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Tiivistelma

Elomatic Process Consulting Oy antoi toimeksiannon, jossa tehtavana oli toteuttaa GPS-
paikannus moduulina jo olemassa olevaan kaukolampdéverkoston kunnossapito-
ohjelmistoon nimeltd 360°tools. GPS-paikannusmoduuli suunniteltiin helpottamaan kauko-
lampolaitoksen henkilokunnan toimintaa erilaisissa kaukolampdverkoston kunnossapitoon
liittyvissa toimenpiteissa.

GPS-paikannusmoduulin oli tarkoitus olla yksi monista ominaisuuksista, joita kaukolampo-
laitoksen henkilokunnalla on mahdollisuus valita kdytettavaksi 360°tools-ohjelmistossa.

Primaérinen toiminta moduulille oli suunniteltu tapahtuvan erilaisilla mobiililaitteilla ja
tarkemmin mobiililaitteen verkkoselaimella.

GPS-paikannusmoduulilla luotiin kaukolampoverkoston henkil6kunnalle mahdollisuus ndh-
da reaaliajassa mobiililaitteen sijainti ja kaukolampoverkoston tarkeét pisteet Google
Maps-karttapalvelua hyddyntavassa jarjestelmassa.

Henkilokunnalla on myds mahdollisuus moduulia kayttamalla suorittaa erilaisia toimenpi-
teitd kaukolampoverkostonsa osiin, kuten muokata, siirtaa ja poistaa dataa liittyen erilai-
siin paivittdisiin, viikottaisiin tai kuukausittaisiin huoltotoimenpiteisiin verkostossa.

Suurin osa GPS-paikannusmoduulista kirjoitettiin kdyttdaen apuna moderneja web-
tekniikoita, kuten JavaScriptia ja HTML5:ta. Google Maps-ohjelmointirajapinta, jonka ym-
parille moduulin toiminta perustuu, on kirjoitettu JavaScriptilla.

Tyon tuloksena luotiin funktionaalinen ja tyylikds moduuli jo olemassa olevaan kaukolam-
poverkoston kunnossapitojarjestelmaan.
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Terminology

AJAX

AJAX is an acronym for Asynchronous Javascript And XML. It uses combination of a
browser built-in XMLHttpRequest object to request data from a web server and
Javascript and HTML DOM (Document Object Model) to display or use the data. AJAX
allows web pages to be updated asynchronously by exchanging data with a web
server behind the scenes, which means that it is possible to update parts of a web

page, without reloading the whole page. (AJAX Introduction. 2017)

GPS

GPS is an acronym for Global Positioning System. It is a global navigation satellite
system that provides geolocation and time information to a GPS receiver. The system
consists of 24 earth orbiting satellites that are eleven thousand nautical miles in
space and has six different orbital paths. The satellites are moving and they are doing

two complete orbits around the earth in just under 24 hours. (What is GPS?. 2017)

HTML

HTML is an acronym for Hyper Text Markup Language. HTML is the standard markup
language for creating Web pages. HTML elements are the building blocks of HTML
pages. HTML elements are represented by tags. Web browsers do not display the

HTML tags, but use them to render the content of the page. (What is HTML? 2017)

CsS

CSS is an acronym for Cascading Style Sheets. CSS is a language that describes the
style of an HTML document. CSS describes how HTML elements should be displayed.
(CSS Tutorial. 2017)

LAMP

LAMP is an acronym for Linux, Apache, MySQL, PHP. It is a stack of open source
software that is typically installed together to enable a server to host dynamic
websites and web apps. Linux is a operating system, Apache is the web server,
MySQL is the database and the dynamic content is processed by PHP. (How To Install
Linux, Apache, MySQL, PHP (LAMP) stack on Ubuntu 16.04. 2017)
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PHP
PHP is an acronym for “PHP: Hypertext Preprocessor” and it is a server scripting

language and a powerful tool for making dynamic and interactive Web pages. PHP is
a widely-used and free. PHP scripts are executed on the server. PHP files can contain

text, HTML, CSS, JavaScript and PHP code. (PHP 5 Introduction. 2017)

REST

REST is an acronym for Representational State Transfer and it relies on stateless,
client-server, cacheable communications protocol. Virtually in all cases, the HTTP
protocol is used. REST is an architecture style for designing networked applications.
RESTful applications use HTTP requests to post data, read data and delete data. REST
is not a standard and there will never be W3C recommendation for REST. (Learn

REST: A Tutorial. 2017)

W3C

The W3C, or World Wide Web Consortium, is an international consortium where
member organizations, a full-time staff, and public work together to develop web
standards. The mission statement of the W3C is: To lead the World Wide Web to its
full potential by developing protocols and guidelines that ensure long-term growth

for the web. (What is the W3C. 2017)

sQL
SQL is an acronym for Structured Query Language and it is a standard language for

storing, manipulating and retrieving data in databases. (Introduction to SQL. 2017)

XML
XML stands for eXtensible Markup Language. XML is a markup language much like
HTML and it was designed to store and transport data. XML was designed to be self-

descriptive. (Introduction to XML. 2017)

JavaScript
JavaScript is the programming language of HTML and the Web. It is dynamic
programming language and can provide dynamic interactivity on websites, when

applied to an HTML document.
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Git
Git is a version control system designated to handle everything from small to very
large projects with speed and effiency. Git is free and open source. Git is tracking
changes in computer files and coordinating work on those files among multiple

people. It is primarily used for management of source code in software development.

(Git. 2017)
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1 Introduction

1.1 Elomatic

Engineering design company Elomatic Ltd was founded in 1970 by a Master of
Science and industry advisor Mr. Ari Elo. One of the most important steps taken
business wise for the young company were in 1974, when it was decided to invest in
engineering model technology, which then again was used for designing layout and
piping of ships. After that, Elomatic grew rapidly and the company’s activities were

expanded both geographically and industry wise. (Our story 2017)

In the 1980s, Elomatic started to develop their own 3D computer aided plant design
system called Cadmatic. Cadmatic was based on the know-how gained from using
engineering models and it quickly became the most advanced 3D plant and ship

design software solution on the market. (Our story 2017)

In the 1990s, Elomatic had already grown and diversified steadily over the years and
had become a respected international consulting and engineering partner in
developing and improving industrial investments and products. By that time Elomatic
had developed expertise within machinery and equipment manufacturing,
biotechnology, pharmaceuticals, process industries, starch and potato processing,

energy generation and distribution as well as marine and offshore. (Our story 2017)

Elomatic has offices in Finland, Poland, India, China, the Netherlands, Italy, Serbia,

Russia and United Arab Emirates. (Elomatic in brief 2017)

1.2 360°tools

360°tools is a software family for maintenance and operation, developed by
Elomatic. Web-based 360°tools can be used by any device that has access to the
internet and has a web browser installed. 360°tools has two main features which the
customers can choose to use; ePlant360° and eMap360°. (360°tools — clarity in

maintenance 2017)
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1.2.1 ePlant360°

ePlant360° (See Appendix 1 or Figure 1) is a plant and property maintenance and
management tool. The idea behind ePlant360° is to link devices, maintenance and
device documentation to panoramic images of a plant. ePlant360° was designed to

significantly ease maintenance and servicing management.

The user interface of ePlant360° is easy to use, fast to learn and customizable for

customers’ particular needs. (360°tools — clarity in maintenance 2017)

360 TOOLS . a0 @

EPLANTIGO" EMAP360* ECOSTS VESIENSEURANTA POLTTOAINEET KAYTTOPAIVAKIRIA KALENTERI VARAOSAT DOKUMENTIT HALLINTA ELOMATIC - ELOADMIN

TEHTAVAT + 8 B (¥ (v TEHTAVALOGI

Tia Tehesnd Varssjs  Seursa vk Tyob

ENTIT - SIVUVIRTASUODIN

W2 et
i {12028 19
Uiy

v | KERROS1 | A

wmos | |

SELOMATIC

Figure 1. ePlant360° main view

1.2.2 eMap360°

eMap360° (See Appendix 2 or Figure 2) is a network maintenance and management
tool. The interface of the eMap360° is very similar to ePlant360° and mostly based on
it. Network parts, maintenance information and documentation are linked to a map

view.

The user interface of the eMap360° also allows facility personnel to effectively
communicate directly with network customers via email and text messages.

(360°tools — clarity in maintenance 2017)
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Figure 2. eMap360° main view

1.2.3 360°tools mobile

Both ePlant360° and eMap360° also have a mobile version available (See Appendix 3
or Figure 3). The mobile version allows the facility personnel to do the same
operations as they could do with the desktop version. Service is optimized for mobile

devices. The items seen in Figure 3 can be customized for each customer.

L 360 TOOLS

GPS-VERKOSTOSEURANTA
TEHTAVAT

LAITTEET

KAYTTOPAIVAKIRJA

VARAOSAT

Figure 3. 360Tools® Mobile main view
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1.3 Assignment

Elomatic assigned to develop a GPS tracking tool as a module to the mobile version
of 360°tools. The basic idea behind the tool was that a facility personnel could use a
mobile device, mostly smartphone or tablet, to see their own location on the service
based on Google Maps and also crucial locations of their district heating network in
real-time while doing routine maintenance operations. They could then add, edit,

move or delete data related to the network.

The customers of the 360°tools could then decide whether they wanted to use the
module in their set of tools. Attaching the GPS tracking module to 360°tools can be
easily done via a control panel, in which the administrators of the system can define

customer related properties and perform many administrative actions.

There was no deadline defined for the assignment but most of the hands-on work
was accomplished between July 2017 and October 2017. Writing the theoretical part

of the project, this thesis, started in August 2017.

2 Service environment and technologies used

2.1 Service environment

360°tools is running LAMP stack (see Terminology, LAMP) as an operation
environment. Customer-related MySQL databases are also hosted on the same
server. The application itself is accessible with a web browser and requires a user

account and a password to login and access services.

GPS tracking tool was primarily developed for the mobile version of 360°tools,
although it can also be used with a PC. The initial version and the testing of the tool

was conducted by using actual customer data from a production database.

2.2 HTMLS

HTMLS is the newest and fifth version of HTML standard and is the standard markup
language for creating Web pages. HTML is an acronym for Hyper Text Markup

Language. HTML documents consist of HTML elements and HTML elements are
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n

called tags. Tags label pieces of content such as “heading”, “paragraph” or, “table”.

Browsers then read these HTML documents as they are requested from the server.

Regardless of the server-side programming language used, HTML will always be
formed for the client’s web browser. HTML syntax looks much like XML syntax; it is
structured and defines a set of rules for the document. HTML is both human- and

machine-readable. (HTML Introduction 2017)

2.3 CSS

CSS is an acronym for Cascading Style Sheets. CSS describes how HTML elements
should be displayed on screen, paper or other media. In short, CSS is used to define
styles for web pages. Unlike CSS, HTML was never intended to contain tags for

formatting a web page. CSS removed the style formatting from the HTML page.

A CSS rule-set consists of a selector and a declaration block. The selector points to
the HTML element in which to apply styles. The declaration block contains one or
more declarations separated by semicolons. Each declaration includes a CSS property
name and value and is separated by a colon. The declaration blocks are surrounded

by curly braces. (CSS Tutorial 2017)

2.4 JavaScript

JavaScript is the programming language of HTML and the Web. It should be noted
that Java and JavaScript are completely different languages. JavaScript was invented
by Brendan Eich in 1995 and in 1997 it became an ECMA standard. JavaScript was
developed for the Netscape web browser. The first browser to run JavaScript was
Netscape 2 in 1996. After Netscape the Mozilla foundation continued to develop
JavaScript for the Firefox browser. (JavaScript Tutorial 2017)

document .getElementById("demo").innerHTML = "Hello JavaScript";

=

Figure 4. JavaScript selector for element ID “demo”
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2.5 jQuery

jQuery is a popular JavaScript Library. jQuery greatly simplifies JavaScript
programming by being lightweight and maintaining the concept of “write less, do
more”. jQuery takes plenty of common tasks requiring many lines of regular
JavaScript code to accomplish, and wraps them into methods a programmer can call

with a single line of code. (jQuery Tutorial 2017)

jQuery also simplifies many complicated things from JavaScript, such as AJAX calls
and DOM manipulation. The official jQuery library contains the following features:

(jQuery Tutorial 2017)
e AJAX
e (CSS manipulation
e HTML event methods
e Effects and animations

e HTML/DOM manipulation

jQuery also has a vast collection of plugins for almost any task. With jQuery one can
select HTML elements and perform actions on them. jQuery syntax differs slightly
from regular JavaScript; it uses CSS syntax to select elements from HTML document.

(jQuery Tutorial 2017)

$("p")

Figure 5. jQuery selector for paragraph-element

2.6 PHP

PHP scripts are executed on the server, and PHP is an acronym for “PHP: Hypertext
Preprocessor”. PHP is a widely-used, open source scripting language, meaning
everyone can freely use it. PHP files can containt text, HTML, CSS, JavaScript and PHP

code. PHP codes are executed on the server, and the result is returned to the
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browser in the form on an HTML document. PHP files can be recognized by file

extension “.php”. (PHP 5 Introduction 2017)

PHP can be used for various actions, e.g. generate dynamic page content, associate
with the file system, collect form data, send and receive cookies, modify data in the

database, control user-access, and encrypt data. (PHP 5 Introduction 2017)

PHP can be run on various platforms; Windows, Linux, Unix, Mac OS x and many
more. It is compatible with almost all servers used today (Apache, IIS, etc.) and

supports a wide range of databases. (PHP 5 Introduction 2017)

<!DOCTYPE html>
<html>
<body>

<?php

ECHO "Hello World!<br>";
echo "Hello World!<br>";
EcHo "Hello World!<br>";
2>

</body>
</html>

Figure 6. Simple PHP-file

2.7 MysalL

MySQL is a fast, easy-to-use, open-source relational database management system
(RDBMS) and it is used by many small and big businesses. MySQL uses a standard
form of the well-known SQL, which stands for Structured Query Language. (MySQL —
Introduction 2017.)

MySQL works on almost every operating system and is accessible with many
languages, such as PHP, perl, C/C++ or Java for instance. MySQL is very quick and
works well even with large data sets; it supports large databases, up to 50 million

rows or more in a single table. (MySQL — Introduction 2017.)
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The default file size limit for a table is 4GB, but it can be increased, if your operating

system can handle it. (MySQL — Introduction 2017.)

Products
¥ ProductlD
Name
ShortDescription
LongDescription

Categories S CategoryID
@ CategorylD ImageFie
ShortName UnitPrice
LongName OnHand
Primary Key = CategorylD Primary Key = ProductiD

Foreign Key = CategorylD

Figure 7. Relation-link between two fictional database tables

3 Requirement analysis

The following requirements were set for the GPS tracking module project:

It is required of GPS tracking tool module to display crucial points of
customers’ district heating network, such as clients, wells, facilities, valves

and pipes on the map.

It is required of GPS tracking module to show the user’s current location and

orientation of the user’s device on the map in real time.
It is required of GPS tracking module to use Google Maps API.

It is required of GPS tracking tool to be developed as a module which is
convenient to deploy into customers’ systems using administrative panel in

360°tools.
It is required of GPS tracking tool to be usable by mobile devices.

It is required of GPS tracking tool to be developed in a rational and logical
manner; approaching the project with the mindset of JavaScript’s object-

oriented programming.
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4 Planning

Initial planning of the GPS tracking module started during the second quarter of
2017. Elomatic already had the idea floating around for building such a tool and
during a regular group meeting it was then decided to start a project to develop it, as
it turned out one customer of the Elomatic was already showing interest for this kind

of tool.

GitHub was used to help with the project planning and management. GitHub is a
web-based Git (see terminology: Git) or version control repository and Internet

hosting service.

Tekemittd / Projektin osat 2 & ok Tekeills 2 & * Valmis 10 & &

[E] Etappi 4: Muut ominaisuudet [E] Etappi 1: Maarittely, suunnittelu ja 4 [E] Etappi 2: Kartta seka nykyinen

ominaisuuden luonti sijainti ja orientaatio ndkyviin

i by ahvonenj

Added by ahvonenj Added by ahvonenj

[E] Etappi X: Backend v
(@ GPS-verkostoseuranta: Maarittely ja v (@ GPS-verkostoseuranta: v

suunnittelu Ominaisuuden luonti ja
d by ahvonenj liittdminen demon

Added by ahvonenj

#271 opene

mobiiliiversioon
GPS-verkostose... o . fes

#272 opened by ahvonenj

GPS-verkostos... e '

(@ GPS-verkostoseuranta: Kartta &
nakyviin

#277 opened by ahvonenj

GPS-verkostos... n

(@ GPS-verkostoseuranta: GPS- v
koordinaattien ja laitteen
orientaation hakeminen

#274 opened by ahvonenj

GPS-verkostos... n

[=] Etappi 3: Putkien seka tagien
muuntaminen WGS84:33n ja
nakymaan kartalle

Added by ahvonenj

Figure 8. Project management view in GitHub-service

As can be seen from Figure 8, the project had a project management board in
GitHub. In this board users with privileges could edit, move and delete cards in each

column.

The columns from left to right depict the progress of an individual card or task. On
the initial start of the project, the left column contains all the cards, which means
those cards are not completed. The center column indicates that the card has work

in progress. The cards in the right column are completed tasks.
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Each card shown in the board is actually an issue in GitHub. Issues are a great way to

keep track of tasks, enchancements and bugs for projects.

5 Work environment

Since the project is completely about web development, simple tools are sufficient.
The source code editor Notepad++ was used to write PHP, JavaScript, CSS, HTML and
SQL. Notepad++ is a popular source code editor; it has syntax highlighting, code

folding, plugins and limited autocompletion as features.

[;{ *new 1 - Notepad ++ [Administrator] ‘v,‘:’ C] =

File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window 2 X
cDEHB LB 4hD(2c|n%l+ 1 BRIEIEC0S EEINNRIY -

Folder as Workspace x| & gpsmap-oaderjs £3 I B gpsmap-tilityJs £3 [E s>

[ gpsverkosto php £3

B gps-mapis &3 I [ aps-mapJocationjs £4

-8 gps-map 1 QIDOCTYPE HIMI>
G style 2 [l<html>
gps-map.css 3
-2 script 4 [<body>
2-7) class 5

gps-map-location.js <p>Before the script...</p>

gps-map-loader.js

- = gps-map-draw.js
gps-map.js
=7} mobile_sites
3 code_backup

main.php
feedback.php
calendar.php
emap.php
weather.php
spareparts.php
panorama.php
minimap.php
kattilalog.php
leafmap_old.php
leafmap.php
tasks.php
items.php
kaytto.php
gpsverkosto.php

| Folder as Workspace

Hyper Text Markup Language file

gps-map-utility.js G‘:i;ii? "Hella, world!' );:
gps-map-global.js </script> '

<p>...After the script.</p>

</body>

</html>

length:179 lines: 16

Ln:10 Col:12 Sel:0]0

Windows (CR LF)

UTF-8

INS

Figure 9. Notepad++ editor

MySQL Workbench was used for database interactions

. MySQL Workbench is a visual

database design tool developed by Oracle Corporation. It offers SQL development,

administration, database design, creation and maintenance in the single integrated

development environment for the MySQL database.
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Chrome Developer Tools was used to help in development and debugging. The

Chrome Developer Tools (DevTools) are a set of web authoring and debugging tools

built in Google Chrome web browser.

r
& Developer Tools - https://360tools.el
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6 Development

The development of the GPS tracking module was started in August 2017 after few

group meetings and initial planning for what should be implemented.

6.1 Initial steps

It was decided to use Google Maps API as a base of the project. One initial issue with
this decision was raised already in the planning phase; Google Maps API was using a

different coordinate system than eMap of 360°tools.

Google Maps use World Geodetic System WGS84-standard coordinate system, which
is almost compatible with coordinate system ETRS89-EUREF-FIN, the Finnish

realization of ETRS89 coordinate system.

ETRS89 stands for European Terrestrial Reference System 1989 and is used in Europe.
The difference between coordinate points in ETRS89-EUREF-FIN and WGS84 is less

than one meter, hence it is insignificant enough for purposes of this project.

360°tools stores the customers’ district heating network coordinates in MySQL
database. For testing purposes, one customer database was selected. This particular
customer was using the coordinate system ETRS89-GK25-N2000 for the points of
their district heating network. In order to get these points in the right position on the
Google Maps would therefore require coordinate conversion from ETRS89-GK25-

N2000 to ETRS89-EUREF-FIN.

6.2 Converting coordinates

In order to display the points of the customers’ networks on Google Maps, a
coordinate system conversion was necessary. For this task, an online, free-to-use

conversion tool was used.
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Koordinaatisto Koordinaatisto

Datumi ©) Datumi
Koordinaatisto Q) Koordinaatisto
Korkeusjj a[N2000 ] @ Korkouspsicy

jekti ETRS-GK25 ] ®

Kuvaus Kuvaus
Tekstitiedosto Nappaimisto © ® Tekstitiedosto Naytto © ®
Ita-koordinaatti [m] Pohjois-koordinaatti [m] Korkeus [m] Leveysaste Pituusaste Korkeus [m]
25491024 9483 6704279.0282 0 60.450519238 24.836934502 0.0000
25491031.9035 67042885474 0 60.450604827 24.837060441 0.0000
25491032.4333 6704289.1894 0 60.450610601 24.837070038 0.0000

Figure 12. coordtrans.fgi.fi coordinate conversion tool

The online service, coordtrans.fgi.fi, is able to convert coordinates from one
coordinate system to another. The user may input coordinates directly to the left
table shown in Figure 12 or input a text-document with coordinate-data to convert

them to another system. The conversion system and results are shown in the right

table.

In the customers’ databases there are two tables in the database containing network

data;

e vi_netitems (client, fixed point, facility, pump station, valve, etc.)
e vi_lines (pipes)

vi_netitems-table contains a single item of network per row and vi_lines-table can
have many rows per one network item, or in this case, pipe. Both tables also contain
coordinate data; however, in the wrong coordinate system. It was required to add

two more tables for new, converted coordinate data.

6.2.1 Linking converted coordinates with existing network points in the

database

After succesfully converting the coordinates from both tables, it was needed to
somehow link this new coordinate data with the existing data in the database. The
best solution seemed to create two new tables, vi_netitem_coordinates and
vi_line_coordinates, for holding new coordinate data and link them together

somehow with the two existing tables.
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"~ vi_netitems Y
id INT(11) |
< oldid INT{11)

> clientnum VARCHAR(128)
~identifier VARCHAR(128)
2 type VARCHAR(32) —
*yPos DOUBLE
2 xPos DOUBLE Hb—

] vi_netitem_coordinates ¥
idINT(1)
> etrs839_xPos VARCHAR(45)
» etrs89_yPos VARCHAR(45)
2 gtsSQ_zPos y’ARG—i AR(45)

l__1

»zPos DOUBLE
2 coords_fk INT(11)
*rot DOUBLE
> modified TIMEST AMP
remove INT(1)
@ vi_netitem_coordinates_id INT(11)
| 2

Figure 13. Relational model between vi_netitems and vi_netitem_coordinates

As can be seen from Figure 13, vi_netitems-table has one-to-one relation with

vi_netitem_coordinates-table, meaning one row from vi_netitems is related with one

row in vi_netitem_coordinates.

"7 vi_lines v
id INT (11) j

» dimension VARCHAR(16) ( j vi_line_coordinates v

> type VARCHAR(20) id INT(11)

> material VARCHAR(25) > lineid VARCHAR(45)

“statleng th VARCHAR(25) > etrs89_xPos VARCHAR(45)
‘length VARCHAR(25) | — —H|  ers89_yPos VARCHAR(45)

 dizm eter VARCHAR(S) I > etrs89_zPos VARCHAR(45)
*manufacturer VARCHAR(128) > ordernum VARCHAR(45)

> built VARCHAR(32) % i_lines_id INT(11)
“installer VARCHAR(128) >
<7 kuvtek VARCHAR(10)
sextral TEXT
sextra2 TEXT
2 remove INT(1)

Figure 14. Relational model between vi_lines and vi_line_coordinates
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Figure 14 shows the relation between vi_lines-table and vi_line_coordinates-table
and as can be seen, there is one-to-many relation, meaning one row in vi_lines can

be related with one or more rows in vi_line_coordinates.
6.2.2 Creating RESTful routes for accessing the data

After creating two new database tables and inserting converted coordinate data into
them, it was needed to create routes in the application itself for accessing this data.

For this, REST (see terminology, REST) routes had to be created.

360°tools uses PHP framework called Flight to implement RESTful API. Flight is a fast,
simple, extensible framework enabling quick and easy building of the RESTful web
applications. Flight requires PHP version 5.3 or greater to work.

require 'flight/Flight.php';
Flight::route('/', function(){

echo 'hello werld:';

3y
J72

Flight::start{();

Figure 15. Simple REST-route created with Flight
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ROUTE: Get ETRSE9 coordinates from ‘vi_netitem coocrdinates’-table
DESC: Returns a list of coordinates for corresponding Verkostoinfo NetItems
PARAMS: facility
SPECIAL: -

%/
function getViCcordinates({) {
if (isset($_GET["facility"]) a& 'empty($_GET["facility"]))
{
¢$facility = § GET["facility"];
$facilityid = Utility::GetCustomerId($facility);

}
else
{
Utility::Result{true, 100, "Facility not defined
}
$pdo = Utilicy::GetPDO($facility, "verkcstoinfo"™);
$query = $pdo->prepare ("SEL I.type, VC.etrs89_ yPos, etrs89_xPos,

$success = squery->execute():;

if ($success)
{
$result = $query->fetchAll (PDO::FETCH ASSOC):
Utility::Result{false, 0, array($result, $facility, $facilityid)):
}
else
{
Utility::Result{true, 600, $customer);

}

Figure 16. REST-route for fetching coordinate data from the database

r*
Function: AJAX-call for fetching customers VerkestcInfc NetItems data

Returns a list of customer data, most importantly the coordinates for NetItems for drawing markers to map

PRRAMS: -

5
GPSMapUtility.prototype.getViNetItems = function() {

var self = this;

console.log("--- GPSMapUtility fetching VI-NetItems... ---");

$.ajax({
type: "GEI",
data: { facility: this.facility
url : self.APIURL + "/vi/

success : function (data)
{
if(data.error = true) {
console.log (" [GPSMapUtili NetItems: \nCode: " + data.code + "\nMsg: "
} else {

console.log("---
//conscle.log(data);
self.ViNetItems = data;

self.viNetItemsFetched.resolve():

Figure 17. JavaScript-script implementing AJAX-call to the REST-route
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+ data.msqg) ;

As can be seen from Figure 16, there is an SQL-query executed server-side to fetch

coordinate data from table vi_netitems and vi_netitem_coordinates inside

getViCoordinates()-function, which again is called when accessing a particular URL

with HTTP GET request.
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Figure 17 then shows an AJAX call (HTTP GET request) made on the client-side to
provoke the REST route defined in Figure 16, and thus returning converted

coordinate data for later use on the client-side.

r: false, code: 8, data: Array(3)}
code: 8
data: Array(3)
v 8: Array(483)
v [0 .. 99]

Yo
coords_fk: "1°
etrs89_xPos: "24.834423716'
etrs89_yPos: "68.4520880950'
etrs89_zPos: "98.6898"
identifier: "ILVESKAARI 21
type: "Asiakas”

Figure 18. JavaScript object containing coordinate data in Chrome DevTools

Two other similar REST routes were also created, one for fetching the pipe

coordinates and one for updating the coordinates in vi_netitem_coordinates table.

6.3 Class diagram of the GPS tracking tool

At this point it might be a good idea to explain the class structure of GPS tracking tool

in more detail. (For a better figure see Appendix 4)

GPSDraw-Class

Glass responsible for drawing things 10 GPSMap

this markers
this. gpsMapUtity,
Is inftalzed,

1sDrawn,

this.m
this pipesDrawn.

GPSMap Class

(GPSGlobal.Class

[Description: Main class for GPSMap, handies initialization of the tool

removehlota()

|ptbutes:
this GPSMapLoader
L this GPSMapLocation
this GPSMapUBity
this GPSMapDraw.
this map,

this.alidone:

his inialized,

this. Defarred,
his gpsMapDrawDeferred;
this loadist,

GPSLocation.Class

_|mrvutes:

[Description: Class containing af global variables and stuf

Doscription: Class responsible for handiing all hings related to user locationing,

lAttributes
this GPSMapDraw,

IMethods:
GPSMapo),
initiaize0,
debug()

Methods:

w0
Location(er),

GPSMapLoader-Class

3 i

Methods:
GPSMapGlobal),

GPSUtilty.Class.

| [Destription: Class responsible for all kind of data processing in GPSMap

4 [amributes.
4 | thisAPIURL.
iy,

this,

this.
this

Methods:
GPSMapUtiiy0);

[Description Class responsivle for handiing GPSMap loading

[Anributes:

this.map,

IMethods:
GPSMapLoader()
initapo.

Figure 19. GPS tracking tool class diagram

geMPIpes);
updateMarkerLocation(coordinates, id),
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Figure 19. illustrates the class diagram of the GPS tracking tool. The function of the
tool is divided into six different classes; GPSMap, GPSDraw, GPSLocation,
GPSMapLloader, GPSMapGlobal, and GPSMapUTtility.

Each class has their own responsibility in the big picture:

e GPSMap

- The main class, handles definition and initilization of any other class.

e GPSDraw

- Responsible for drawing things to the map.

e GPSLocation

- Responsible for locating the user and other location related things.

e GPSMaploader

- Responsible for loading the map.

e GPSMapGlobal

- Responsible for holding any global things needed in the tool.

e GPSMapUtility

- Responsible for fetching data from the dabase and data processing.

6.4 |Initializing Google Maps

After having the REST routes set up and the coordinate data converted and inserted
into the database, it was time to initialize Google Maps and try to get some data

shown on it.
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assed as parameter

iy
GPSMapDraw.prototype.drawMarkers = function(cccrdinates)
{
var self = this;
if (coordinates) {
console.log("--- G

var coords = {};
var infowindow;

Parse cocordinates of ViNetItems-data

"]1[0], function(index, object) { // Loop through array

$.each(coordinates["d

coerds[index] = {};
$.each(object, function(key, value) { // Loop through individual cbject

if (key = 89 {

coords [index] [
else if (key = "
cocords [index]
else if (key =
coords [index] [
else if (key =
coords [index] [
else if (key = "
coords [index] [
else if(key = "c
coords [index] [
else if (key = "
coords[index] [

// Iterate through ccordinates and add ma
$.each(coords, function(index, cbject) {
var myLatlng = new google.maps.LatLng(object.yPcs, object.xPos):
var marker = new gcogle.maps.Marker ({
clickable: true,
draggable: true,
icon: self.createSvgIcon(cbject.type),
positicn: myLatLlng,
shadow : null,
title: object.type + "\n" + object.identifier,
VI_ID: object.id,
clientnum: object.clientnum

Figure 20. drawMarkers-function of the GPSMapDraw-class handles drawing marker-
objects to the map.
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Figure 21. GPS tracking tool initial version
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Figure 21 above shows Google Maps initialized and some markers already on the
map. One of the first features was to display the correct icon for each marker. As can
be seen from Figure 18, the object returned by calling an API route contains property
“type”, which is used to segregate different marker types. Figure 21 contains only

one type of markers.

wn

-~ Oy O
c C

YyYvYyvYyvYyYVYVYYY

Figure 22. JavaScript object defining different types of customers’ network

Figure 22 demonstrates, there are nine different types of customers’ network
defined. Each network type has a respective icon in the format of Scalable Vector

Graphics (.SVG) file. It was required to use this SVG icon as Google Maps Marker icon.

6.5 Google Maps marker related problems and marker clustering

Apart from having a customized icon for each marker type respectively, there was
also another problem; the more markers loaded and shown on the map, the slower
the map would get. Customers’ networks typically consist of hundreds of different

parts, which in turn means as many markers need to be displayed on the map.
One solution for this was to use a technique called Marker Clustering.

MarkerClusterer is a JavaScript library for creating and managing per-zoom level
clusters for large amounts of markers. It will group Google Maps markers to bigger
clusters as a user of the map zooms out the view. MarkerClusterer also significantly
reduces loading times for the markers on the map, thus making the usage of the map

faster. MarkerClusterer objects are green and blue icons shown in Figure 23.
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Figure 23 shows a blue arrow as user location on the map, showing user location and

orientation in real time.

360 TOOLS

ELOMATIC OY - ELOMATIC

Figure 23. GPS tracking tool using MarkerClusterer library for marker grouping

6.6 Adding the pipes

From Figure 23 can also be depicted that there are red lines showing on the map.

These red lines are pipes of customers’ network. Pipes are much like markers; they
are fetched from the database using AJAX call from the client side to the API, which
in turn executes an SQL query to the MySQL server, thus returning the pipe data to

the client.

Pipes, however, are not added to the map as Google Maps Marker objects but as
Google Maps Polyline objects instead. Polylines are used to draw a line on Google
Maps. One pipe can consist off many different parts, and the parts must be in a

particular order when they are drawn onto the map.
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Function: D a GPSMap

a GPSMap from list of coordinates passed as parameter
PARAMS: c
%/
GPSMapDraw.prototype.drawLines = function(coordinates) {
var self = this;
if (coordinates) {
console.log("--- GES

w drawing lines... --=");

var pipes = {}:
var infowindow;

// Parse coordinates out of VI-pipes data

%.each(coordinates[” "], function(index, object) { // Loop through array of cbjects
pipes[index] = {}:
%.each(object, function(key, value) { // Loop through individual object
if (key = "diameter"”) ({
pipes[index] [ ame = value
} else if (key = {
pipes[index] [" = value

—

else if (key ==
pipes[index] ["
else if (key ==
pipes[index] ["id"
else if (key ==
pipes[index] ["
else if (key ==
var coords = {};
%.each(value, function(coordsIndex, coordsCbject) {
coords [coordsIndex] = {}:
coords [coordsIndex] [
coords [coordsIndex] [
b
pipes[index] ["cc

—

—

—

coordsObject.x;
coordsObject.y;

b
1

//conscle.log(pipes);
/ Iterate through pipes and add polylines (draw pipes to map)

%.each(pipes, function(index, object) { // Loop through array of cbjects
pipes[index] = {}:

%.each(object, function(key, value) { // Loop through individual object
if (key = "coords") {
var linePoints = [];
%$.each(value, function(key, value) { // Loop through pipe coordinates cbject

linePoints[key] = {}:

Figure 24. drawLines function of the GPSMapDraw handles drawing polyline-objects
to the map.

6.7 Attach InfoWindow-object to the Marker-objects

Google Maps also has InfoWindow object used to display content, usually text or
images in a popup window above the map at a given location. It was decided to use
the InfoWindow object for displaying actions available for user to perform on a
particular marker. InfoWwindow popup would then open when a user touches or clicks
the Marker object. As Figure 25 demonstrates, in the moment of writing there are
four different actions for user to perform when clicking or touching the Google Maps

Marker object.
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Figure 25. InfoWindow object showing different kinds of actions user can perform

The upper left button is for taking a picture with a mobile device camera and
uploading a picture. The picture will be attached to this particular network item. The
upper right picture opens an item card containing network details. The bottom left
icon also opens the item card for editing, and the bottom right button removes the

marker from the map permanently.

6.8 Implementing the item card

It was required to implement an item card for showing details of a network item for
the user. When a user clicks on the top left icon of the InfoWindow object, a popup

would open and display the data related to the item. (Figure 26).
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Figure 26. Item Card implementation showing details of network item
6.9 Implementing the sidebar

It was required to implement some convenient menu with which in turn would then
perform actions, such as hiding or showing particular markers on the map or opening
a popup input field for user to type in an address, which would then be used to draw

a route from the user location to the inputted destination. (Figure 27).

Figure 27. Two sidebars containing different buttons for different kinds of actions
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Figure 27 shows two sidebars that were implemented to offer more actions for the
user of the map. The uppermost sidebar contains buttons for each marker type on
the map. The user may then toggle these buttons on or off and it will hide or show

that particular type of marker.

The bottom bar is still under implementation at the time of writing neverthless the
purpose of this toolbar is to hold actions different from just hiding/showing the
markers, actions such as drawing a route to the given address, letting users draw
their own marks to the map or letting the users define customer-specific settings for

the map, et cetera.

6.10 Implementing the navigation to address

It was required for user to be able to input an address and draw the route from the
user’s current location to the given address. The button for this action is located in
the bottom sidebar and by clicking this button, it will open a popup for inputting the

address. (Figure 28).

JavaScript library named Vex was used for opening the dialog. Vex is a modern dialog
library, which is highly configurable and minimalistic. It has a clear and simple API

and works on mobile devices.

As can be seen from Figure 28, the input field will suggest locations when the user
starts typing on the text field. For this, a JavaScript library named Geocomplete was
used. Geocomplete is an advanced jQuery plugin that wraps Google Maps API’s

Geocoding and Places Autocomplete services.
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¥ Orsikuja Mantsala, Suomi

Figure 28. Popup containing input field for destination location

As can be seen from Figure 29, a blue line is drawn on the map as a route to the

inputted address.

{ wiive

Figure 29. Drawn route to the given address.
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6.11 Implementing the measuring tool

It was required to implement a tool for measuring a distance on the map. For this, an
external JavaScript library called “MeasureTool-GoogleMaps-V3” was used. The user
can activate or deactivate the tool by clicking the ruler-icon in the upper toolbar.
After that, the user can start measuring distances by clicking on the map with the left
button of the mouse. Tool will then show the distance between two or more points,

and can also show total area. (Figure 30).
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Figure 30. Measuring tool in action

6.12 Implementing the drawing and the writing tools

It was required to implement a tool for drawing shapes of different kinds and also a
tool for adding text to the map. To accomplish this, Google Maps Overlays and

Drawing Tools libraries were used. The user could activate or deactivate the drawing
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tools by clicking the pen-icon in the upper toolbar. Drawing options would then
appear and the user could select the desired shape and color to draw it on to the

map. The user could also remove drawn shapes from the map by clicking the delete
button. (Figure 31).
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Figure 31. Drawing tools in the action

7 Tests

At the time of the writing there are plenty of frameworks available for testing web

software. Unfortunately, in this project there were no time or resources to setup the

automated testing system.

However, manual testing played a big part while developing the system and also

when integrating the GPS tracking tool into the customer’s systems. Practically this
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means that testing was done while writing code and fixing the obvious bugs as they

appeared.

Manual testing includes steps such as ensuring that everything is working as it
should, purposely trying to break the system by inputting arbitrary data to the input
fields which are available to the user, clicking and selecting elements and objects, et
cetera. Thus, if any bugs were raised during development or during manual testing,
they were then fixed. Chrome Developer Tools (See Figure 11) was used a lot for

debugging while developing and testing the system.

8 Problems

8.1 Google Maps APl Premium

Shortly after the initialization of the project, it was realized that the standard version
of the Google Maps API was not sufficient enough for this project, since Google Maps

API states the following in their Terms of Service:

Should | purchase the Google Maps APIs Premium Plan?
You should purchase the Google Maps APIs Premium Plan if your business or
organization requires any of the following:

e An SLA with 24-hour technical support

e Ability to sell a product or service with embedded Google Maps

e Ability to use Google Maps APIs for an internal application or website

e A specific amount of quota

e Ability to use Google Maps APIs (excluding the Places API) for asset tracking

applications
e Premium Plan features available with your existing Maps APIs for Work license

Thus, in this project atleast points two, three and five took place. Which means, it
was mandatory to purchase the Google Maps APl Premium license. Purchasing of the
premium license API was discussed in the regular group meeting and it was decided

to acquire this license.
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8.2 Converting coordinates

Converting the coordinates from old system to the new was one of the initial
problems and it had to be solved quickly in order to advance with the project.
Conversion of the coordinates is explained earlier in paragraph 6.2 - Converting

coordinates.

9 Further development

9.1 From mobile to desktop

At the time of writing the GPS tracking system is still in beta-phase, which means that
it has been developed and tested using actual customer data but any of the
customers are not using it yet. Integration of the tool to the customer’s systems will

start in November 2017.

On start of the project, this tool was only aimed to be used by mobile devices but this
was changed while in development process; the GPS tracking tool appeared to be
better than current desktop version of the eMap°360, thus it was agreed to replace
the old system with this new tool, which means it was needed to integrate GPS
tracking tool to the eMap°360 and ensure that new features introduced in this thesis

would work seamlessly with the old features in the eMap°360.

At the time of writing this was already under work and majority of the work was

done.

9.2 Using arectangle shape to select area to send an SMS to clients

One further development idea was to develop a possibility for the user to make a
rectangle shaped selection on the map with the mouse. The user could then send an
SMS (Short Message Service) message to all of the clients which would be in the

selection. (Figure 32).
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Figure 32. Idea behind selecting clients for SMS sending

9.3 Visualising the network temperatures with the Google Heatmaps

Some of the customers using the eMap°360 has an extra feature in use, which
visualizes heat values in their network. Each balloon on the map indicates single
client’s estate and the color of the balloon indicates the heat values in that estate;
red means that measured heat from estate is hot and obviously blue stands for cold.

(Figure 33).

0-10 10-20  20-30 [ 30408 40-50

Figure 33. Visualization of the heat values in eMap°360
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Since the GPS tracking tool is using the Google Maps APl and the old map in the
eMap°360 is not, it is needed to implement this feature in the Google Maps
somehow. For this, the Google Maps API offers service called Heatmap Layer. (Figure

34).

Heatmaps

o AN RN -TE i e GO 1 RN Rt P

B8 | Toggle Heatmap || Change gradient || Change radius || Change opacity |

Figure 34. Google Heatmap service as seen in Google Maps APl documentation

One of the further development ideas was to replace current visualization system

with the one based on Google Heatmaps.

10 Conclusion

The project resulted in a functional and stylish module for the existing facility
maintenance system. From my point of view this was really interesting and delightful
topic for my thesis. It was entertaining and even challenging at a times to develop

this kind of system.

One of the most motivating thing for me was realizing that the developed system got
actual interest from the customer side and they would use it to optimize and manage

their own business.

It took around four months to develop the system to a point where it had good
conditions for the further development and it was good to start integrating it to

customer’s systems.
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main view

Screenshot of eMap360°
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Screenshot of the GPS tracking tool class diagram
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GPS tracking tool integrated to eMap°360, final version at

the time of writing
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