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Background

You work as a System Engineer for a System Engineering Company.

An Industrial Production Company has announced a competition between several selected
System Engineering companies to perform a preliminary Project.

Your Assignment is to develop a Datalogging and Monitoring System Prototype/PoC.

The system should consist of a SQL Server Database, a Datalogging Application and a Data
Monitoring Application.

You need to design a general and flexible Database structure that is suitable for the system.
To create proper and user-friendly GUI/HMI is an important part of the Prototype.

The delivery is a Technical Report where you shall give an overview of the entire system made,
including the Methods used and the Results archived.

The PoC and the Report will be an important foundation for decision making within the company
when it comes to the final implementation of the system sometime in the future. Note! Multiple
System Engineering companies have been given this opportunity, so it is important that you
“Add Value” and stand out compared to the others in order to be selected as the final
Contractor.



System Requirements

* Design the Database using erwin Data Modeler.

— The Table structure need to be flexible, and it should be possible to store data from different
Temperature Sensors and Statistics Data. At least 3-5 Database Tables are required.

* Implement Tables, Views, Stored Procedures and Triggers using SQL Server.

— Triggers should be made to convert from Celsius to Fahrenheit and to store Statistics Data in the
Database like Mean, Standard Deviation, Max and Min

* Create a Datalogging Application using LabVIEW.

— The Application should read data from the Temperature Sensor and store the data into the Database.
Create proper GUI including showing a Chart, Real-Time Data and Historical Data, etc.

— The Data should be stored in the Database using a Stored Procedure

* Create a Data Monitoring Application using Visual Studio/C#.

— The Application should read data from the Database and present them in a user-friendly and
intuitive way with real-time data, historical data and statistics data. Create and use at least 1
Database View.

— You can choose between a standard Windows Forms Desktop Application or ASP.NET Core Web
Application

These are the complete requirements for the assignment. The rest of this document contains resources like
additional information, code examples, tips and tricks, step-by step instructions, etc. that you can use at your
own discretion.
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Use Case Scenario (Alt1)

T Building B
Building A Assume that you can have multiple Data Logging
Floor A.3 Room A-307 AppIiFations .that are in (?Iifferent places inside multiple
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Sensor T.A.3 _{ Logging from other Sensors, CO2, etc.) and store the Data inside
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and Rooms using the Monitoring App

Sensor T.A.1 Logging
App




Use Case Scenario (Alt2)

Assume each Sensor has a separate Logging App that Log data

Home#1 from the Sensor and the send Data to a central Database
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Lab Overview
erW|n Database Design
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Software Bz

erwin & LahVIEW g Visual Studio

* erwin Data Modeler (Academic Edition, free download
from Internet)

* SQL Server Express Edition (Download for free from

Internet)
e LabVIEW %
e DAQmx Driver Software
- LabVIEW SQL Toolkit (Free download) icrosofte L
e Visual Studio SQL Server

Make sure to install the necessary Software before you go to the laboratory!




Greater Challenge? Make it possible to
change between different Temperature H a r d W a re
Sensors or use multiple Sensors

USB-6008 I/O Module

- L. |

Internal | | o £ -
terminal block EEE

SARB300000000000

Cable clamp

Pt100 element

/.
[C ] /L
/

//
7/

24VPSU___| . ‘ TC-01 Thermocouple
'Out Ut terminals £ é We will use a TC-01 Thermocouple Temperature Sensor, TMP36,
P Nl SR Thermistor and PT-100 Temperature Sensors and a USB-6008 1/0

PT100 Temperature Sensor Device Module
Note! If you don't have a Temperature Sensor available, you can create and use a Simulator



System Overview
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System Overview

=2 LabVIEW
Logging — M -
o — 0A|:>c|)o 8}
pq Visual Studio

___________________________

| ' Database
Temperature Sensor § Triggers §
Stores Procedures %
: Views i Microsoft“’ﬁ('\ ™
erwin—— .. | SQLServer
Tables i

Table Design e



Learning Goals

Learn key concepts within Database Systems

Learn Database Modelling

Learn Structured Query Language (SQL)

Learn practical skills and implementation of Database Systems
Learn more Programming (LabVIEW, C#)

Learn about Hardware-Software Interactions

Learn Practical Skills and Implementations in general

Learn Software Installation in general, which can be cumbersome with many
pitfalls

Learn to use and create Software in general
Learn to Design and Develop Software needed by a given client

Problem Solving: Learn to solve unexcepted Problems during Development of a
given System



Very often it works on one computer but
not on another. You may have other
versions of the software, you may have
installed it in the wrong order, etc...

In these cases Google is your best friend!

The teacher have not done
E D ]

all the Tasks in detail, so he
may not have all the
answers! That's how it is in
real life also!

The Teacher dont have all the answers (very few actually ®)!! Sometimes you just need to “Google” in
order to solve your problems, Collaborate with other Students, etc. Thats how you Learn!



ebugging

Use available Resources
such as User Guides,
Datasheets, Textbooks,
Tutorials, Examples,
Tips & Tricks, etc.

Troubleshooting

Use the Debugging Tools in your

Programming IDE.
Visual Studio, LabVIEW, etc. have great

Debugglng Tools! Use them!!
. My System

>} LabVIEW is not

m Working??
II!

“Google It

Use H
You probably will find the @ WMicrosoft L2 e SRS
answer on the Internet Teams y

8 Check your electric circuit, electrical cables, DAQ device, etc. Check if
Another person in the world probably  the wires from/to the DAQ device is correct. Are you using the same

had a similar problem I/O Channel in your Software as the wiring suggest? etc.



Lab Assighment Guidelines

Make sure to read the whole assignment before you start to
solve any of the problems.

If you miss assumptions for solving some of the problems, you
may define proper assumptions yourself.

The Tasks described in the Assignment are somewhat loosely
defined and more like guidelines, so feel free to interpret the
Tasks in your own way with a personalized touch.

Feel free to Explore! Make sure to Add Value and Creativity to
your Applications!

Try to add some extra value and be creative compared to the
simplified examples given by me, in that way you learn so
much more.



Lab Assighment Guidelines

Think about the Lab Assignment as a small real-life industrial
Project, and not a set of tasks or exercises.

What does the company that hire you expect from you when
you deliver this project? What kind of Quality is expected?

Try to see your work in a larger context than just a Lab
Assignment or a set of exercises.

Try to see the big picture. The tasks within the assignment
are just just small building blocks that ends up with a fully
working system.

It is recommended that you make a Work Plan and a System
Sketch that gives you an overview of what YOU should do




Lab Work Requirements

Make sure to see the “Big picture” — you don’t need to document every single step you
have made. Focus on what’s important (your final system).

Your GUIs is important! - make sure to make them user friendly and intuitive. You create
this on behalf of someone that are going to use your applications.

Make sure to always add Units in your GUI, charts, documentation, etc.

Presenting values with 4+ decimals makes no sense! E.g., a temperature sensor is not
that accurate. You can easily change number of decimals that you present in your GUI in
LabVIEW, C#, etc.

The Quality of the LabVIEW code is important. Make sure to use "straight lines" in your
LabVIEW code, etc. The code should also flow from left to right, not opposite direction.
You create this on behalf of someone that are going to use your applications. Neat code
makes it easier to develop, maintain, find code errors, etc.

In general, make sure that you take some pride in your applications and the work that
you do. It's not about getting finished as soon as possible. The mission is to learn as
much as possible within a given timeframe. Try to change the mindset.

To improve the LabVIEW code, please see this video: LabVIEW Applications using State
Machine: https://youtu.be/-b9St8wNhpQ



https://youtu.be/-b9St8wNhpQ
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erwin Data Modeler Academic Edition

* Database Modelling Tool for creating ER (Entity
Relationship) diagrams

e Students and teachers of approved accredited academic
institutions can apply for the Academic Edition of erwin
Data Modeler to use on their personal computers.

* |ts free, but you need to apply for it - so it may take 2-5
days before you get it!

e Make sure to do this ASAP
e https://www.erwin.com/register/129709/

erwin


https://www.erwin.com/register/129709/

ER Diagram

ER Diagram (Entity-Relationship Diagram)
e Used for Design and Modeling of Databases.
* Specify Tables and relationship between them (Primary Keys and Foreign Keys)

Table Name
Example:
Table Name [/ BOOK CHAPTER
PK | Bookld PK Chapterid
¢
BookTitle FK1 | Bookld Column
Summary ChapterNumb Names
ChapterTitle
Primary Key Primary Key  roreign Key

Relational Database. In a relational database all the tables have one or more relation with each other using Primary Keys
(PK) and Foreign Keys (FK). Note! You can only have one PK in a table, but you may have several FK’s.



Database - “Best Practice”

Tables: Use upper case and singular form in table names — not plural, e.g.,

“STUDENT” (not “students”)

Columns: Use Pascal notation, e.g., “Studentld” U |

Primary Key: \—/
* If the table name is “COURSE”, name the Primary Key column “Courseld”, etc.
* “Always” use Integer and Identity(1,1) for Primary Keys. Use UNIQUE

constraint for other columns that needs to be unique, e.g. “RoomNumber”

Specify Required Columns (NOT NULL) —i.e., which columns that need to have

data or not

Standardize on few/these Data Types: int, float, varchar(x), datetime, bit

Use English for table and column names

Avoid abbreviations! (Use “RoomNumber” — not “RoomNo”, “RoomNr”, ...)

It is strongly recommended that you follow these guidelines!




Database System o

Create the overall Specifications and Design for your
System

Start by Design the Database Tables using ERwin and
create a SQL Script

Implement the Tables in SQL Server, e.g., using a SQL
Script generated in ERwin

Then Create necessary Views, Stored Procedures and
Triggers within the SQL Server Management Studio. It is
recommended that you save these as separate SQL Files
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Microsoft SQL Server

1 Note! These are 2 separate
p) modules you need to install

SQL Server Database Engine

and Repository SQL Server Management Studio

4= Microsoft SQL Server Management Studio

File Edit View Query Debug Tools Window Community Help

Qe o) O (3 |5 | B 5

¢ | scHooL - | ¥ Execute b vio =[] 3T fEEEn = 2 % B
| Object Explorer \; SQLQueryl.sql - P...SCHOOL (sa (52))"| ~ x |[Properties -3 x
e ect select - from SCHOOL|

A — ~ T‘ Current connection parameters ~
& [ PC88235\DEVELOPMENT (BQL Serve ~ B

= 1§ Databases

@ (3 System Databases B Aggregate Status

@ [J LIBRARYSYSTEM Connection fi

@ i SCADA Elapsed time 00:00:00.0270016

\ _ Finish time  20.03.2012 08:28:1
[ 3 Database Diagrams F Name PC88235\DEVELO
= [ Tables Rows returne: 4

System Tables Start time 20.03.2012 08:28:1
dbo.CLASS State Open
dbo.COURSE El Connection

dbo.GRADE = Connection n PC88235\DEVELO

dbo.SCHOOL o v - y + |||B Connection Details
dbo.STUDENT Connection e 00:00:00.0270016
dbo.STUDENT_COUR 3 Resutts | [y Messages Connection fi 20.03.2012 08:28:1
dbo. TEACHER Schoolld _ SchoolName Description Address Phone PostCode PostAddress

Connection n 4
Connection s 20.03.2012 08:28:1'

FEPPEEEEE
goooopoow

dbo. TEACHER_COURY|
@ [ Views
@ 3 Synonyms

TUC The best school Telemark  NULL  NULL NULL
MT OK School USA NULL  NULL NULL

Connection s Open

pwN =

- ~ NTNU The second best school Trondheim NULL NULL NULL Display name PC88235\DEVELOI
@ [ Programmability 4 University of Oslo  The third best school Oslo NULL  NULL NULL Login name  sa
o0 sorsge Serer mame | PCSE23S\DEVELO
@ Ca Se(ur?ty Server versior 10.50.1600

@ [J TEST Session Tracit

@ | WEATHERDATA L SPID 52

The Data Storage fi= ———

The name of the connection.

» (@ Query executed successfully. PC88235\DEVELOPMENT (10.50 ... | sa (52) | SCHOOL | 00:00:00 | 4 rows

Lnl Col21 Ch21 INS

A graphical interface to the Database Engine where you
can create tables and manipulate data, etc.




Microsoft SQL Server 6

e Start by Design the Database Tables using ERwin and
create a SQL Script

* Implement the Tables in SQL Server, e.g., using a SQL
Script generated in ERwin

* Create necessary Views, Stored Procedures and
Triggers within the SQL Server Management Studio.
— Put each of them into a .sql file.

— You may wait to create them until you need them in the
LabVIEW or C# Code.



Microsoft SQL Server Management Studio

dit View Query Debug Tcols Window Community Help

@newoue)| 0y | 3 |25 i B |

% | scHooL - | ¥ Execute b W o 30 =[] 3T @ | E3[EHEN = 2 % B
Obj = SQLQueryl.sql - P...SCHOOL (sa (52))"| ~ X ||Prope
C \ L Server select - from SCHOOL]

Current connection parameters ~

=
B Aggregate Status

Connection fi

ase Write your Query here Elapsed time 00:00:00.0270016

Finish time  20.03.2012 08:28:1

SCADA |
our Datak
1 Database Diagrams Name PC88235\DEVELO}

[ System Databases
| J LIBRARYSYSTEM

Q)

= [ Tables Rows returne: 4
£& System Tables Start time 20.03.2012 08:28:1
= dbo.CLASS State Open
=1 dbo.COURSE B Connection
You |E] =1 dbo.GRADE s Connection n PC88235\DEVELOF
= dbo.SCHOOL = a| ‘ = ] o B Connection Details
3 dbo.STUDENT - Connection e 00:00:00.0270016
Ta blesil dbo.STUDENT_COURS (3 Resutts [ [y Messages| Connection fi 20.03.2012 08:28:1
3 dbo.TEACHER SchoolName Description Address Phone PostCode PostAddress Connection n 4
@ 3 dbo.TEACHER_COURS 1 TUC The best school Telemark  NULL  NULL NULL Connection s 20.03.2012 08:28:1
3 Views 2 MIT OK School USA NULL  NULL NULL Connection s| Open
C3 Synonyms - 3 3 NTNU The second best school  Trondheim  NULL  NULL NULL Display name PC88235\DEVELOH
3 Programmability 4 4 University of Oslo  The third best school Oslo NULL  NULL NULL

- Logi
[ Service Broker ogin name sa :
[3 Storage Server name PC88235\DEVELOH

e The result from your Query Server versior|10.50.1600

| J WEATHERDATA L SPID 52
‘,j :ecurrtéb. t Name
E Dervrer - yects -~ The name of the connection.
< | : T ] » @ Query executed successfully. PC88235\DEVELOPMENT (10.50 ... | sa (52) [ SCHOOL | 00:00:00 | 4 rows

Ready Lnl Col 21 Ch21 INS




Database Design in SQL Server Management Studio

3;\ XPS15HPH\SQLEXPRESS.MEASUREMENT_SYSTEM - Table Design* - Microsoft SQL Server Management Studio
File Edit View Project Debug Table Designer Database Diagram Tools Window Help

0015 -2 W | Anevauey BBBEB| LA -C <[ It is also possible to Design the Tables

Object Explorer A Ol XPS15HPH\SQLEXPR...EM - Table Design* + X . .
——ry ’ using SQL Server Management Studio
= LB XPS15HPH\SQLEXPRESS (SQL Server 13.0.1742 - sa) -

(= 3 Databases

(# [ System Databases

@ |J BOOKAPP Column Name Data Type Allow Nulls
“ U BOOKS @ SensorTypeld int

@ [J CHART yp 0O

@ | J COMPANYDB SensorTypeName varchar(100) O

@ | | LOGGINGSYSTEM 0O

2] \J MEASUREMENT_SYSTEM
= [3 Database Diagrams
3% dbo.Table Design
SEe S
(# [ System Tables
® (3 FileTables
@ = dbo.MEASUREMENT
@ 3 dbo.SENSOR
@ 3 dbo.SENSORTYPE
3 Views
3 Synonyms
3 Programmability
[ Service Broker
[ Storage
3 Security
| J MEASUREMENTDB
|J MONITORING
|J OPPTAK
\J PERSONDATABASE
|J scHooL
| J STUDENT
| J TEMPERATURESYSTEM
[J TEST
® [J TOOLSYSTEM
® [J USN
@ | J VOTINGSYSTEM
@ | WEATHER
@ | J WEATHERSYSTEM
@ 3 Security
([~ Server Obiects

Column Name Data Type Allow Nulls

Column Name Data Type Allow Null: ? Measurementld int

¥ Sensorld int O Sensorld int

SensorName wvarchar(100) O easurementValue float
SensorTypeld int §

®

&

easurementTimeStamp  datetime

=

OoREO0O

&=

2]

[
®

®

2]

Note! We should use erwin Data Modeler, but
you can use this feature in SSMS to see/check
that the Tables have been created properly

1B

®




Database Design and Implementation

Need to make some improvements? Update the Table Design in erwin Data Modeler

It is not recommended

v to make changes here
[erwin Data} [ SQL Server }

Modeler Management
Studio

Create Table Script .
Import Table Script

Table
Script.sql




SQL — Structured Query Language

. Theory,
Query Examples: u/
* insert into STUDENT (Name , Number, SchoolId)

values ('John Smith', '100005', 1)
* select SchoolId, Name from SCHOOL
* select * from SCHOOL where SchoolId > 100
* update STUDENT set Name='John Wayne' where StudentId=2

 delete from STUDENT where SchoolId=3

We have 4 different Query Types: INSERT, SELECT, UPDATE and DELETE



Views, Stored Procedures and Triggers

 Views: Views are virtual tables for easier access to
data stored in multiple tables.

* Stored Procedures: A Stored Procedure is a
precompiled collection of SQL statements. In a
stored procedure you can use if sentence, declare
variables, etc.

* Triggers: A C
automatical

atabase trigger is code that is
y executed in response to certain

events on a

oarticular table in a database.



Database Views

e A Database View is a “virtual” table that can contain
data from multiple tables

* You probably need to Create and Use one or more
Database Views in order to get Data from the Database,
both in the Data Logging App and Data Monitoring App

It is recommended that you wait to create them until you
need them in the LabVIEW or C# Code



. Create View:

IF EXISTS

GO

CREATE
AS

SELECT

SCHOOL

COURSE

FROM
SCHOOL

FROM
WHERE
AND

(SELECT name

sysobjects

name = 'CourseData'
type = 'V')

DROP VIEW CourseData

Database Views -

QO),O

K

A View is a “virtual” table
that can contain data from

multiple tables

This part is not necessary — but if you make any

VIEW CourseData changes, you need to delete the old version before
\IOU can Update it
The Name of the View

.SchoolId,
SCHOOL.
COURSE.

SchoolName,
Courseld,

.CourseName,
COURSE.

Description

INNER JOIN COURSE ON SCHOOL.SchoolId

Usmg the View:

select * from CourseData 2

>

SchooHd

Inside the View you join the
different tables together using
the JOIN operator

You can Use the View as an

COURSE.SchoolId ordinary table in Queries:

SchoolName  Courseld CourseName Description

P TLe

roc

1 Industnal IT The best course ever
Control with Implementation Control Theory

3 Systems and Control Laboratory Practical Lav course



Database View Template

IF EXISTS (SELECT name

FROM sysobjects .
WHERE name = '<ViewNames' Copy to SQL Server Management Studio, save as a SQL
AND type = 'V') File (.sql) as the same name as the View you are going
DROP VIEW <ViewName> to create. Store all your files on your hard drive.
GO

CREATE VIEW <ViewName>
AS

SELECT
<TableName>.<ColumnName>,
<TableName>.<ColumnName>,
<TableName>.<ColumnName>,
<TableName>.<ColumnName>,
<TableName>.<ColumnName>

FROM

<TableNamel>
INNER JOIN <TableName2> ON <TableNamel>.<PrimKeyColumnNamel> = <TableName2>.<PrimKeyColumnName2>

GO



Stored Procedures

Typically, you need some Stored Procedures:

 The Datalogging App should use a Stored Procedure in
order to save Measurement Data to the Database.

 The Datalogging App should use a Stored Procedure in
order to save Configuration Data to the Database.
— Logging Interval
— Unit (Celsius or Fahrenheit)

It is recommended that you wait to create them until you
need them in the LabVIEW or C# Code



P -
Create Stored Procedure: StO re d P roce d u reS "%2

IF EXISTS (SELECT name

o ysoblects , A Stored Procedure is like a Method in C# - it
name = 'StudentGrade . . .
AND type = 'P') is a piece of code with SQL commands that

DROP PROCEDURE StudentGrade . .
GO do a specific task —and you reuse it
CREATE PROCEDURE StudentGrade This part is not necessary — but if you make any
@Student varchar(50), changes, you need to delete the old version before
@Course varchar(10), you can update it

@Grade varchar(1) Procedure Name

AS
Input Arguments
DECLARE _
@Studentld int, <€ Internal/Local Variables
@Courseld int Note! Each variable starts with @

select @Studentld = Studentld from STUDENT where StudentName = @Student

select @Courseld = Courseld from COURSE where CourseName = @Course

~ SQL Code (the “body” of the
insert into GRADE (Studentld, Courseld, Grade)

values (@Studentld, @Courseld, @Grade) Stored Procedu re)
GO

Using the Stored Procedure:
execute StudentGrade 'John Wayne', 'SCE2006', 'B'




Stored Procedure Template

IF EXISTS (SELECT name

FROM sysobjects .
WHERE name = '<StoredProcedureName>' Copy to SQL Server Management StUd|0;
AND type = 'P') save as a SQL File (.sqgl) as the same
DROP PROCEDURE <StoredProcedureName> o
co name as the SP you are going to create.
Store all your files on your hard drive.
CREATE PROCEDURE <StoredProcedureName>

@<InputVariablel> <DataType>,
@<InputVariable2> <DataType>
AS

DECLARE
@<InternalVariablel> <DataType>,
@<InternalVariable2> <DataType>

select @<InternalVariablel> = <ColumnName> from <TableName> where <ColumnName> =
@<InputVariablel>

insert into <TableName> (<ColumnNamel>, <ColumnName2>, ...) values (@<InternalVariablel>,
@<Inputvariablel>, ...)
GO



Database Triggers

You may need one or more Triggers that do e.g., the following:
e Convert Temperature to Celsius/Fahrenheit

— E.g., If Unit=Celsius, the Trigger should Convert Temperature Data to
Fahrenheit

— E.g., If Unit=Fahrenheit, the Trigger should Convert Temperature Data to
Celsius

— Both Celsius and Fahrenheit values should probably be stored in the
Database for easy access later in Monitoring App

* Calculate Average, Max, Min Temperature Data

— The Trigger should calculate and store Average(Mean), Max and Min
Temperature Data into the Database

You may wait to create them until you need them in the LabVIEW or C# Code



Database Triggers

IF EXISTS (SELECT name A Trigger is executed when you

FROM  sysobjects This part is not necessary — but

WHERE name — 'CalcAvgGrade' if you make any changes, you  insert, update or delete data in
AND type = 'TR') need to delete the old version . . .
DROP TRIGGER CalgAvgGrade / before you can update it a Table speufled in the T”gger
GO 0 .
— Name of the Trigger Inside the
CREATE TRIGGER CalcAvgGrade ON GRADE Trigger you Can
- \Specify which Table the use ordinary SQL
DECLARE . c . . .
@StudentId int, Specify what kind of operations the Trigger create variables,

@AvgGrade float shall act on ‘ etc.
\ . Q
Internal/Local Variables ‘ /)’,o/ —
ﬁ Q)

select @StudentId = StudentId from INSERTED
SQL Code
—_ _ — o ”
select @AvgGrade = AVG (Grade) m GRADE where StudentId = @StudentId (The “body
update STUDENT set Total€rade = @AvgGrade where StudentTId = @StudentTd _J  ofthe Trigger)

GO

Note! “INSERTED” is a temporarily table containing the latest inserted data, and it is very handy to use inside a trigger



Trigger Template

IF EXISTS (SELECT name

FROM  sysobjects Copy to SQL Server Management Studio, save as a SQL
QEERE “a;e/pz _<‘T3Tf;??erName> File (.sql) as the same name as the Trigger you are going
DROP TRIGGER <TriggerName> to create. Store all your files on your hard drive.

GO

CREATE TRIGGER <TriggerName> ON <TableName>
FOR UPDATE, INSERT, DELETE —--Delete the ones not needed
AS

DECLARE
@<InternalVariablel> <DataType>,
@<InternalVariable2> <DataType>

select @Variablel = Columnl from INSERTED
select @Variable? = AVG(Column?) from TABLE where Columnl = @Variablel
update TABLE set Column3= @Variabl2e where Columnl= @Variablel

GO
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Datalogging using LabVIEW
st by Desgn and Implement e z\A/[) et

Database Design \ Create Stored Procedure(s)

& Modelling and Triggers in SQL Server

Y
>

Temperature Sensor

Data Microsoft

I

Stored Procedure(s) S&I;assg\;zr

Triggers

Convert Temperature to Celsius/Fahrenheit

Calculate Average, Max, Min Temperature Data



LabVIEW HMI Example )

The Temperature Data from the Sensors(s) should be stored in the Database

Datalogging App

Tab Control —| Chart | Configuration
Select Sensor: [TC-Ol-l V]
Temperature Data:
30,
Show Temperature in |- C

Celsius or Fahrenheit 4|
depending on the
Configuration

Chart 28 l°C

Time

This is just a Design Sketch! Button

Feel free to Explore! Add Value!




LabVIEW HMI Example

The Temperature Data from the Sensors(s) should be stored in the Database

ot

Datalogging A This is just a Design Sketch!

Tab Control

— | Chart | Configuration

Feel free to Explore! Add Value!

Logging Interval:

Numeric Control

Combo Box — |

E.g., If Unit=Celsius, the Trigger
should Convert Temperature
Data to Fahrenheit

E.g., If Unit=Fahrenheit, the
Trigger should Convert

Unit:
B [ Celsius V]

A’[ 2 ] sec.

to Save Data to the Database

Use a Stored Procedure in order

|

Temperature Data to Celsius

|
Buttons ——




LabVIEW SQL Toolkit Ead

For Easy Database Communication with LabVIEW

SQL =)
I 1 I Q, Search l <, Customize~ ‘
SCeL SaL SCeL — SCL
OFEN SELECT wECUTE CLOZSE

SQL Open.vi SQL Select.vi SQL Execute.wvi SQL Close.vi

© Hans-Petter Halvorsen

Download for free here:
https://www.halvorsen.blog/documents/technology/database/database labview.php



https://www.halvorsen.blog/documents/technology/database/database_labview.php

LabVIEW SQL Toolkit Example

Easy Access to Database Systems from LabVIEW 3
2D Table with Data

Example 1: Get Data from Database into LabVIEW:

Data]
$abc] @
SQL Open. vi SQL Select.vi SQL Close. vi
e cj:';
OFEN
Your ODBC duery |—|
] Iselect * from SCHOOL order by Name

Connection Try these Examples

Example 2: Write Data to Database from LabVIEW:

SQL Open.vi SQL Execute.vil SQL Close, vi
SQL SoL SQL
[MyODBC E E

OPEN ERECUTE CLOSE

Query
Iinsert into SCHOOL (Name, Description) values ('TUC', 'The Best School in the World")




Connect to Database

e Alt 1: Use ODBC

— Setup your Database connection using a Wizard (“ODBC
Data Source Administrator”)

* Alt 2: Use Connection String directly
— Alt 2.2: SQL Server Authentication:

PROVIDER=SQLOLEDB; DATA SOURCE=COMPUTERNAME\SQLEXPRESS; DATABASE=MEASUREMENTS; UID=sa; PWD=xxx;

— Alt 2.1: Windows Authentication:

Data Source=<dbserver>;Initial Catalog=<dbname>;Trusted_Connection=True

See Examples on next slides...



ODBC

ODBC (Open Database Connectivity) is a standardized interface (API) for accessing the
database from a client. You can use this standard to communicate with databases from
different vendors, such as Oracle, SQL Server, etc. The designers of ODBC aimed to make it
independent of programming languages, database systems, and operating systems.

Control Panel - Administrative Tools - Data Sources (ODBC)

£ ODBC Data Source Administrator

User DSN  System DSN lFiIe DSN] Drivers] Tracing] Connection Pooling] About ] We Wi” use this ODBC Con nection Iater

System Data Sources:

T oma . in LabVIEW in order to open the
Default_Database Ngtional Instruments' Citagel 5 ( move .
LavEw Mictosot Access Drver b R | Database Connection from LabVIEW

Xtreme Sample Database 2008 Microsoft Access Driver [*.mdb’

Note! Make sure to use the 32-
bit version of the ODBC Tool!

< >

An ODBC System data source stores information about how to connect to

the indicated data provider. A System data source is visible to all users
on this machine, including NT services.

oK Avbryt Hielp




£ ODBC Data Source Administrator

User Data Sources:

Name | Driver
osoft dBase Driver (*.dbf)

osoft Excel Driver [*.xls)

Remove
Configure...

Excel Files
MS Access Database Microsoft Access Driver (*.mdb])

An ODBC User data source stores information about how to connect to
the indicated data provider. A User data source is only visible to you,
and can only be used on the current machine.

C o1

Avbipt |

-ew Data Source

Select a driver for which you want to set up a data source.

-~
b

Name

Microsoft Paradox-Treiber (*.db )
Microsoft Text Driver [“.txt; *.csv)
Microsoft Text-Treiber [*.txt; “.csv)
Microsoft Visual FoxPro Driver
Microsoft Visual FoxPro-Treiber

u_me: Z]adel 5 Database

RARYRY Mt bt

<

Create a ..ew Dai. sour.. 0 S{

This wizard will help you cj aﬁ &’ ﬁ source that you canuse to
connect to SAL Server. t
‘What name do you want cQ gn[Jee C I O n

Name: [TEST

_ —=rver

How do you want to describe the data source?

Description: |

which SOL Server do you want to connect to? (5 .
Server: IPCBBZSE\DEVELDPMENTl

The Name of your

]nglﬁ tserveArb | Hiel |

=

Create a New Data Source to SQL Server

How should SAL Server verify the authenticity of the login D7

7 With Windows NT authentication using the network login ID.

& With SOL Server authentication using a login ID and password
entered by the user.

To change the network library used to communicate with SOL Server,

click Client Configuration.
Client Configuration...

~ Connect to SAL Server to obtain default settings for the
additional configuration options.

@ Login IDi [sa1

Password:

< Tilbake

Select the Database
you are using

Create a New Data Source to SQL Server

¥ Change the default database to:

i B

Use strong encryption for data

Perform translation for character data
Use regional settings when outputting currency. numbers, dates and
times.

Save long running queries to the log file:

7|

[omis |

©)

I Attach database filename:

Use either Windows
or SQL Server
authentication
(Windows is simplest

-

¥ Use ANSI quoted identifiers.
¥ Use ANSI nulls, paddings and warnings.

< Tilbake I Neste > I

Long query time (millis
I~ Log ODBC driver statistics to the log file: [t el

A new DDBC data source will be created with the following
configuration:

g Microsoft SAL Server ODBC Driver Version 03.85.1132

Data Source Name: TEST
Data Source Descripti
Server: PCBSZBS\DEVELDPMENT

< Tibake

Avbryt Hielp

to use!)

Test your
connection to see
if its works

Database:

Language: [Default)

Translate Character Data: Yes

Log Long Running Queries: No

Log Driver Statistics: No

Use Integrated Security: No

Use Regional Settings: No

Prepared Statements Option: Drop temporary procedures on
disconnect

Use Failover Server: No

Use ANSI Quoted Identifiers: Yes

Use ANSI Null. Paddings and Wamings: Yes
Data Encryption: No

Test Data Sourc OK Cancel




LabVIEW SQL Toolkit Example

Easy Access to Database Systems from LabVIEW

Alternative Solution: Type in the Connection String for your Database

Type your Database here

I_'L\

Your Password for the sa user

sSeL

SaL

SELECT

|PROVIDER= SQLOLEDB;DATA SOURCE=HANSPH_LAPTOP\SQLEXPRESS;UID=5s3;PWD= DATABASE=SCHOOL
OFEN
L ' J
Iselect * from SCHOOL |~
Your SQL Server Instance
< \
% Your SQL Query

Note! When using this method, you don’t need to create an ODBC Connection first!



LabVIEW SQL Toolkit Example

‘ -3 Weather Data Logging -3

Y You should use a Stored ey
| Procedure for saving the
. J Temperature Data to the
- Database
‘M ... “%2.1f” means that this is replaced with the value
-G | (9 ] ([ sop | that comes from the Sensor with one decimal value.
=— J “t“ means it is a floating point value
[SQL Open.vi] l SQL Execute.vi] SQL Close.vi]
i
SQL Query
I%.; insert into TAGDATA (Value, TimeStamp) values (%:2.1f, getdate())
“%.:” in front of the W b
String means that ”." Wi” :DAQA N 1 - Thermometer
i ssistant I_Convert from Dynamic Data =
. . m data =) - so-
be used as Decimal Point . @




LabVIEW SQL Toolkit Example

(13 Add Book

. GUI/HMI =5 |f we want to save input data from the user,

([Cora of e ings ) |wecanuse the “Format Into String” function
porties The %s operator will be replaced by the text
([1R. Totkien || | from the TextBox on the Front Panel. For

e ~ | Numbers we can use %d (Integer) or %f for

o J FIoatmg point Number. Q ‘

ISEN
[34-2-333-56 IJ Code: OZO/

\ lexecute CreateBook '%s', '9%s’, %s', '%%s’, '%s'l ~ @
Category \ ( ; 8
=
) —

| | Fantasy \ J

3 r Y A th
OK J \m Cancel J ‘%ﬂ i

Example of Executing [
Resulting SQL Query: 2 Stored Procedure e |

execute CreateBook ‘Lord of the Rings', J.R.R. Tolkien', Wiley', ‘32-2-333-56', Fantasy'
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Data Monitoring using Visual Studio/C

TN
]
Microsoft
SQL Server <
Database View(s)
Stored Procedure(s)
~

-t

You can create a Desktop Application (WinForm App) or a Web
Application (ASP.NET Core App)




Visual Studio HMI Exampl

Data Monitoring App

-

Temperature Data: This is just a Design Sketch!
Ofoc Feel free to Explore! Add Value!
You should get
Chart the Data from
the Database
0
Y Time -
: A Typically, you get
Date & Time | Value [C] | Value [F]
2016.03.22 14:45 22 71.6 Database using
(R Min: 10 | °C Views and/or Stored
DataGridView Procedures
Max: [ 26] o
\ \
v Labels - TextBoxes




Data Monitoring Application

Alternatives (Choose one):

1. WinForm Desktop Application

— This is the “safe” choice and the recommended
choice for most of you

2. ASP.NET Core Web Application

— This is the “future” - for those who wants to learn
something new and add an extra challenge to the
assignment
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Windows Forms App

- ul

C reate a n eW p rOJ ect Search for templates (Alt+S) P" Clear all

Recent project templates = 7Ll == o0

i Windows Forms App (.NET Framework) C# |-c” NUnit} Test Project . . 0

A project that contains NUnit tests that can run on .NET Core on
TR R A cx Windows, Linux and MacOS.
C# Linux _macOS__ Windows Desktop  Test  Web
@ Blazor WebAssembly App c# )
I Windows Forms App (.NET Framework)
&1 ASP.NET Core Web App Cc# |:> ?v\ﬂ?ggrc;;(;rucsrsraitri]rggr?;\cspplication with a Windows Forms
C#  Windows  Desktop l}
I Windows Forms App
/ \ A project template for creating a .NET Windows Forms (WinForms)
When creating a Windows Forms App in Visual Studio, you can ——
. C# Windows Desktop
choose between 2 different Templates: - -
l-_] WPF Application
. Windows Forms App (N ET Fra mework) =" A project for creating a .NET WPF Application
. C#  Windows  Desktop
*  Windows Forms App
. . L. |-‘“ WPF Class Library
If you are planning on creating a Chart, it is recommended to = A project for creating a class library that targets a .NET WPF
pplication

choose “Windows Forms App (.NET Framework)” Template, C# Windows Desktop  Library )
because the Chart component are not available in the newer Back | [ ext
‘

K’Windows Forms App” Template j




using System;
using System.Collections.Generic;

using System.Configuration;
usmg SYStem.Data.Sqlcnent; a t a a S Xa m e
namespace MonitoringApp.Classes

{

public class SensorData

{

public List<SensorData> GetSensorData()

{

public int SensorDatald { get; set; } —
public double SensorValue { get; set; } 4
public DateTime SensorDateTime { get; set; } / % ‘

string connectionString = ConfigurationManager.ConnectionStrings["DatabaseConnectionString"].ConnectionString;
List<SensorData> sensorDatalList = new List<SensorData>();

SqglConnection con = new SqglConnection(connectionString);

string selectSQL = "select SensorDatald, SensorValue, SensorDateTime from GetSensorData where SensorName ='TC-01"";

con.Open();
SglCommand cmd = new SqlCommand(selectSQL, con);
SqglDataReader dr = cmd.ExecuteReader();

if (dr != null)

{
while (dr.Read())
{

SensorData sensorData = new SensorData();

sensorData.SensorDatald = Convert.Tolnt32(dr["SensorDatald"]);
sensorData.SensorValue = Convert.ToDouble(dr["SensorValue"]);
sensorData.SensorDateTime = Convert.ToDateTime(dr["SensorDateTime"]);

sensorDatalist.Add(sensorData);

}

con.Close();
return sensorDatalist;
}
}
}



public Form1()

{

Timer

Select the “Timer”
component in the Toolbox

InitializeComponent();

timer1.Start();

@ Timer Event:

private void timerl Tick(object sender, EventArgs €)

{

... //Read from DB <

Double-click on the Timer object in
order to create the Event

Properties: @

Properties ‘
timer1l System.Windows.Forms.Timer

2N
21| = B o)
{ApplicationSettings) ~ @
{MName) timerl
Enabled False
GenerateMember True
Interval 100

Modifiers Private
Tag

You may specify the Timer Interval
in the Properties Window

Structure your Code
properly!!

... //Formatting

... //Plot Data

}

Define Classes and Methods
which you can use here

In Visual Studio you may want to use a Timer instead

of a While Loop in order to read values at specific
intervals.



Charting in Visual Studio .,

Visual Studio has a Chart control that you can use in Windows Forms Applications ‘
https://msdn.microsoft.com/en-us/library/dd489237.aspx

http://www.i-programmer.info/programming/uiux/2756-getting-started-with-net-charts.html

using System.Windows.Forms.DataVisualization.Charting;

chartl.Series.Clear();
chartl.Series.Add("My Data");
chartl.Series["My Data"].ChartType=SeriesChartType.Line;

int[] x = {1, 2, 3, 4, 5, 6, 7, 8};
int[] y = {20, 22, 25, 24, 28, 27, 24, 26};
for (int i = @; i < x.Length; i++)

{
}

chartl.Series["My Data"].Points.AddXY(x[1],y[1]);


https://msdn.microsoft.com/en-us/library/dd489237.aspx
http://www.i-programmer.info/programming/uiux/2756-getting-started-with-net-charts.html
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ASP.NET Core Web Application

 ASP.NET is a Web Framework for creating Web
Applications

 ASP.NET is integrated with Visual Studio and you
will use the C# Programming Language

* .NET Core is cross-platform, meaning it will work on
Windows, Linux and macOS.

 ASP.NET Core is Microsoft’s newest baby, and it is
the future of Web Programming




ASP.NET Core in Visual Studio

X
Create a new
. Search for templates (Alt+5) P~ Clear all
project

cz v Windows v Web v
Recent project templates

.D ASP.NET Core Web Application

Project templates for creating ASP.NET Core web apps and web APIs for Windows, Se I e Ct t h e / \S P' N ET CO re
c#

Linux and macOS using .NET Core or .NET Framework. Create web apps with Razor
Pages, MVC, or Single Page Apps (SPA) using Angular, React, or React + Redux.

ﬁ;s.’:)'l?istriowne(l?NET e c# Linux macOS Windows Cloud Service Web We b A p p I I Ca t I O n P rOJ e Ct

Framework) —

@ Blazor App
d
ASP.NET Project templates for creating Blazor apps that that run on the server in an ASP.NET

.~ ASP.NET Core Web
Application

Web Core app or in the browser on WebAssembly. These templates can be used to build
Application  Visual Basic web apps with rich dynamic user interfaces (Uls).
(.NET
Framework) c# Linux mac0S Windows Cloud Web
Windows Forms App s gRPC gRPC Service
(NET Core) A project template for creating a gRPC ASP.NET Core service using .NET Core.
Python C#  Llinux  macOS  Windows  Cloud Service  Web
& Application Python

ui@ Razor Class Library
(D)L

[c# Windows Forms App c# A project template for creating a Razor class library.

(.NET Framework)



ASP.NET Core Examples

Recommended Videos:
e ASP.NET Core — Introduction:
https://youtu.be/zkOtiBcwo8s

e ASP.NET Core - Database Communication:
https://youtu.be/0Ta3dQ3rxzs

 ASP.NET Core — Charts:
https://youtu.be/mksUIs9fx-Q

Download Examples here: https://www.halvorsen.blog/documents/programming/web/aspnet



https://youtu.be/zkOtiBcwo8s
https://youtu.be/0Ta3dQ3rxzs
https://youtu.be/mksUls9fx-Q
https://www.halvorsen.blog/documents/programming/web/aspnet

ASP.NET Core Resources

Web Programming

ASP.NET Core * Textbook
Hans-Petter Halvorsen e Videos

._,@ * Tutorials
- @  Example Code

https://www.halvorsen.blog

httpsy/ waaehalvorseniblog /documents/programming/web/aspnet



https://www.halvorsen.blog/documents/programming/web/aspnet

This should be your final Solution

i3 LabVIEW
Logging G =) [ Mor;‘itoring}
App pp
DQ Visual Studio

|

Temperature o . Database
/ Sensor / T
erwin Bin— SQL Server
; Tables |

Table Design o
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