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From algorithm to hardware:
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From MATLAB and Simulink to Hardware

Automatic Code Generation

C/C++ VHDL g7
Verilog

CPU  ASIC PLC
DSP  FPGA
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Code Generation in Industry

ABB Accelerates the Delivery of Large-Scale, Grid-
Connected Inverter Products with Model-Based Design

“Simulink and Embedded Coder enabled us to
open the door to new markets. With increased
productivity from extensive simulation and
efficient code generation, we have confidence
in our ability to produce the systems that larger
customers are asking for in the time frames
they want.”

— Dr. Robert Turner, ABB

MATLAB EXPO 2017



4\ MathWorks

Code Generation in Academia

NASA Interns Develop Guidance, Navigation, and Control
Software for Quadcopter with Model-Based Design

Model-Based Design makes both working
engineers and interns at NASA MSFC more
productive. The students have more fun
because they can run the GNC algorithms
they create in Simulink on a real processor

and quickly get things done.

NASA intern working with the quadcopter vehicle and
ArduPilot Mega 2.5 hardware

MATLAB EXPO 2017 6



Code Generation Case Study : Bruitparif Medusa
Noise monitoring distributed network
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- Requirements
- Monitor noise levels and directions
- Send live data to a central server
- Low-power consumption device (< 5 W)
- Minimal network traffic (< 5 kbps)

- Solution

- Low-power microcontroller (STM32F4)

- UDP communication over cellular network

- Algorithm development with MATLAB/Simulink
- Design and feasibility/performance analysis
- Preparation for embedded deployment
- Automatic Production Code Generation with Embedded Coder
- Low memory and CPU utilization

MATLAB EXPO 2017



Bruitparif - Software

slm_antenna_smgle »

Select
Columns

[2000x4]

Multiport
Selector

single [2000=4] D1
o=ty

signals

single 3)01
outt
3
LACZeq
single [2000x1] 01
| audio
[2000x1]
single [1x30] D1
oue P ()
[1x30].
RirdC) A
slm
=zingle D1
azim ut
P signals
[200 0xd]

=zingle D1
elevation

Antenna

elevation

Total time (seconds x 1e-09)
Measured time display options
Timer frequency (ticks per second)
Profiling data created

2. Profiled Sections of Code
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1583320256

('Units', 'Seconds', 'ScaleFactor’, '1e-09', 'NumericFormat
1.68e+08

19-Mar-2016 18:38:53

Section Maximum Average Maximum Self Average Self Calls

‘ Execution Time Execution Time Time Time

{ bot_initialize 1060 1060 1060 1060 1 i

[+] bot Init 47048 47048 32869 32869 1

5405875 1575119 1568924 129

Select mic 42530 42530 42530 42530 129
Generated Filter Block 85125 84842 85125 84842 129
Generated Filter Block 57113 57105 57113 57105 129
Math Function 26042 23352 26042 23352 129
Math Functionl 26161 23760 26161 23760 129

AnCAa

anrAan AnrAa AnrAan ann
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1. Function replacements in bot [hide]

The following table provides a mapping from the functions used from the selected Code Rep!
blocks in the model that triggered the replacement.

Function
arm_biquad_cascade_df2T_f32

arm_cfft_radix2_f32

Block
<S$3>/Generated Filter Block
<S4>/Generated Filter Block

<S8>/IFFT
<S9>/IFFT




Bruitparif — Software (continued)
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File Edit WView Project Flash Debug Peripherals

BRELELIEET IR

=]

L]

Tools

SVCS  Window Help

W] = = 4= 45| B antenna sim_step |z| B dl e

antenna_gphat_calib_detect.h

|j antenna_gphat_calib_detect.c

o el e

|j stc'.f:_ |j system_stm32fdonc

antenna_gphat_calib_detect.c

738
739 B
740
741
742 H
743
744
745
746
747
748
749
750
751
752
753
754
755
756
157
758
759
760
76l
62
763
764
765
766
67
768 £
769
770
771

//HRL GPIC TogglePin (LDZ2 GFIC FPort,

1LD2_ Pin);

Bru

if (osSemaphorewWait {dmaSEiBCpltSemHandle, osWaltForever) ==
HAL GPIC TogglePin (LD3 GPIC Port, LD2 Pin)
HAL WWDG Refresh (&hwwdg, WDOG TO)

¥

(i + NB_SRMPLES)); // MIC 1
(i + NB SRMPLES)); // MIC 2
(i + NB_SEMPLES)); // MIC 3
(i + NB_SRMPLES)); // MIC 4

for (int i = 0; i < NB _SAMPLES; i++){
v micl = *(int32 t¥*) (buffersaimn + & *
v mic2 = *(int32 t¥*) (buffersair + 4 + 5 *
v mic3 = *(int32 t¥*) (buffersaiB + 8 *
v micd = *(int32 t¥*) (buffersaiB + 4 + 8 *
v micl = v _micl / 2586;
v mic2 = v_mic2 / 256;
v mic3 = v _mic3 / 256;
v micd = v micd / 256;
arg mics[i] = (real3Z2 T)v micl / B8388608;
arg mics[250 + i] = (real32 T)v mic2 / 8388608;|
arg mics[300 + i] = (real32 T)v mic3 / B3886083;
arg mics[750 + i] = (real32 T)v micd / B3886083;

// Compute Levels & Rngles

antenna slm step( arg_mics .

Increment cCounter

cntSteps += 1;

//1len =

//HAL UART Transmit (ghuart3,

Sp

sarg azimut,

rintf (msg2, "%d\r'n", cntSteps):

if (cntsSteps == nblter) {

/A
s

if (larg calibFlag[0] s&=s

(uint8 t*)msg2,

sarg elevation,

len, O0xFFFF

larg calibFlag[l] &as
HAL GPIO TogglePin(LD2 GPIO Port, LD2 Pin);

os0K) |

sarg walid, arg !

) ;

larg calibFlagl[2]

LI

- @ antenna_slm_init (void)
-~ & antenna_slm_step (real32_T arg
- @ MWDSP_EPH_E_D (real_T evt, ui
- @ rt_atan2f_snf (real32_T u0, real3
- & ri_hypotf_snf (real32_T ul, real3
- % rt_remf_snf (real32_T u0, real32_
- @ rt_roundf_snf (real32_T u)
&[] bme280.c
#-[=] bme280_support.c
#-[=] bno055.c
H-[=] bno055_support.c
- [w] cmsis_os.c
#-[=] common.c
#--[=] croutine.c
- diskio.c
w-[=] event_groups.c
@[] fatfs.c
w-[=] fatfs_storage.c
[ fl.c
m-[=] ff_gen_drv.c
H-[-] freertos.c
& [=] heap_4.c
&[] list.c
H-[=] main.c
#--[=] misc.c
@ [=] portc
H-[=] queue.c
[t nanfinite « -
« [Lm | P
= Project @BGGKS {3 Functi... [].,,Templ...
Build Qutput
Build target 'medusa_fﬂzg_rtas '
compiling main.c...
linking...

Frogram Size: Code=75296 RO-data=40128 EW—-data=62548 ZI-data=1358636
"'rnedusa_f&ZB_rtGS\medusa_fﬂZB_:r:ccns.axf" — 0 Error(s), 0 Warning/(s).
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Bruitparif — Pilot Project Results o
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Before Code Generation: Modeling and Simulation
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Code Generation for UAV Team MAVerix at student competition
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http://www.dpdhl.com/en/media relations/specials/parcelcopter.html

MATLAB EXPO 2017 Video source: Deutsche Post AG
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How do | connect MATLAB to hardware?

Since 2012: Hardware Support Packages!

FmindstTorms
i

c2000™

Real-time
Microcontroliers

i3 Texas
INSTRUMENTS

MATLAB EXPO 2017 17
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C Code Generation-based Hardware Support Packages

Texas Instruments C2000 200+ user installs / month’
STmicroelectronics STM32F407 and STM32F 746 Discovery boards

Beaglebone Black
Raspberry Pi 1, 2, 3 500+ U
Arduino (Uno, Due, Nano, Mini, Mega, too many to list!) 200

NXP FRDM, STM32 Nucleo boards

D netalls
Android, iOS, and more! 250+ userin®

| month!

Includes: Simulink-based HSP

Compiler Toolchalin

Peripheral configuration 1/0 Blocks
External mode
Processor-In-the-Loop PIL framework
Example models and documentation

\
0+ user installs | month

| month!

Includes: MATLAB-based HSP

- Connectivity API
- Coming Soon: Code Generation

MATLAB EXPO 2017
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Open Hardware Revolution
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Parrot AR Drone
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Parrot AR Drone Hardware Support in Simulink

File Edit View Help
= 3 ~ Enter sea...
Libraries

vﬁ@{;

- B Simulink
= AR Drone 2 Target

& Aerospace Blockset |

-l Communications Sys¢
-l Computer Vision Sys

Control System Tooll
Bl DSP System Toolbox
- Embedded Coder

Embedded Coder Su |

MATLAB EXPO 2017

Library: AR Drone 2 Target

2 oy clrag

W a

Battery Volt-
age Measur...

Init_Actuator

-1 Motor

Search Results: (none

+ Inertial
- Measurement

LED

Navigation
Subsystem
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Parrot Mini Drone Support in Simulink
16.30 Feedback Control Systems

An MIT Feedback Control Systems Class that Teaches with Palm-size Drones

http://fast.scripts.mit.edu/dronecontrol/

e = || B 2%
File View Viewpoints Navigation Rendering Simulation Recording Help

oy cam[sn]dale E@m >

1Isometﬁc

MATLAB EXPO 2017 -




| 4\ MathWorks

Using the Support Package Installer is Easy!

PLOTS APPS SHORTCUTS P g search Documentation

| Y . [ mE ., New Variable < Analyze Code ws Preferences
b o 3 (2] Find Files & 0 =% il &z [ ?
2 L1/ Open Varable v £y Run and Time % [ SetPain
New New Open | L Compare Import Save : - Simuink  Layout
Script v v Data Workspace (* Clear Workspace v | Ciear Commands v  Library \ 4 mmv
EiLE VARIABLE CODE SINULINK ENVIBONMENT RESOURCES

<S> THA » C: » Temp » scratch » 14b » testl v p
Current Folder ® | Command Window ® | | Workspace ® |

Name « fx >> Name ~ Value

‘

nm

Command History (O
peagieponé inv...

beaglebone ext...

beaglebone ext...

Xpcosc

ver

setup

v
Y

setup

v
b

192.168.7.2

Detaiis A beaglebone ext...

.
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MathWorks Hardware Support Packages

STM32 Nucleo

T1C2000
Xilinx Zync
Altrera SoC
Xilinx Zync
Altrera SoC

STM32 Disco

)
c
o
Qo
2
o
a
0]
m

Embedded Coder HDL Coder

Black

Simulink Coder

MATLAB Coder

Raspberry PI
Arduino
Lego

Apple iOS

Simulink

MATLAB

MATLAB EXPO 2017
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IPhone iPad and Android Support

Auclio Bqualizer

1) Audio processing

4) Mobile sensing 9) loT with ThingSpeak 6) Wireless connectivity

MATLAB EXPO 2017 ”
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Arduino board support from MATLAB and Simulink
2014a

HADE IN ’ .
ITALY

17
In'n‘—

il

i

2014b support!
Leonardo Mega ADK Mini  Fio Pro Micro
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-
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o
2
>
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o
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http://arduino.cc/en/uploads/Main/ArduinoUno_R3_Front.jpg

" Arduino Shields

Ethernet Shield Wifi Shield

Simulink Blocks

..ﬂ.RDUIHgta b .ARDUIND ARDLIMIE1 b
TI1. 7 T =
Status [y 12907 Slatus [
TCP/IP Receive TCF/IP Send ThingSpeak Read
ARDUING .ARDUIHaa b ..»'-".RDUIND
p— ——
1 = ---5131ug>> TT
123487
ThingSpeak Write UDP Receive UDP Send

MATLAB EXPO 2017

I\/Io\ltr Shield

ARDIIMNC ARDUING ARDUING
FAVAUREEE Y EVAVAN ¥
Fin 4 DACDH Pin 2
Analog Input Analog Output Continuous Servo Write
ARDINMD ARDUING ARDINND
It > o> Il 12¢ >
Pin B Pin 9 Slave OxG1
Digital Input Digital Cutput 12C Read
ARDUING ARDUING ARDUIHE'@ b
12C 3 i @
Slave 0x61 Fin 5 Ponp SEUSp
[2C Write PWM Serial Receive
ARDUING ARDUING ARDUING
T 3 SPI £F >
Port 0 55 pin 10 Pin 2
Serial Transmit SPI WriteRead Standard Servo Read

ARDUING

L

Pin 9

Standard Servo Write

4\ MathWorks
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Arduino

17a — print/printin support

16b — Thingspeak read, PIL, enhanced external mode

15a — Support from Linux

New IO Block support:
— 12C, SPI
— UDP/TCP to LEGO, Raspberry Pi, and Android/iPhone

New boards: Yun

MATLAB EXPO 2017 -
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Raspberry Pi

17a — New blocks: 12C, SPI, UART, TCP/IP, IMU, Pressure, Humidity, etc

= 16b - Support from Linux PC

= 16a — Pi 3 support

= 15b — Support from Mac

= 15a — Pi 2 support

MATLAB EXPO 2017
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Linux Boards supported by MATLAB and Simulink
BeagleBone Black

Raspberry Pi 1, 2, and 3

Simulink Support Package for Raspberry Pi Hardware

RASPBERRYPI RASPBERRYPI RASPBERRYPI RASPEERRYPI RASPBERRYPI
Sense HAT Ve y o) ' D) oy oy Jul
GPIO 4 GPIC T
Sense HAT ALSA Audio Capture ALSA Audio Playback eSpeak Text to Speech GPIO Read GPIO Write
RASPBERRYPI RASPBERRYPI o RASPBERRYPI R.‘\.SPEIEF\'.RE‘T;!Ia b
]
12C py Data 126 5 ch
Master Read 20 ster Wiite ? ? i Y wob
Slava: 0w Slave: 0us, led0 (Grean) GPIC 21 JAcr Port: Fdw?ﬂymi&
12C Master Read 12C Master Write LED PYM SDL Video Display Serial Read
RASPEBERRYPI FASF RASFEERRYF RAEFEERRYR RASPBERRYPI RASPBERP&’;!%>
> > SPI SPI b > SPI > ﬁ TCPYIP Server
Master Transfer Register Read Register Wite P00 o s b
Port: {dawityAMAD Slave select: SPI0_CEQ Slave sabect: SPI0_CEQ Slave select: SPI0_CED GPIC 18
Serial Write SPI Master Transfer SPI Register Read SPI Register Write Standard Servo Write TCP{IP Receive
RASPBERRYPI RASPBERRYPI RASPBERAYE] RASFBERRYFI RASPEERRYFI v b,
Y SR | oD Ty @ &) o
ress:127.0.0. — — ., 2
Port25000 = gieh == -
Crp
TCR/IP Send ThingSpeak Write UDP Receive UDP Send W4L2 Video Capture
RASPBERRYFI RASPBERRYPI RASPBERRYPI RASPBERRYP! RASPBERRY] 5
ocation urnidity [y Pressure [ ﬂg\.’clww
& Accel
MATLAB EXPO 2017 o rono ik

8x8 RGE LED Matrix

HT5221 Humidity Sensor

Joystick

LP525H Pressure Sensor

LSMSD51 MU Sensor

A

Embedded Coder Support Package for BeagleBone Black Hardware

4\ MathWorks

BeagleBone BeagleBone BeagleBone BeagleBone
Ve > o) FAVAN > o p
Pa_38 FinPa_11
ALSA Audio Capturs ALSA Audio Playback Analog Input GPIO Read
BeagleBone BeagleBone BeaglaBong p ] BeagleBone
T
y It > > It p [2
Fin P8_12 USRO Pa_21 b [
GPIO Write LED PWM SDL Video Display
BeaglaBong BeagleBona BeagleBone f._EI_EﬂEI!;IIEBuna E1Y
3 ._:.C:) UDP Receive P UDP Send { ‘E’ : Gh
Bp
ThingSpeak Write UDP Receive UDP Send V4L2 Video Capture
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STM32 Board Support

= STM32 Discovery : F407 & F746

= STM32 Nucleo :

MATLAB

STM32F746
STM32F411
STM32F401
STM32F302
STM32F103
STM32F031
STM32L476
STM32L053

EXPO 2017

4\ MathWorks
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How SIL and PIL Work

E!Evstem Model

File Edit View Simulation Format Tools Help

=10) x|

D S| i B2R | 4|9

» m oo [Nomal

Ny
I

Test Suite

Cmd

Ready

MyAlgorithm

Non-Real-Time
Synchronization

with Host at Each Time Step

MATLAB EXPO 2017

Plant
Model

Verification

lode45

Execution History
Equivalence comparison

Code coverage

Execution timing (profiling)

4\ MathWorks
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Processor-in-the-Loop (PIL) profiling

L New C = 5] 00 b -— T i3 Copy Pt ¥
AL import & @ Q = um L4 - - . (2] Block: ANTENNA
L_| Open @B Group Signals o— .E‘ Create Report
Export | = I3 Datacursors Hior Subpiots  Clear Subplot  Legend  Saved Views Helfl|  |[Maximum Average|  Maximum Self Average Self Calls
Save ¥ {58 Run Options = inl w7 = = = f2g send to Figure = Execution Time Execution Time Time Time
FILE RUNS ZOOM & PAN MEASURE & TRACE VIEWS SHARE RESOU

slm_antenna_STM_initialize

B oo | 2:sim_antenna_step [0.1 0] ® 2:sim_antenna_step [0.1 0] |1907903 | 1907903 | 1907903 | 1907903 | 1| EHeHE
0.0328 slm_antenna_step [0.1 0]
|327?2130 | 32661307 | 23386671 | 23241818 | 101 | EP N

+
» Run1 I e View full code execution profiling report
» Run2
1:slm_antenna_STM_initial.
v 2:slm_antenna_step [0.1 0]
3:knohbimoginokngl_xcorr — e—
4:hlfcaimgaaiejecb_abs — 0.0324

5:ekngfcbiphdbohd)_flipud

6:knohbimoginokngl_xcorr — e— 0.0323

7T:hifcaimgaaiejecb_abs

n
T
]
[=]
]
o
[
[=]
[
n
',
(=]
',
n
o
o
n
n
@
[=]
[=7]
o

7.0 I

o
=]
=]
=]
o
w
[=]

T=}
o
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Processor Benchmarks on various ARM Cortex CPUs

256 -

.
<
S 128 +
~
(@)
>
< 64
S 40 uS Limit
N
(€D]
c 32
£
(-
O 16 -
-’
-
()
(€D]
= I
4
AM335X ATSAM3X8E STM32F302 STM32F302 STM32F407 STM32F407 STM32F746 STM32F746
CMSIS CMSIS CMSIS
MATLAB EXPO 2017 Processor Function: Task of rwdemo_pmsmifoc
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Depl Si link Model to B leb B
- - - - FAL ) CALE Hal - - F
control_legic %
® sldemn_fuelsys_bbb » fuel_rate_control » (5 control_logic » ||
®Q I DEC | oeC DEC DEC
2 N e e e e e o e e e ttttehkebebee_—Y¥t¥tZte¥t—-m¥0-¥ -, . .0 L
F
=) f_lln—g_ﬁnﬁe _____________________________________________
e
| ) Fuel Disabled l
o I {es o=es_i} en:
o fuel_mode = DISABLED;, —
o I Lnning ' _
1 [es_ispeed > max_speed]
O | [an_Enissions ] (Fach Wixture W 2 rilOMerspeed
1 en
L L fusl mode = | OW- LA \"") flunl meds — DICLE
}-ﬁ sldemo_fuelsys_bbb * l | = |[=] g |
File Edit View Display Diagram Simulation Analysis Code Tools Help
- - - w 2000 External hd v
sldemo_fuelsys_bbb
@® | sldemo_fuelsys_bbb » -
a Fault-Tolerant Fuel Control System
Ed
= L
. f engine speed o2_out
WMM—L'@N—-M
Command Throtfle Sensor
Nominsl T throttle angle  MAF
Speed
o = ; ;
= z\o— Spesd Sersor Convert fuel_rate | Conver LI p{fuel  airfuel 1 VI [ ‘ ‘
:;; Engine 1 To Plant Engine Gas i - ! | |‘ H |IH ‘
Speed -0 g0 ngine Dynamics " { ‘ | ‘ | | ‘
Selectar 12} cooserea ‘ | ‘ ‘ ‘ “
: fuel_rate_control wel | |ain_tel_rsto ‘ ‘ ‘
7 ok '\HH ‘\HH \ HH |
MAP Sensor ‘ ‘ ‘ ‘ | ‘ | | ‘ ‘
To Controller |4.595 | ‘ ” “
W ||J W U .‘, U“ ‘\'W
7] The sensor switches simulate any combination of sensor failures. . J |
. N B . P = 3
(i Y Copyright 1980-2014 The MathWorks, Inc. | |
B The Engine Speed Selector switch simulates different engine speeds (rad/sec). I4.5350
> g 11 | » Time offset: 15.411
Runninn the mndeal an 'BeanlaRana Rlack' Viaar dismnactice 1ANGE Ardal
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loT Analytics Challenges

Communication Connectivity

Deploy analytics
to cloud

Analytic loT Platform

= Online analytics

. Deploy algorithm to device
Smart Connected Devices

= Local embedded
algorithms

« Data reduction

Algorithm Development
= Historical analytics
= Sensor analytics

MATLAB EXPO 2017 29
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loT Analytics Solutions

(((

Data Aggregation |
& Analytics Deploy analytics
to server/cloud

Communications

Network -
[JThingSpeak™

Hardware
Support
Packages - Smart Connected Algorithm Development

Devices Sensor Analytics .
MATLAB

40

v

Deploy algorithms to nodes/devices
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What Is ThingSpeak?

Web Site For People Web Service for Devices

{

- channel: {

mThingspeak“‘ Channels Apps Community  Support ~ id: 38629,

name: "Car Counter™,

description: "Counting number of cars passing a reference line in 15 sec interval”,
latitude: "42.28",

longitude: "-71.35",

field1l: "Mumber of Westbound Cars™,
field2: "Mumber of Eastbound Cars™,
created_at: "2015-85-19T28:14:03Z",
updated_at: "2816-85-19T1@:36:35Z",
last_entry_id: 1477231

Understand Your Things

¥
= 4 > - feeds: [
The open loT platform with"MATLAB® analytics. {
created_at: "2016-85-19T18:36:20Z",
entry_id: 1477230,
e fieldl: "1%.@80008",
Get Started For Free \ Learn More ’ field2: "5.@ee008"
SR b
-1
created_at: “2816-85-19T1@:36:352",
entry_id: 1477221,
fieldl: "18.@@2200",
field2: "14.2@0008"
¥
]
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ThingSpeak

4\ MathWorks

. New MathWorks web service https://thingspeak_com

hosted on AWS

= Lets you collect, analyze and act
on data from “things”

= Over 130,000 users worldwide
It has MATLAB for loT Analytics
It's free to get started

W collect 11l Analyze

MATLAB EXPO 2017
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Car-counting camera IoT example

File Edit View Display Disgram Simulation Analysis Code Tools Help

Z-B e - HO-E-0 - CrrE— R R
rasperTyDl_viptraeld
® |[¥a] raspberrypi_vipramctas b -
o}
= Live Car Counting with Raspberry Pi Hardware
= To run this medel on hardware, on the Simulink Editer toolbar, click the
"Run” bution. Note that the simulation mode is "External”. m
allows you to tune parameters and monitor signals in the model while
the application is running on hardware.
=
]
vies 1
Comioormion
i
e
Caustbatuen)
BB
‘Car Courtar
[ ]
. Meckan Fitsred Farsground Mask
Ready 100% FixedStepDiscrete
7

# ' SDL Video Display
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|:| Thlngspeak Channels ~ Apps Blog Support ~

Apps | MATLAB Analysis | Calculate daily volume for previous 24 hours

Name

Calculate daily volume for previous 24 hours

MATLAB Code
1 % Enter your MATLAB Code below
2 startTime = datetime((now-1),'ConvertFrom’, 'datenum’);
3 stopTime = datetime(now,'ConvertFrom’, 'datenum’);
4 startDate = datetime(startTime, 'InputFormat’, "MMMM d, yyyy HH:mm:ss °);
5 endDate = datetime(stopTime, 'InputFormat’, ‘MMM d, yyyy HH:imm:iss *);
6 datevector = [startDate, endDate];
7 [DailyEast, t] = thingSpeakRead(38628, 'Fields®,[2], 'Dat=Range’, datevector,'URL','https://api.thingspe:
& DailyVolume = sum(DailyEast)
9

10

80

70
Output

60
DailyVolume = 50

thingspeaklirite(51671, DailyVolume, URL', https://api.thingspeak.com/*, ‘WriteKey', "300000000004")

100
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Vehicle Count per 15 second interval

10
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Traffic Volume for the week of July 25

— West Bound Traffic
— East Bound Traffic
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Custom Visualizations with ThingSpeak- Weather Station Example

MATLAB EXPO 2017

Natick Weather: Median Temp Overlay
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Natick Median Temperature, past 3 days

Gpm noan gam

e £ - 8 O[|C] Westhersttion - ThingSpest * [C, ] thingspesk.com

[:lThingSpeak“ Channels ~  Apps

Community

\XeatherStation

Channel ID: 12397
Author: hemdanw
Access: Public

B Data Export
Field 1 Chart (o]

MAD1760, USA

MathWorks

o
o

g WeatherStation

£ so0

o

1

= 250

€

H
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= o
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-1

]

£ -250

8 04.00 08.00 1200
H

H Date

ThingSpeak cam

Field 2 Chart o)

WeatherStation
o

Wind Speed (mph)

Support ~

How Lo Buy A nt ~

Sign Out

MathWorks Weather Station, West Garage, Natick,

® MathWorks Weather Station, weather,

MATLAB Analysis MATLAB Visualization

Channel Location o

o Map  Setellite

NB .
Ottawa Montreal PE
J ® o
SCONSIN MAINEY oA sCOTIA

MICHIGAN) ToTona { ,
Chicago NEW YORK,
= T GG 3 I
LLINOIS oiio | PENN ' | §
INDIANA 0 Philadelphin —
M D T
WEST oEN
Rl VIRGINIA +
KENTUCKY. VIRGINIA ‘
NORTH =2
‘GTE”f‘EISSEE ~CAROLINA
...‘..,9,‘.,\,9 € SOUTH Map dsta ©2017 Google, INEGI | Terms of Use

Channel Status Updates (o]
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Predictive Analytics Example with ThingSpeak

-lll
PE=N

Historical Wind
ond Tide Data

MATLAB EXPO 2017

MATLAB NEURAL NETWORK
MACHINE LEARNING ALGORITHM

Deployment
o |

On-Demand
Swrge Fores

THINGSPEAK 10T
ANALYTICS PLATFORM

NWS NOAA
Wind Forecast Wind History Recent
Tide Level

4\ MathWorks

Q Thing S peak“‘ Channels ~  Apps  Community  Support ~

How to Buy Account -

Predicted and Measured Ockway Bay Tide Chart e

Channel ID: 137305
Author: mawrey

Tide measurement and forecasting with the effect
of wind predicted using neural networks.
W tide, wind surge, neural network

‘ Data Export H % More Information ‘ MATLAB Analysis MATLAB Visualiz
Neural Wind Forecast o Predicted and Measured Ockway Bay Tide Chart '®]

Access: Public

4 4
= Actual
= 3 A a Astronomical Forecast .
3 3 ] Y
= — 4 ‘t:i A i
22 = A Ny I
4] I !
- 2 % ¢ >
z = v ! Y i
| 2 [ R
o T 1 1 7 oo
B @ i ‘ v\ oo
¢° - v W
o7 L4
o 0 v
-1
Mar 07 Mar08 Mar09 Mar10 Mari11 Mar12 Mar13 Mar14 Mar15
Time (EST) 2017 1 L ] H
[=_= Resicual === Astronomical Forecas! —— Aclual s Wind Driven Tide Forecast <E|: g E E E E E E g g E
(oY} [{a] (3% 3] [aV] [{a] o (12} [V [{s] n

== == Residual ===== Astronomical Forecast

Actua| == \\ind Driven Tide Forecast

netWind.divideFcn = 'dividerand'; % Divide data randomly
netWind.divideMode = 'sample’; % Divide up every sample
netWind.divideParam.trainRatio = 70/100;
netWind.divideParam,valRatio = 15/100;
netWind.divideParam.testRatio = 15/100;
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ThingSpeak for Small Scale De

4\ MathWorks
| -

nloyment g

External Data & Business

Connected Devices

MATLAB EXPO 2017

Systems
€ = — 7 Deploy analytics
To cloud
|
!
/'
.@

|
Algorithm Development
Sensor Analytics .
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Integrating MATLAB with Third Party

loT Cloud Platforms

= o

Gateway

Smart Connected
Devices

MATLAB EXPO 2017

External Data & Business

Systems
loT

To cloud

MATLAB
Production

Server I

Microsoft ]
Azure 7

:
4J|_ — ! Deploy analytics
:
|
|
|

Algorithm Development
Sensor Analytics
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Agenda

Introduction
Hardware Support Packages for MATLAB and Simulink

Processor-in-the-Loop Execution

Code Generation within the Internet of Things (IoT)
Conclusion

Questions

MATLAB EXPO 2017

&\ MathWorks
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Key takeaways
Hardware support in MATLAB and Simulink ...

‘ - Code generation for prototype or production workflows

—[oelyoredvee} - Hardware Support Packages make it easy to install and configure
the necessary software

- Supports many Open Hardware Revolution boards
and mobile devices (I0S, Android)

—eiecr =uppore e~ 2NADIES SMart sensors for the Internet of Things

Show: [All {(52)

Support for:
| LEGO MIMDS TORME
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Q&A

Déploiement embarqué et connectivité hardware
avec MATLAB et Simulink

MATLAB EXPO 2017
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