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Content

• Different	Apps	for	Data	Logging	and	Data	Monitoring	will	be	
presented

• Here	you	find	lots	of	examples	in	LabVIEW	and	Visual	Studio/C#.	
• The	data	is	stored	in	SQL	Server.	
• Cloud	solutions:	Here	you	also	find	Microsoft	Azure	examples	
and	Web	API	examples,	etc.

• Web	APIs,	REST	APIs	or	Web	Services	disconnect	the	logging	
from	using	the	Database	directly
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Database

In	this	Example	we	will	use	the	following	simple	Database:

ERwin	has	been	used	to	model	the	Database



Table	Script
CREATE	TABLE	[MEASUREMENT]
(	
[MeasurementId]						int NOT	NULL		IDENTITY	(	1,1	)	Primary	Key,
[MeasurementName]				varchar(50)		NOT	NULL	UNIQUE	
)
go

CREATE	TABLE	[MEASUREMENTDATA]
(	
[MeasurementDataId]		int NOT	NULL		IDENTITY	(	1,1	)	Primary	Key,
[MeasurementId]						int NOT	NULL	Foreign	Key	REFERENCES	
MEASUREMENT(MeasurementId),
[MeasurementTimeStamp]	datetime		NOT	NULL	,
[MeasurementValue]			float		NOT	NULL	
)
go



IF	EXISTS	(SELECT	name	
FROM			sysobjects
WHERE		name	=	'SaveMeasurementData'	
AND			type	=	'P')

DROP	PROCEDURE	SaveMeasurementData
GO

CREATE	PROCEDURE	SaveMeasurementData
@MeasurementName varchar(50),
@MeasurementValue float
AS

DECLARE
@MeasurementId int

if	not	exists	(select	*	from	MEASUREMENT	where	MeasurementName =	@MeasurementName)
insert	into	MEASUREMENT	(MeasurementName)	values	(@MeasurementName)
else
select	@MeasurementId =	MeasurementId from	MEASUREMENT	where	MeasurementName =	@MeasurementName

insert	into	MEASUREMENTDATA	(MeasurementId,	MeasurementValue,	MeasurementTimeStamp)	
values	(@MeasurementId,	@MeasurementValue,	getdate())

GO

Stored	Procedure



View
IF	EXISTS	(SELECT	name	
FROM			sysobjects
WHERE		name	=	'GetMeasurementData'	
AND			type	=	'V')

DROP	VIEW	GetMeasurementData
GO

CREATE	VIEW	GetMeasurementData
AS

SELECT
MEASUREMENTDATA.MeasurementDataId,	
MEASUREMENT.MeasurementId,	
MEASUREMENT.MeasurementName,	
MEASUREMENTDATA.MeasurementTimeStamp,	
MEASUREMENTDATA.MeasurementValue

FROM	MEASUREMENTDATA	
INNER	JOIN	MEASUREMENT	ON	
MEASUREMENTDATA.MeasurementId =	
MEASUREMENT.MeasurementId

GO

A	View	is	used	to	collect	
Data	from	multiple	Tables



Data	Logging
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Datalogging	Example
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Data	Logging
LabVIEW	Example
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LabVIEW	Example



LabVIEW	ExampleConnection	string	to	the	Database Stored	Procedure

Get	Data	from	
DAQ	device

Connection	string	to	the	Database Stored	Procedure

Get	Data	from	
DAQ	device



Data	Logging
Visual	Studio/C#	Example

WinForm Example
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User	Interface	Example

This	is	a	simple	Application	retrieving	
Data	from	the	Sensor.
The	Data	are	then	stored	in	a	local	SQL	
Server	Database



Connection	Sting	in	App.Config

It	is	recommended	that	you	store	the	Connection	string	in	App.Config



public	Form1()
{
InitializeComponent();

timer1.Interval	=	10000;

timer1.Start();
}		

private	void	timer1_Tick(object	sender,	EventArgs e)
{

GetSensorData();

DateTime timeStamp =	DateTime.Now;
txtTimeStamp.Text =	timeStamp.ToString();

SaveMeasurementData();

}

Timer



void	GetSensorData()
{
Task	temperatureTask =	new	Task();

AIChannel myAIChannel;

myAIChannel =	temperatureTask.AIChannels.CreateThermocoupleChannel(
"Dev1/ai0",
"Temperature",
0,
100,
AIThermocoupleType.J,
AITemperatureUnits.DegreesC
);

AnalogSingleChannelReader reader	=	new	AnalogSingleChannelReader(temperatureTask.Stream);

double	analogDataIn =	reader.ReadSingleSample();

txtMeasurementValue.Text =	analogDataIn.ToString("0.0");
}

Get	Measurement	Data	
from	TC-01	Sensor



void	SaveMeasurementData()
{
string	sensorName;
double	measurementValue;

sensorName =	txtSensorName.Text;
measurementValue =	Convert.ToDouble(txtMeasurementValue.Text);

try
{
using	(SqlConnection con	=	new	SqlConnection(connectionString))
{
SqlCommand cmd =	new	SqlCommand("SaveMeasurementData",	con);
cmd.CommandType =	CommandType.StoredProcedure;

cmd.Parameters.Add(new	SqlParameter("@MeasurementName",	sensorName));
cmd.Parameters.Add(new	SqlParameter("@MeasurementValue",	measurementValue));

con.Open();
cmd.ExecuteNonQuery();
con.Close();

}

}
catch	(Exception	ex)
{
throw	ex;

}

}

Save	Measurement	Data	
to	Database
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Monitoring

• We	will	create	some	basic	Web	Applications	using	ASP.NET
• ASP.NET	is	a	Web	Framework	for	creating	Web	Pages
• ASP.NET	is	built	on	top	of	the	.NET	Framework
• You	use	Visual	Studio	and	C#
• ASP.NET	Web	Forms	are	very	similar	to	standard	Win	Forms	
that	you	are	already	familiar	with.

• If	you	know	ordinary	WinForms,		you	also	know	ASP.NET	
WebForms!



ASP.NET
GridView	Example
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GridViewGridView



Create	New	ASP.NET	
Application
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ASP.NET	Web	Application

• Choose	File	->	New	Project







Create	a	Web	Form
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Create	GridView



Connection	String
It	is	recommended	that	you	store	the	Connection	string	in	Web.Config
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Create	Connection	String	in	Web	Config



Create	Class
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using	System;
using	System.Collections.Generic;
using	System.Data.SqlClient;
using	System.Configuration;

namespace	GridView_Example
{
public	class	MeasurementData
{

public	int MeasurementDataId {	get;	set;	}
public	DateTime MeasurementTimeStamp {	get;	set;	}
public	double	MeasurementValue {	get;	set;	}

public	List<MeasurementData>	GetMeasurementData()
{

string	connectionString =	ConfigurationManager.ConnectionStrings["DatabaseConnectionString"].ConnectionString;

List<MeasurementData>	measurementDataList =	new	List<MeasurementData>();

SqlConnection con	=	new	SqlConnection(connectionString);

string	selectSQL =	"select	MeasurementDataId,	MeasurementTimeStamp,	MeasurementValue from	GetMeasurementData where	MeasurementName ='TC01-1'";

con.Open();

SqlCommand cmd =	new	SqlCommand(selectSQL,	con);

SqlDataReader dr =	cmd.ExecuteReader();

if	(dr !=	null)
{
while	(dr.Read())
{
MeasurementData measurementData =	new	MeasurementData();

measurementData.MeasurementDataId =	Convert.ToInt32(dr["MeasurementDataId"]);
measurementData.MeasurementTimeStamp =	Convert.ToDateTime(dr["MeasurementTimeStamp"]);
measurementData.MeasurementValue =	Convert.ToDouble(dr["MeasurementValue"]);

measurementDataList.Add(measurementData);
}

}

con.Close();

return	measurementDataList;
}

}
}

Create	Class



Web	Form

You	find	the	GridView	in	the	Toolbox



protected	void	Page_Load(object	sender,	EventArgs e)
{

FillDataGrid();

}

private	void	FillDataGrid()
{

List<MeasurementData>	measurementList =	new	List<MeasurementData>();
MeasurementData measurementData =	new	MeasurementData();

measurementList =	measurementData.GetMeasurementData();

gridViewMeasurementData.DataSource =	measurementList;

gridViewMeasurementData.DataBind();
}

Web	Form	Code



Run	your	Application

Make	sure	to	set	your	
WebForm as	Start	Page

Click	the	green	arrow	or	F5	in	
order	to	start	the	application



Final	Results



ASP.NET
Charting	Example
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ChartChart



Web	Form

You	find	the	Chart	in	the	Toolbox



protected	void	Page_Load(object	sender,	EventArgs e)
{
FillChart();

}

private	void	FillChart()
{

chartMeasurementData.Series.Clear();
chartMeasurementData.Series.Add("MeasurementData");
chartMeasurementData.Series["MeasurementData"].ChartType =	SeriesChartType.Line;

ChartArea area	=	chartMeasurementData.ChartAreas[0];
area.AxisY.Minimum =	20;
area.AxisY.Maximum =	30;

List<MeasurementData>	measurementList =	new	List<MeasurementData>();
MeasurementData measurementData =	new	MeasurementData();

measurementList =	measurementData.GetMeasurementData();

foreach (MeasurementData data	in	measurementList)
{
chartMeasurementData.Series["MeasurementData"].Points.AddXY(data.MeasurementDataId,	data.MeasurementValue);

}

}

Web	Form	Code



Run	your	Application

Make	sure	to	set	your	
WebForm as	Start	Page

Click	the	green	arrow	or	F5	in	
order	to	start	the	application



Final	Results



ASP.NET
Charting	and	GridView	Example
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Monitoring	App

• We	combine	the	GridView	and	Charting	Examples

47



Monitoring	App

In	this	Example	both	the	Data	
and	the	Web	App	are	on	my	
local	computer
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The	Cloud

• We	have	successfully	created	a	local	Datalogging	and	Monitoring	
System

• The	next	step	is	to	store	the	Measurement	Data	into	the	Cloud	
instead	of	a	local	Database

• Necessary	Steps:
– Create	a	Microsoft	Azure	account
– Goto the	Azure	Portal	https://portal.azure.com
– Create	a	Microsoft	Azure	SQL	Server	Database	and	put	your	Tables,	Stored	
Procedures	and	Views	into	the	Azure	SQL	Server	Database

– Change	the	Connection	String	for	your	local	Logging	App



The	Cloud	
(Microsoft	Azure)
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Microsoft	Azure
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Microsoft	Azure	SQL	Database

We	need	to	do	the	following
• Create	Microsoft	Azure	SQL	Server	and	Database
• Get	Connection	string
• Give	access	in	Firewall
• Connect	to	the	Database	from	local	SQL	Server	Management	
Studio



Microsoft	Azure	SQL	Database



Connection	String



Firewall



Connect	to	local	SQL	Server	Management	Studio



Insert	Tables,	View	and	Stored	Procedure	from	
Script



Cloud	Data	Logging
LabVIEW	Example
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LabVIEW	Example

Change	your	Connection	String



Check	if	Data	are	stored	in	the	Cloud

It	Works!



Cloud	Monitoring
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Cloud	Monitoring

• Example	1:
–We	just	change	the	Connection	string	for	our	local	Web	Monitoring	
App

– ..
• Example	2:
–We	Deploy	the	Web	Monitoring	App	so	it	is	hosted	in	the	Cloud	
(Microsoft	Azure)	as	well



Cloud	Monitoring
Example	1

Hans-Petter	Halvorsen http://www.halvorsen.blog



Change	Connection	String

• We	only	need	to	change	the	Connection	String	in	Web.config

<connectionStrings>
<add	name="DatabaseConnectionString_cloud"	connectionString="DATA	

SOURCE=xxx.database.windows.net;UID=xxx;PWD=xxx;DATABASE=xxx"	
providerName="System.Data.SqlClient"/>
</connectionStrings>



Monitoring	App

In	this	Example	we	run	the	
Web	App	locally,	but	we	get	
the	Data	from	the	Cloud	
(Microsoft	Azure)



Cloud	Monitoring
Example	2
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Cloud	Monitoring

• In	addition	to	the	SQL	Server	Database	we	will	also	deploy,	or	
install	the	Web	Application	as	well,	in	the	Cloud	(Microsoft	
Azure)

• In	order	to	deploy	or	host	the	Web	Application	in	Microsoft	
Azure,	we	need	to	create	an	“Web	App”	using	the	“App	
Service”	feature	in	Microsoft	Azure



The	Cloud	
(Microsoft	Azure)

Tables

Logging	
App

Monitoring	
App

Views

Stores	Procedures

Triggers

Temperature	
Sensor

TC-01	Thermocouple

Table	Design

System	Overview

ASP.NET



Microsoft	Azure	– App	Service

After	clicking	“Add”,	select	“Web	App”



Then	you	get	a	URL	like	this:	http://datamonitoringapp.azurewebsites.net



Default	Documents

Here	you	can	configure	the	name	for	your	start	page.

I	have	changed	my	start	page	from	“WebForm1.aspx”	to	“Default.aspx”	in	
Visual	Studio.
Then	I	removed	all	Default	documents	in	the	list	except	“Default.aspx”
Remember	to	click	“Save”	afterwards.



Publish



Publish

Select	your	Web	App	from	the	list



Your	Web	Application	is	successfully	hosted	in	the	Cloud	(Microsoft	Azure)	

In	this	Example	we	run	the	
Web	App	in	the	Cloud,	and	
we	get	the	Data	from	the	
Cloud	(Microsoft	Azure)



Errors?	Possible	Solutions
Turn	on	more	descriptive	error	messages.	

Set	customErrors mode=“Off”	in	your	Web.config File

Remove	this	part,	because	this	directory	
do	not	exists	on	the	Server



Data	Logging
Web	API
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Web	API

• We	will	improve	our	Logging	App
• Instead	of	connecting	directly	to	the	Database	from	the	
Logging	App	we	will	create	a	“Web	API”	that	is	hosted	in	
Microsoft	Azure.

• The	Advantage	with	this	solution	is	that	we	don't	need	to	give	
access	to	the	client	from	the	Firewall	in	Microsoft	Azure.

• Web	APIs,	REST	APIs	or	Web	Services	(Dear	child	has	many	
names	J)	uses	HTTP	and	are	therefore	Internet-friendly



The	Cloud	
(Microsoft	Azure)
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ASP.NET	Web	API

• We	create	a	simple	Web	API	that	we	use	to	store	the	data	
instead	of	communicating	directly	to	the	database

• The	Web	API	is	created	as	a	simple	ASP.NET	Web	Form	
Application

• We	deploy	the	Web	API	the	same	way	we	deploy	ordinary	
ASP.NET	Applications



Web	API	Example

We	test	the	Web	API,	and	we	see	that	
data	is	stored	in	the	Database



We	Deploy	the	Web	API	to	Azure

Note!	Make	sure	to	update	Connection	string	in	Web.config



Data	Logging
LabVIEW	Example
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We	Modify	the	Datalogging	App



Datalogging	App	using	the	Web	API



Web	API	SubVI



Data	Logging
Visual	Studio/C#	Example

WinForm Example
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Visual	Studio/C#	Data	Logging	App	with	Web	API



void	SaveMeasurementData()
{
string	sensorName;
double	measurementValue;

sensorName	=	txtSensorName.Text;
measurementValue	=	Convert.ToDouble(txtMeasurementValue.Text);

string	server	=	"http://measurementapi.azurewebsites.net/";
string	webMethod;
string	uri;

var	webclient	=	new	WebClient();

webMethod	=	"SaveMeasurementData.aspx?name="	+	sensorName	+	"&value="	+	measurementValue;

uri	=	server	+	webMethod;

webclient.UploadString(uri,	"POST",	"");
}

Visual	Studio/C#	Code

The	Code	is	almost	identical	as	previous	Visual	
Studio/C#	example.	The	only	thing	that	is	

changed	is	the	SaveMeasurementData()	Method
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