Input Manifold CK—;L? //6 7
Y i
o gln _
= Pump Model | L] Fud (| |
— @_’ Properties

Fl
Output Pressure Sensor Data }-\.pMeas " Mozs @ b

Diagnostics: On

Predictive Maintenance Algorithm | A, (/\ f\ (/’\
( ) \ ‘\ )
/ /
i W@ W W W
Fault Indicators No Fault Blocked Inlet Seal Leak Worn Bearing

=

— ’Time 0,010707 |

»
auto(ode23t)
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Predictive Maintenance Workflow [ Build Digital .
L Twin .. - ) e :
Sensor Data Swoep Test of Faults (indvidual and
= Sensor data isn‘t always available (" Obtain and :/’MMW
— Failure conditions difficult to reproduce L Explore Data “ I
— Time consuming or costly to generate e
Solution: Build digital twin and generate " S ot oo e

Pre p Focess 3 00021 00063 03319 00006 Le
Tra| N | N g Data 3 00021 00104 0.3319 00073 Bl

32 0.0021 0.0107 0.3319 0.0075 ... Blc
33 0.0021 0.0109 0.3319 0.0077 Blc

sensor data using simulation

= Developing algorithm is complex

— Requires complex concepts and analysis Develop
Solution: Use MATLAB to simplify process of Predictive Model | *--
developing and deploying algorithm
NN [TTTITTT]
Deploy $Er:’aultCIassiﬁer i § E
Algorithm I~ ™[ 7IControl|

Simulation Unit

MATLAB EXPO 2019
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Key takeaways

= 10T Is revolutionizing the industry
= New graduates will be expected to address challenges like this

= EXxperience with tools and workflows used in industry make students more
hireable
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Today’s Topics: Three Exercises to Develop That Know-How

Quadcopter Arduino Triplex Pump

Simulation Mobile Rover  Digital Twin

» Develops Computational * Model-Based Design « Complex industrial
Thinking for autonomous venhicle application

» Enables comparisons of * Integrates controls, « Combines engineering
theory and simulation WIiFi, path planning, and data science

« Automatically generates and localization « Can leverage cloud
controller code * Low-cost hardware computing

* No hardware required

MATLAB EXPO 2019
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,.,”. Bildungsnetzwerk
'&' Osterreich

2040: Austria is world leader in STEM education

Strengthen STEM education and secure local industry in Austria

Connect stakeholders in academia, industry and government.
Initiate, and support high-impact STEM projects.

Multicopter for teaching and research

MATLAB EXPO 2019
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,,,. Bildungsnetzwerk
'%; Technik Osterreich

Osterreichische
Mathematische
Geselschaft

SAL

SILICON AUSTRIA LABS

4

= Bildungsdirektion =
Karnten 4

= Bundesministerium
Bildung, Wissenschaft
und Forschung

MATLAB EXPO 2019
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MANAGEMENT CENTER

INNSBRUCK

Ty
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afineon

KOOPERATION MIT KOMPETENZ

PERFECTION IN AUTOMATION
A MEMBER OF THE ABB GROUP
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Turn CHALLENGES into OPPORTUNITIES

Market |
penetration

in AERO 3

Recruiting
Hiring

Brand
awareness

MATLAB EXPO 2019
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afineon

Turn CHALLENGES into OPPORTUNITIES

Market
penetration §

Courses
Research

in AERO

MANAGEMENT CENTER
INNSBRUCK

Recruiting
Hiring

Universitat
Stuttgart

Brand
awareness
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Flight robotics seminar

‘ Institute
'FD
‘ Meeting with I A

&\ MathWorks

School of
Aerospace
Engineering

MATLAB EXPO 2019
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.....
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.......

3 Universitat Stuttgart

‘ \(,Zvci)tlrllaboration
Cafineon.
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Turn CHALLENGES into OPPORTUNITIES —
Infineon

Market |
penetration W | et

_ F Courses W . TECHNIKUM
in AERO § “ & _— Y
i 4 Research & =
in AERO ' v TN PN
Recruiting
Hiring :
3 Hires
in 1 semester AN o
| Ay # Stuttgart

Brand
awareness
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afineon

. L
Courses N . g TECHNIKUM

— "0y 8  WIEN |
Research | =wgis 3 2y
in AERO 7 HhN el

2

Turn CHALLENGES into OPPORTUNITIES

Market
penetration

in AERO 4§

MANAGEMENT CENTER
INNSBRUCK

Recruiting
Hiring _
3 Hires

1q 1 Semester Universitat

Stuttgart

Brand

awareness 1 Million

Views in
24 hrs
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Preparing Students for Digital Transformation

Academic
Research

Knowledge
Curricula

Workforce Training
Future Researchers

Undergraduate
Education

Basic Research
Discovery
Graduate Education

Innovation
Expertise

4\ MathWorks

Applied Research
Tools and Technology
Product Development

Industry

‘ Skilled Labor ,

MATLAB EXPO 2019
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Bring these exercises to your classroom!

Quadcopter
Simulation

* Develops
« Enables comparisons of

« Automatically

Arduino Mobile
Rover

* Model-Based Design
{o]

* Integrates

and

Triplex Pump
Digital Twin

« Complex

« Combines

« Can leverage

required
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@\ MathWorks®  prosucss  sousons

Academia

Teach and Learn with MATLAB and Simulink

The tools used at more than 5000 universities worldwide

A’\’éf Get Student Software | ] Learn the Basics Q— Teach and Inspire dmmk  Start Your Project

Get Student Software

Use student soft s and research, add real-world

perspective to thy

ou learn, anc
Buy MATLAB Student

Looking for a campus-wide option?  Which license is right for you?

www.mathworks.com/academia

4\ MathWorks
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