g November 9-11, 2021
www.dotnetconf.net

0’
/N'f

.NET Conf a

Discover the world of .NET




.NET Internet of Things _{ ‘

Melissa Houghton

&) melissahoughton.dev () melissahoughton m melissahoughton ﬂ meliss_houghton



About Me

X Microsoft®
Most Valuable
Professional

Lead Software Engineer Developer Technologies

melissahoughton.dev

melissahoughton

melissahoughton

< J5' K

meliss_houghton



What is loT?

@meliss_houghton



How can you use .NET for loT
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Libraries

.NET loT Libraries

Tooling

*CLI
*Docker
*Templates
*Testing

Windows 10 IoT / Linux

« X386

« X64

Hardware | | Platform | | Core APIs

Maker Boards

« Raspberry Pi
 HummingBoard

BeagleBone Black
Custom Hardware
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System.Device.Gpio

Protocols Including:

« General-purpose I/0 (GPIO)

* Inter-Integrated Circuit (12C)
» Serial Peripheral Interface (SPI)

e Pulse Width Modulation (PWM) ™

e Serial port
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lot.Device.Bindings

https://github.com/dotnet/iot/tree/main/src/devices
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https://github.com/dotnet/iot/tree/main/src/devices

Demo
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Deployment

@meliss_houghton



# Install .NET on the device
curl -sSL https://dot.net/vl/dotnet-install.sh | bash /dev/stdin --channel Current

# Publish the app with Deployment mode = Framework-dependent and Target runtime = Portable
dotnet publish

# Copy the files from the computer to the device
scp -r /publish-location/* pi@raspberrypi:/home/pi/deployment-location/

# Run the app on the device
dotnet HelloWorld.dll
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# Publish the app with Deployment mode = Self-contained and Target runtime = linux-arm

dotnet publish -r linux-arm

# Copy the files from the computer to the device
scp -r /publish-location/* pi@raspberrypi:/home/pi/deployment-location/

# Run the app on the device
chmod +x HelloWorld
./HelloWorld

Self-contained
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Debugging

. @ Code File Edit Selection
'Y X

View Go Debug Terminal Window Help

Program.cs — dotnet.core.iot

# ~rogram.cs

I . ; ..
- /\ Required assets to build and debug are missing from £ X I b | Publish, Launch,a | B¢ &I © Programics X DAY T O m m -
'dotnet.iot'. Add them? 4 VARIABLES 1 using System;
! 4\ locals 2 using Iot.Device; = S0
i . ) . 3 using Iot.Device.CpuTemperature;
Source: C# (Extension) Don't Ask Again Not Now Yes args [string(1]: {string[0]} 4 using System.Threading:
? 6 ace dotnet.core.iot
® 8 Program |
)
[.] nces
10 CpuTemperature temperature = new CpuTemperature();
Ore S
11 static void Main(string[] args)
12 {
HWATCH 13 while (true)
{
D 15 if (temperature.IsAvailable)
18 1
17 Console.WriteLine($"The CPU temperature is {temperature.Temperature.Celsius}");
}
Thread.Sleep(2000); // sleep f illisecon
() }
4 CALL STACK PAUSED ON BREAKPOINT ¥
DRORT Bl NUTPUT TERMINA =
dotnet. core.iot.dl1!dotnet.core.iot.pr PROBLEMS — OUTPUT  DEBUG CONSOLE  TERMINAL = A X
Loaded '/home/pi/dotnet/dotnet.core.iot/System.Private.Corelib.dl1'. Skipped loading symbols. Module is optimized and the debu
gger option 'Just My Code' is enabled.
Loaded '/home/pi/dotnet/dotnet.core.iot/dotnet.core.iot.dll’'. Symbols loaded.
Loaded '/home/pi/dotnet/dotnet.core.iot/System.Runtime.dll'. Module was built without symbols.
Loaded '/home/pi/dotnet/dotnet.core.iot/Iot.Device.Bindings.dll'. Skipped loading symbols. Module is optimized and the debugge
4 BREAKP( INTS r option 'Just My Code' is enabled.
@ All “xceptions Loaded '/’hovvw/pl/dotno(‘/dotrwl.(nr(‘.10t/§yst-}n:.Ti1road1v1g.1‘?1r00é.d11'_ Module was built without symbols.
; ” Loaded '/home/pi/dotnet/dotnet.core.iot/System.Console.dll'. Skipped loading symbols. Module is optimized and the debugger opt
# ®@ USer-Unhandled Exceptions ion 'Just My Code' is enabled.
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.NET nanoFramework

Mo

Famework
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Powerful boards
All .NET core libraries

lot.Device.Bindings and
System.Device.Gpio

Manual deployment setup
Manual remote debugging

Deploy the code via SSH
connection

o
o
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Low-level microcontrollers
Specific .NET libraries

Specific packages per sensor
Built-in deployment

Remote debugging experience

Deploy via wired connection



Mmeadow
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Why use Meadow

» Enterprise loT

 Full .NET on embeddable microcontrollers
 Plug and Play |oT Library

 Focused on Security

» Cloud agnostic
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| Program.cs | kR MeadowApp.cs
using Meadow; using Meadow.Devices;

using System.Threading; using Meadow.Foundation.Leds;

namespace HelloMeadow namespace HelloMeadow

{ {
class Program public class MeadowApp : App<F7Micro, MeadowApp>

{ {
static IApp app; public MeadowApp()

public static void Main(string[] args) {

{ var pwmLed = new PwmLed(

// instantiate & run new meadow app Device, Device.Pins.D13,
app = new MeadowApp(); TypicalForwardVoltage.Blue);

Thread.Sleep(Timeout.Infinite); // pulse the LED
pwmLed.StartPulse();
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Azure loT SDK for .NET

https://github.com/Azure/azure-iot-sdk-csharp




o 1
o O

// Create device client

// And connect to IoT Hub using MQTT protocol

DeviceClient deviceClient =
DeviceClient.Create(
iotHubHostName,
deviceAuthentication,
TransportType.Mgtt);

// Send the telemetry message.

await deviceClient.SendEventAsync(message);

Azure loT Hub

42 Azure loT Explorer (preview)
File Edit View Window Help

Azure loT Explorer (preview)

Home > MyExampleHub > Devices > mydevice > Telemetry

Notifications

B Device identity

X Device twin
||:| Telemetry

»< Direct method

= Cloud-to-device message
?\' Module identities

& 1aT Plug and Play comp...
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B Stop [ ] Show system properties [@ Clear events

Telemetry ©
Consumer group

Specify enqueue time ©

(L) Receiving events...

Tue Aug 03 2021 16:03:17 GMT-0700 (Pacific Daylight Time):

"body": {

"workingSet": 2

"engqueu

"eropertises": [}

Tue Aug 03 2021 16:03:17 GMT-0700 (Pacific Daylight Time):

17 GMT-0700

17 GMT-0700

1) Simulate a device

(Pacific Daylight

(Pacific Daylight

ime) "

ime) "



Time
Series
Insights

@ Time Series Insights

All hierarchies

“h Ti

AirplaneDevice

TruckDevice

Ié Line chart

tances into a
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Preview ®

oom + pan v

Time Series ID

AirplaneDevice

TruckDevice

@ Christopher Maneu

20 18:40 (CET)

Warm store queries o On

FL' Marker 4 Morea

Variable

temperature
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Digital Twins

dotnet add package Azure.DigitalTwins.Core
dotnet add package Azure.Identity

ring adtInstancelrl = "https://<your-Azure-Digital-Twins-instance-hostName>";
credential = new DefaultAzureCredential();
client = new DigitalTwinsClient(new Uri(adtInstanceUrl), credential);
Console.Writeline($"Service client created - ready to go");

var twinData = new BasicDigitalTwin(};
twinData.Metadata.Modelld = "dimi:example:5
twinData.Contents.Add{"data", $"Hello World

- -
»

ampleModel;1";
1)

twinData.Id = $"{prefix}{i}";
await client.CreateOrReplaceDigitalTwinAsync<BasicDigitalTwin>(twinData.Id, twinData);
Console.WriteLine($"Created twin: {twinData.Id}"};

}

catch({RequestFailedException e)

{

g B

Console.WriteLine($"Create twin error: {e.Status}: {e.Messagel}l”);




Client Apps
manage models and the digital twin graph

Output

)

Workflow integration (like Logic Apps)

1)

Workflow integration (like Logic Apps)

Storage (like Azure Data Lake)

4
\ L ‘
P digital twin graph
LY » 9 grap
Azure Data Explorer
loT Hub

{12} ¥

API
Time Series Insights

{\ Azure Digital Twins
o

Analytics (like Azure Synapse)

Any source capable of calling REST APIs

External Compute (like Azure Functions)
handles business logic and data processing
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Al/ML for 10T with .NET
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SentimentModel.mbconfig® & X

Scenario Select a scenario

wironment

Train with your data

Data The following scenarios use Automated ML to train and pick the best medel for your data
Learn more about training with your
Train

Evaluate

Consume

Next steps .

Data classification Value prediction

Classity tabular data into 2+ Pred numaeric value from your
ategories, e.g. predict if comments data (regression), e.g, pred he
are positive or negative sentiments. <o of a house based on features

e, location, etc

ML.NET

Image classification

Classify images into 2+ categories
9 t whether an image is of
dog or a cat

@ not yet supported by Automated ML, so walkthroughs with an example dataset and pre-defined training ©

Builder

&)

A

Forecasting

malities or cutliers in Pred ture values based on
data This example detects spikes in previoust rved time series
shampoo sales. values, This example predicts bike
rental service demand

Example Example

& Feedback

Clustering

Identify groups of related items
without any pre-existing labals or
categories, This example drvides a
set of iris flowers into different

Eample

4

4

Recommendation Object detection

Produce a list ggested items Detect and identify objects in

for a particular user, e.g images, e.g, detect cars in an image

recommend products. and dr
each car
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Vision

Face Recognition &
Identification

Recognize Text (OCR)

Azure loT Edge Device (Linux)

Speaker (5)

Image

Classification

REST API

Opencv
Camera

Capture (1) Text to

USE Camera

(4)
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Speech
Function (3)

Azure 0T Edge Runtime

Language

Language Detection
Language Understanding
Key phrase extraction
Text Sentiment Analysis

Azure Cloud Services

Azure Speech Exported
Service (text to TensorFlow
Speech) (7) Azure Custom

o

Azure loT Hub
(6)
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zure Video Analyser

Video Al solutions

A
7 Q §
== loT Edge
o e B el \
| ' Azure I
. Cloud Azure Video Analyzer for Media !
. ! I 2 !
] 1 1
| : i |
5 @ Azure Video Analyzer on Edge 5 | @ :
: : I i i
: | D | Azure Video
l Video + Al : : I Analyzer in Multi-model !
. [ | || ; |
.-—b Capture processing Publish 4|> the Cloud Ingest —» Al ~»  Search |
[ E 'Q' | A 1
5 ; ! Capture and I
5 : publish I
i o l
' 1 ! I
i ! ! ]
i L e e
Media 3 ‘
archive
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How to get started

B Microsoft | NET  whyner Features . ocs »  Downloads  Community +

Home > Learning center > Learn loT

Learn Internet of Things (loT)

Free courses, tutorials, videos, and more for learning Internet of Things (loT).

Popular learning materials
m 2 Microsoft

loT with % :
NET 101 mE Microsoft Learn

Self-guided Learning - Construct loT Tutorial | Get started in 5 minutes

| Internet of Things devices using the This quickstart uses NET to retrieve sensor values from the
itonus | -NET loT Libraries ; N
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https://bit.ly/dotnetconf-iot
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