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System Overview

1. Design the Database using ERwin

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

3. Create a Datalogging App using LabVIEW.

4. Create a Data Monitoring App using
Visual Studio/CH.
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Necessary Software Soiwinre

E @m =2 LabVIEW b Visual Studio

 ERwin (CA ERwin Data Modeler Community Edition, free
download from Internet)

 SQL Server (Express) Edition (SQL Server xxxx Express with
Tools)

e LabVIEW
e DAQmMx Driver Software

* LabVIEW SQL Toolkit (© Hans-Petter Halvorsen) . .
* Visual Studio SQL Server
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ERwIN

Database Modelling and Design
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Database Design — ER Diagram "

ER Diagram (Entity-Relationship Diagram)
* 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 ChapterNumbep”| Names
ChapterTitle
Primary Key Primary Key poraignRey

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.



Introduction to ERwin

How-To: Create Tables and Columns

L Use the “Entity” Tool in order

File Edit View Diagram Model Actions .
asa s skoe. {E) to Create New Tables

6 E o QR e

Model Explorer 7 x
|

= [ Model_2 BOOK

[T Annotations
@} Datatype Standards

TM - [Model2 : ER_Diagram_163 * ]

; a2 gefaurt Values Rookld CHAPTER
@ E% Entities
&= % r%‘R‘:‘Dilasgrams BookTitle Cha pte rid
6 Naming Standards S umma
e n-g Re.a_nognships Y ChapterNumber
I Svoodiain ChapterTitle

%" Validation Rules

Use <Tab>and <Enter>in order to give the
Tables a Name and to create Columns.
Use the <Arrows> to switch between the
Columns inside a Table

4l

@l«

o)



Database Example

Take into considerations that you can add multiple type of sensors later without having to change the database structure

[ >ensor J Measurement
Name, ‘ Data
Sensor Type, Date & Time,
[ Configuration } Celsius Value,
. Fahrenheit Value
Logging Interval,
Unit, Measurement
Information
Measurement
Name, Statistics
Sensor,

Mean, Max, Min, ...



SENSOR_TYPE
Sensorlypeld

SensorIypeName Data base (Logical)

SENSOR MEASUREMENTDATA

Measurementld

SensorName Sensorld (FK)
SensorTypeld (FK) | MeasurementTimeStamp
< Measurementiyalue
FahrenheitValue

Sensorld

STATISTICSDATA
StatistcsDatald

Sensorld {(FK)
AverageData
MinData
MaxData



Setting Data Types (Physical I\/Iodel)

(]

Name

CHAPTER

Volumetrics | Definition | Style | Icon Where Used | UDP History | Notes

Volumetrics

220l

Make sure to set
ety 20 Proper Data Types

Domain

General | Constraint | Link Key Groups @ Style

Initial Row Count g =43 l qy =59

Max Rows = -E? <default>
: =

Growth By Month il L] @ Blob

- []%5 Datetime
[ 1%5 Number
D‘E:, String

(You may also Double-click (or Right-click and
select Table/Column Properties) on Tables
and Columns in order to change different

|

E'? Default ...

v

| %@

v M
v -
v -

Entity 'BOOK" Attribute ‘Bookld’ Editor

Enter filter text

-
I
I

Definition | Where Used | UDP

Logical Data Type |Primary Key | Foreign Key |Logical Only
=2 BookId El?<defa... ~ | CHAR(18)
BookTitle E'._, <defa... « |CHAR(18)
Summary E? <defa... « |CHAR(13)

History (I * | *

Name: "v_:'dl_- | BooklId [
Logical Data Type
| crar@s) ~]
Null Option
] El Not Null L[
Cancel

N Attributes, eg. Data Types, etc.




SENSOR_TYPE
SensorlTypeld: int

SensorTypel:l\ame: varchar{50) D ata ba S e ( P hyS i Ca I )

SENSOR : MEASUREMENTDATA

Sensorld: int Measurementld: int

SensorName: varchar{50) | Sensorld: int (FK) _
SensorTypeld: int (FK) ‘ MeasurementTimeStamp: datetime

MeasurementValue: float
FahrenheitValue: float

STATISTICSDATA
StatisticsDatald: int

Sensorld: int (FK)
AverageData: float
MinData: float
MaxData: float






Creating TABLE Script

How-To: Create a SQL Script Make sure you are using
=

the Physical Model

File Edit | View | Diagram Model Actions Teeols Window Help I ”F d E = = 77
R @ Logical Model Ctrl+Shift+L = B B 3 - 2 Se eCt orwar nglneerlng
- P " ”
Physical Model Ctrl+Shift+P lu .8 B =R and Schema_"
Display Level >
EselExp TP e ~ [ Jiagram  Model | Actions | Tools Window Help
Whindows s § 59 &) _ | 3@ Target Database...
= sh el o Q& fensionmations * | [B ~ | Physical ol -
Model Explorer 3 x = Database Connection... ’
%% Reverse Engineer... 4
3 Forward Engineer Schema Generation I FEnr i e * HZ‘% Schema...
&% Complete Compare... |
Option Set: | Default Schema Generation v Open... Save Save As... Delete Manage Snapshots % Check Model |
Options | Summary | Comment Design Layers > Forward Engineering Templates...
SQL Server 2012 Schema Generation Table
gecurity [~ Pre-Script ~ ‘ . . . - R L SQL Server Schema Generation Preview - = “
erver > N
gcahtabase l';zc:;:;npt - ARES] Y
ema
I Tabl 1 1 =
— o e Select/Deselect different Options e eee oo
View i ool in
lr‘\edv;x I_Eun;:on g d k e h E:uu:"(g']:le] sarcha “woLe .
Referential Integrity 6 ["|Partitions _ In Or er to ma e your Scnpt t e [Summary] varch, NULL ,
Trigger ] CONSTRAINT [XPKBOOK] ¥ KEY CLUSTERED ([BookId]
Other Options @Create . o . e
Oter way you want. Click “Preview” in
I~ Physical Storage ATE TABLE [CHAPTER]
o order to see the results. S — fnc nor
CJTable [ChapterNumber] int HNULL ,
- - [ChapterTitle] varchar(166) NULL ,
[BookId] int NULL ,
. 172 173 - T [ CHAPTER] PRIMARY KEY CLUSTERED
Database Template: | SaiServer2012.fet Browse... Ed... Click “Save” when you are B 1 Fonercm wEv (Caookra7) REFERENEES
Table Filter: 2/2 . N . o DELETE NO ACTION
UPDATE NO ACTION v
Filter... Owner Override... Preview... Print Report... Generate... Cancel SatISerd Wlth yOl?_'r Scrlpt — o



CREATE TABLE SENSOR_TYPE

(
SensorTypeld int NOT NULL IDENTITY (1,1),

SensorTypeName varchar(50) NULL,
CONSTRAINT XPKSENSOR_TYPE PRIMARY KEY CLUSTERED (SensorTypeld ASC)

)

go

CREATE TABLE SENSOR

(

Sensorld int NOT NULL IDENTITY (1,1),
SensorName varchar(50) NULL,
SensorTypeld int NULL,

CONSTRAINT XPKSENSOR PRIMARY KEY CLUSTERED (Sensorid ASC),
CONSTRAINT R_1 FOREIGN KEY (SensorTypeld) REFERENCES SENSOR_TYPE(SensorTypeld)

)
go

CREATE TABLE STATISTICSDATA
(
StatisticsDatald int NOT NULL IDENTITY(1,1),

Sensorld int NULL,
AverageData float NULL,
MinData float NULL,
MaxData float NULL,

CONSTRAINT XPKSTATISTICSDATA PRIMARY KEY CLUSTERED (StatisticsDatald ASC),
CONSTRAINT R_3 FOREIGN KEY (Sensorld) REFEREN CES SENSOR(Sensorld)
)

g0

CREATE TABLE MEASUREMEN TDATA

(
Measurementld int NOT NULL IDENTITY (1,1),

MeasurementTimeStamp datetime NULL,

Sensorld int NULL,

MeasurementValue  float NULL,

FahrenheitValue float NULL,

CONSTRAINT XPKMEASUREMENTDATA PRIMARY KEY CLUSTERED (Measurementlid ASC),
CONSTRAINT R_2 FOREIGN KEY (Sensorld) REFEREN CES SENSOR(Sensorid)

)

go

Table Script
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Microsoft SQL Server Management Studio

Objs

C

View Query Debug
Ly | [
%% | scHooL

IL.SQL Server

Tools

-

SQL Server Management Studio

?

Window Community Help

=N = R

v I =[]

Execute P

select *

(& (B PC88235\DEVELOPMENT QL Serve ~

1

— |4 Databases
= [ System Databases
@ | J LIBRARYSYSTEM

Database Diagrams

Q

)ase

oo

&

115

SQLQueryl.sql - P...SCHOOL (sa (52))*]
from SCHOOL]

Write your Query here

-~ X

[Properties ~ 3 x

Current connection parameters ~

Bx]2 =

El Aggregate Status
Connection fi
Elapsed time
Finish time .
Name PC8

235\DEVELOHR
= [ Tables Rows returne: 4
# [ System Tables Start time 20.03.2012 08:28:1
@ = dbo.CLASS State Open
@ = dbo.COURSE B Connection
urﬂ =1 dbo.GRADE g Connection n PC88235\DEVELOF
= = dbo.SCHOOL = | * = = B Connection Details
@ [ dbo.STUDENT Connection e 00:00:00.0270016
bIE$ dbo.STUDENT_COURS EH Results | [1y Messages Connection fi 20.03.2012 08:28:1
@ [ dbo.TEACHER SchoolName Description Address Phone PostCode PostAddress Connection n 4
&= = dbo.TEACHER_COURS 1 TUC The best school Telemark NULL  NULL NULL Connection s 20.03.2012 08:28:1
@ @ Views 2 MIT OK School USA NULL  NULL NULL Connection | Open
& ‘—;‘ Synonyms . 3 3 NTNU The second best school Trondheim NULL  NULL NULL Display name PC88235\DEVELON
& [ Programmability 4 4 University of Oslo  The third best school Oslo NULL NULL NULL Login name  sa
@ [ Service Broker -
— Server name PC88235\DEVELOHR
@ [@ Storage s ior 10.50.1600
P - erver versior 10.50. 0
@ B& Securi 5 Th | f Erver versior
@ lJ TEST d e resu t r0| I I your uery Session Tracit
@ [ WEATHERDATA L SPID 52
= [ Security ' Name
? \—: ier\/rer ?bjec‘ts - The name of the connection.
< | 0 » @ Query executed successfully. PC88235\DEVELOPMENT (10.50 ... | sa (52) | SCHOOL | 00:00:00 | 4 rows
Ready

Lnl

Col 21

Ch21 INS




Insert Tables

‘-%3 Measurement System Tables.sql - HANSPH_LAPTOP\SQLEXPRESS.MEASUREMENT_SYSTEM (HANSPH_LAPTOP\Hans-Petter (53)) - Microsoft SQL Server Management Studio

File Edit View Query Project Debug Tools

Connect~ 3 4 m E;

Window Help
PG - S | A NewQuey [y PRtR | ¥ D@9 - -85 (= b
22 437 | IMEASUREMENT SYSTEM ~|| ¥ Execute b Debug = o 330 = |37 45 | 83 8587

| % |dbo.

= [ HANSPH_LAPTOP\SQLEXPRESS (SQL Server 12.0.421]
= (3 Databases

# [J System Databases

@ |J BOOKS

@ | J LIBRARY

= | J MEASUREMENT_SYSTEM

= [3 Database Diagrams
=3 dbo.Measurement Diagram

[ Tables
# [3 System Tables
# [ FileTables
# = dbo.MEASUREMENTDATA
@ = dbo.SENSOR
# = dbo.SENSOR_TYPE
@ & dbo.STATISTICSDATA
3 Views
# 3 System Views
# (3! dbo.GetMeasurementData
3 Synonyms
3 Programmability
[ Service Broker
3 Storage
3 Security
| SCHOOL_SYSTEM
|J TEST
| TEST2
Security
Server Objects
Replication
Management

BFE®
FEEEE

HEE®
ey

Measurement Syste...\Hans-Petter (53)) X

—ICREATE TABLE SENSOR_TYPE

(
int NOT NULL
varchar(5@)

IDENTITY (
NULL ,
CONSTRAINT XPKSENSOR_TYPE PRIMARY KEY CLUSTERED (SensorTypeld ASC)

SensorTypeld
SensorTypeName

1,1 ),

go

—ICREATE TABLE SENSOR

SensorId int NOT NULL IDENTITY ( 1,1 ) ,
SensorName varchar(5@) NULL ,
SensorTypeld int nNULL ,

CONSTRAINT XPKSENSOR PRIMARY KEY CLUSTERED (SensorId ASC l)l
CONSTRAINT R_1 FOREIGN KEY (SensorTypeId) REFERENCES SENSOR_TYPE(SensorTypeld)
)

go

=ICREATE TABLE STATISTICSDATA

StatisticsDataIld int NOT NULL IDENTITY ( 1,1 ) ,
SensorId int NULL ,

AverageData float nNULL ,

MinData fleoat NULL ,

MaxData float NULL ,

CONSTRAINT XPKSTATISTICSDATA PRIMARY KEY CLUSTERED (StatisticsDatald ASC),
CONSTRAINT R_3 FOREIGN KEY (SensorId) REFERENCES SENSOR(SensorId)
)

go

=ICREATE TABLE MEASUREMENTDATA

MeasurementId int NOT NULL IDENTITY ( 1,1 ) ,
MeasurementTimeStamp datetime wnNULL ,
SensorId int NULL

100% ~

44 Connected. (1/1) HANSPH_LAPTOP\SQLEXPRESS (1... HANSPH_LAPTOP\Hans-Pet... MEASUREMENT_SYSTEM | 00:00:00 ' O rows

'HD;'_JS]‘%‘Q’:

0=

Connection failures
Elapsed time
Finish time

Name

Rows returned
Start time

State

Connection name

Connection elapsed time
Connection finish time
Connection rows returne
Connection start time
Connection state
Display name

Login name

Server name

Server version
Session Tracing ID
SPID

Name
The name of the connection.

Current connection parameters <

HANSPH_LAPTOP\SQLEXPRES

Open

HANSPH_LAPTOP\SQLEXPRES'

Open

HANSPH_LAPTOP\SQLEXPRES
HANSPH_LAPTOP\Hans-Pette|
HANSPH_LAPTOP\SQLEXPRES

12.0.4213




Database

SENSOR
Column Name Data Type Allow Nulls
@ Sensorld int O
SensorName varchar(50) O
SensorTypeld int O
O
SENSOR_TYPE
Column Name Data Type Allow Nulls
? SensorTypeld int O
SensorTypeName varchar(30) O
(|

MEASUREMENTDATA
Column Name Data Type Allow Nulls

? Measurementld int O

Sensorld int O

MeasurementTimeStamp  datetime O

MeasurementValue float O

FahrenheitValue float

g

STATISTICSDATA
Column Name Data Type Allow Nulls

StatisticsDatald int O
Sensorld int O
AverageData float
MinData float
MaxData float
O







Theory

SQL — Structured Query Language

Query Examples:

* 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



Default Data

declare
@SensorTypeld int,
@Sensorld int

insert into SENSOR_TYPE (SensorTypeName) values (‘TC-01 Thermocouple')

select @SensorTypeld = SensorTypeld from SENSOR_TYPE where SensorTypeName='TC-01 Thermocouple'

insert into SENSOR (SensorName, SensorTypeld) values ('TC01-1', @SensorTypeld)

select @Sensorld = Sensorld from SENSOR where SensorName='TC01-1'

insert into STATISTICSDATA (Sensorld, AverageData, MinData, maxData) values(@Sensorld, 0, 0, 0)






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: AC
automatical

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

eventson a

narticular table in a database.



Stored Procedures

IF EXISTS (SELECT name
FROM sysobjects
WHERE name = 'SaveMeasurementData’

AND type ='P')
DROP PROCEDURE SaveMeasurementData
GO

CREATE PROCEDURE SaveMeasurementData
@ SensorName varchar(50),

@ MeasurementValue float

AS

DECLARE
@Sensorld int

select @Sensorld = Sensorld from SENSOR where SensorName = @SensorName

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

GO



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

DROP VIEW GetMeasurementData

GO

CREATE VIEW GetMeasurementData
AS

SELECT

SENSOR.Sensorld,

SENSOR.SensorName,
MEASUREMENTDATA.Measurementld,
MEASUREMENTDATA.MeasurementTimeStamp,
MEASUREMENTDATA.MeasurementValue,
MEASUREMENTDATA.FahrenheitValue

FROM MEASUREMENTDATA

Views

INNER JOIN SENSOR ON MEASUREMENTDATA.Sensorld = SENSOR.Sensorld

GO



Triggers

IF EXISTS (SELECT name
FROM sysobjects
WHERE name ='ConvertFahrenheit'
AND type ='TR")
DROP TRIGGER ConvertFahrenheit
GO

CREATE TRIGGER ConvertFahrenheit ON MEASUREMENTDATA
FOR UPDATE, INSERT

AS

DECLARE

@ Measurementldint,

@ MeasurementValue float,

@FahrenheitValue float

select @Measurementld = Measurementld from INSERTED
select @MeasurementValue = MeasurementValue from INSERTED

set @FahrenheitValue = (@ MeasurementValue*9)/5 + 32;
update MEASUREMENTDATA set FahrenheitValue= @ FahrenheitValue where Measurementld= @Measurementld

GO



Triggers

IF EXISTS (SELECT name
FROM sysobjects
WHERE name = 'CalculateStatistics'
AND type ='TR')
DROP TRIGGER CalculateStatistics
GO

CREATE TRIGGER CalculateStatistics ON MEASUREMENTDATA
FOR UPDATE, INSERT, DELETE
AS

DECLARE

@Sensorld int,
@AverageData float,
@MinData float,

@M axData float

select @Sensorld = Sensorld from INSERTED

select @AverageData = AVG(MeasurementValue) from MEASUREMENTDATA where Sensorld = @Sensorld
select @MinData = MIN(MeasurementValue) from MEASUREMENTDATA where Sensorld = @Sensorld
select @MaxData = MAX(MeasurementValue) from MEASUREMENTDATA where Sensorld = @Sensorld

update STATISTICSDATA set
AverageData = @AverageData,
MinData = @MinData,
MaxData = @MaxData

where Sensorld = @Sensorld

GO
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Datalogging using LabVIEW

Start by Design and Implement the )
Database Tables using ERwin X2

Database Design \ Create Stored Procedure(s)

& Modelling and Triggers in SQL Server
— /\
TC-01 Thermocouple e | e
i LahVIEW | - Data Microsoft
| saL Server
~—\  Stored Procedure(s) Q
T Database
Lo
Convert Temperature to Celsius/Fahrenheit Triggers

Calculate Average, Max, Min Temperature Data



LabVIEW HMI Example

The Temperature Data from the TC-01 DAQ device should be stored in the Database.

Datalogging App

Chart

Temperature Data:
°C

Chart

Time

Button




LabVIEW SQL Toolkit el

For Easy Database Communication with LabVIEW

SQL Bl

I i l &, Search | <, Customize~ ‘

SL Sl SeL —+ SCL

P —

OFEN

SQL Open.vi SQL Select.vi  SQL Executevi  SQL Close.vi

P — P —
SELECT “wECUTE CLOSE

© Hans-Petter Halvorsen

Download for free here:
http://home.hit.no/~hansha/documents/labview/code/SQLToolkit.zip




LabVIEW SQL Toolkit Example ;

3 Weather Data Logging

Thermometer
30-
28_
26—

1 Temp deg. C

10- 19,6 B stop

SQL Open.vi |SQL Execute.vil ISQL Close.vil
QL -

SQL Query
l%.; insert into TAGDATA (Value, TimeStamp) values (%:2.1f, getdate()

Format Into String

&

YV

- Thermometer
DAQ Assistant |£onvert from Dynamic Data| =
Wait (ms)] data =0} ‘ 50-
= DE

10000




= Logging App.vi Front Panel

File

Edit View Project Operate Tools Window Help

|d> |@| (—Dl ]| | | 15pt Application Font |~ ||g,;.v

o [ | [55-

|'[ Search

A |[?]HLE

Waveform Chart

[ Plot0 |/

30

29 -

n
T

]
|

¥
T

il

Temperature (Celsius Degrees)
;
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20_|III|lII|lII|III|lll|lllllll|lII|III|III|III|III|I
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28 30 32
Time (s)

34

Temperature Value (degC)
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£ Logging App.vi Block Diagram

- a X
File Edit View Project Operate Tools Window Help
O8] 0[]0 &bl - [ ptatonfont o [ - TN ]
b\
A

SOL Execute.vi SQL Closevi] — [Simple Error Handler.vi]
RECUTE| CLOSE |

Sensor Name Measurement Value

~

I%.,' exec SaveMeasurementData ‘'TC01-1', %2.1f

B0 Jol-htiston
(el ption

|
1 aveform Chart

DAQ Assistant |Convert from Dynamic Data|
=

data 1))

¥

emperature Value (degC)|
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Data Monitoring using
Visual Studio/C#
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Data Monitoring using Visual Studio/C#

Y
N
Microsoft
SQL Server <
Database View(s)
Stored Procedure(s)
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Visual Studio HMI Example

Data Monitoring App

Temperature Data:

Ofec
You should get
Chart the Data from
the Database
0
--T Time Typically you get
Value [C] | Value [F] yp
2016.03.22 14:45 Average: [ 22 ] °C Data from the

Database using

10 ] °C Views and/or Stored
Procedures
26 | °C

\

Labels | TextBoxes

Min:

Data.éridView

[
|

4




Dq Monitoring App - Microsoft Visual Studio
File Edit View Project Build Debug
fe-o|l@-u M| 0O

§ Toolbox v X
I8l Search Toolbox P~
- k  Pointer

BackgroundWorker
BindingNavigator
BindingSource
Button

CheckBox
CheckedListBox
ColorDialeg
ComboBox
ContextMenuStrip
DataGridView
DataSet
DateTimePicker
DirectoryEntry
DirectorySearcher
DomainUpDown
ErrorProvider
EventlLog
FileSystemWatcher

FlowLayoutPanel

& FolderBrowserDialog
FontDialog

"] GroupBox

H HelpProvider
oo HScrollBar

Bl Imagelist

A Label

A LinkLabel

ES ListBox

i ListView

(). MaskedTextBox

MenuStrip

Debug ~ AnyCPU

©

MessageQueue
SIS Toolbox

Te:

e

Team Tools  Architecture

Forml.cs MeasurementData.cs

Test  Analyze

< b st~ | g0

App.config

Window

Help

Form1.cs [Design] # X

85 Monitoring App

100

80

60

40

20

Statistics Data

8
Min:
Max:

[=[@]=]

— Series1

.'F Quick Launch (Ctrl+Q) P o [m]

1 Hans-Petter Halvorsen ~

Solution Explorer v o x
Bl o-sCcam o p =
Search Solution Explorer (Ctrl+") P~

R Solution 'Monitoring App' (1 project)
4 Monitoring App

b Properties

b =B References

¢ App.config

b ES] Forml.cs

b c* MeasurementData.cs

P c* Program.cs

Solution Explorer REETNSILIE

Properties

Form1 System.Windows.Forms.Form

NG AR

Opacity 100% -
@ Padding 0,000

RightToLeft No

RightToLeftLayout False

Showlcon True

ShowlInTaskbar True
Size 884; 702

SizeGripStyle Auto

StartPosition WindowsDefaultLocation

Tag

Text Monitoring App

TopMost False v
Text

The text associated with the control.

A Publish

sj00) Jnsoubeiq




sl Monitoring App
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{

}

Get Data from Database

public List<MeasurementData> GetMeasurementData() COﬂ neCtion Stri ng Stored in App- Conflg

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

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

SqglConnection con = new SglConnection(connectionString);

string selectSQL = "select Measurementld, MeasurementTimeStamp, MeasurementValue, FahrenheitValue from GetMeasurementData where SensorName ='TC01-1'";

con.Open();

public int Measurementld { get; set; }

public DateTime MeasurementTimeStamp { get; set; }

£ (dr 1= nul public double MeasurementValue { get; set; }
o public double FahrenheitValue { get; set; }

while (dr.Read())
{

SglCommand cmd = new SglCommand(selectSQL, con);

SqglDataReader dr = cmd.ExecuteReader();

MeasurementData measurementData = new MeasurementData();

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

measurementDatalist.Add(measurementData);
}
}

con.Close();

return measurementDatalist;



DataGridView

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

gridMeasurementData.DataSource = measurementList;



Charting in Visual Studio ‘&8

Visual Studio has a Chart control that you can use in Windows Forms or Web application (ASP.NET)
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;

Creating a Web App? Use the following Namespace instead:

chartl.Series.Clea r\( ) > System.Web.Ul.DataVisualization.Charting

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 = 9; i < x.Length; i++)

{
}

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




Chart Data from Database

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();
measurementlList = measurementData.GetMeasurementData();

foreach (MeasurementData data in measurementlList)

{

chartMeasurementData.Series[ "MeasurementData"].Points.AddXY(data.MeasurementId,

}

data.MeasurementValue);



T- In Visual Studio you may want to use a Timer instead of a While Loop in ‘Q, ‘
I I I l e r order to read values at specific intervals. O){Q

@ - . | s (3) <
Timer  Select the “Timer” component in the Properties: 3
Properties + 0 X
@ Initialization: TOO|bOX timer1l System.Windows.Forms. Timer =
. =421l ==
pUbllc Forml() E:pplic;ationSettings) = .
{ ] oy
GenerateMember True
InitializeComponent(); e st
: _ You may specify the Timer Interval
A AGSiET in the Properties Window
} Double-click on the Timer object in
@ Timer Event: order to create the Event
private void timerl Tick(object sender, EventArgs e) Structure your Code
{ ~ properly!!
//Read from DB e Define Classes and Methods

: which you can use here
... //Formatting

... //Plot Data
}






Summary

We have done the following:

1.
2.

3.

Designed the Database using ERwin
Implemented Tables, Views, Stored Procedures
and Triggers using SQL Server

Created a Datalogging App using LabVIEW that
saves Measurement Data into the Database

Created a Data Monitoring App using Visual
Studio/C# where we retrieve Data from the SQL

Server Database



Improvements

The Examplesshown s a simple and straightforward solution, butitis a
minimal solution where manyimprovements can be done, some
examplesare:

e The Database Design and structure can be furtherimproved
 Monitoring App: When updating: Get only the latest value

 Use TimeStamp valueson the x-axisinsteadof 1, 2, 3, ..

* Number of Decimals

 Generalimprovementsin GUI

 Generalimprovementsin LabVIEW and C# Code

* Web Services could be used instead of direct access to the Database
e etc.



Recommended Litterature

Tutorial: Introduction to LabVIEW
http://home.hit.no/~hansha/?page=labview

Tutorial: Introduction to Database Systems
http://home.hit.no/~hansha/?tutorial=database

Tutorial: Structured Query Language (SQL)
http://home.hit.no/~hansha/?tutorial=sql

Tutorial: Database Communicationin LabVIEW
http://home.hit.no/~hansha/?tutorial=database labview

Tutorial: Using SQL Server in C#

Tutorial: Introduction to Visual Studio and C#
http://home.hit.no/~hansha/?tutorial=csharp

Tutorial: Data Acquisitionin LabVIEW
http://home.hit.no/~hansha/?tutorial=daq
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