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Abstract 

The awareness of power consumption is considered to be an important step of 

driving energy-saving technologies development. With the ‘Smart Grid’ technologies, 

Sweden has deployed Advanced Metering Infrastructure (AMI) nationwide. How to 

present and operate the data be collected by AMI devices in an effective and friendly way 

has become a problem worth to research on.  

This thesis project aims to provide an energy consumption monitoring system, which 

integrate power consumption information from AMI, and geographic information from 

coordinates, for both customers and power companies, practical for the latter one. Based 

on that, active web map services of Geographic Information Systems (GIS) in Swedish 

market are also been analyzed in this thesis report, in order to investigate the features 

which may be applied in this system.  

The energy consumption monitoring system presented in this project is developed on 

the GIS of Google Maps, web-browser based. With the open Google Maps API for 

Javascript and WAMP environment support, a working system is given locally. In this 

project, at a designated Swedish area, Smedjebacken, there are 50 end-users with AMI 

data periodically recorded at the interval level of one hour for a whole year, and 3 

substations connecting part of the end-users, all of them have the coordinates to position. 

AMI data is used to simulate a real-time scenario to test the monitoring function.   

Functions of this system are separated into two aspects, customers and power 

companies. Customers can check their power consumption in many different ways, 

including latest hour’s consumption, any past single day’s consumption, generate whole 

year’s consumption column chart, comparing with the average consumption level with a 

certain range of neighbors. Power companies have global view and access authorities of 

all customers and substations. In addition, an alarm will be triggered if any of the 

substation’s power loss is over 5%.  

As a result of analysis, the advantage lay with Google Map on cost of developing, 

open API and documentations. In the end, a working monitoring system is given under 

the simulated real-time power consumption scenario.  
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Sammanfatting  

Medvetenhet kring energikonsumtion anses vara ett viktigt steg förskynda utvecklingen 

av energibesparande teknologi. Med hjälp av ”Smart Grid” teknologi har Sverige tagit 

Advanced Metering Infrastrukture (AMI) i användning i hela landet. Problemet med att 

presentera och använda data uppsamlat av AMI-anordningar på ett effektivtoch 

användarvänligt sätt har blivit värt att forska kring. 

 Detta avhandlingsprojekt tar som mål att bistå ett 

energikonsumtionsövervakningssystem, som integrerar information om energianvändning 

från AMI och geografisk information från koordinater. Till användning för både konsumenter 

och energibolag och praktiskt för de sistnämnda. Med detta till bas analyseras även aktiva 

kartservice-program från Geographic Information Systems (GIS) på den svenska marknaden, 

i denna avhandling, för att undersöka de verktyg som kan användas i detta system. 

 Energikonsumtionsövervakningssystemet som presenteras i detta projekt har utvecklats 

på Google Maps GIS, och är webbrowser baserat. Med öppet Google Maps API för Javascript 

och stöd för WAMP miljö, givs ett verkande system lokalt. I projektet finns, i ett avsett 

svenskt område vid smedjebacken, 50 användare med periodiskt insamlad AMIdata med 

timintervall under ett helt år.  Samt tre substationer som kopplar samman delar av dessa 

användare. Samtiliga med positionskoordinater. AMIdata används för att simulera ett 

realtidsscenario för att testa övervakningsfunktionen. 

 Systemets funktioner indelas i två grupper, konsumenter och energiföretag. 

Konsumenter kan visualisera sin energikonsumtion på flera olika sätt, bland annat: 

konsumtionen under den senaste timmen, konsumtionen under någon tidigare dag, skapa 

kolumndiagram över hela årets energikonsumtion, jämföra sin medelkonsumtion med den 

genomsnittliga hos ett givet antal grannar med mera. Energibolagen har en global överblick 

och tillgångsrättigheter till samtliga konsumenter och substationer. Dessutom sätts ett alarm 

av då någon av substationerna erfar en energiförlust på över 5%. 

  Analysen gav att det var ekonomiskt fördelaktigt att använda Google Maps för 

utveckling, att öppna API och dokumentation. På slutet anges ett fungerande 

övervakningssystem under det simulerade realtids- energikonusmtionsscenariot. 

 

Nyckelord: Energikonsumtion, AMI, GIS, Google Maps, övervakningssystem 
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1 Introduction 

This introduction chapter presents briefly about the background, goal, method and 

related work of this thesis project.  

1.1 Background  

The idea of energy consumption reduction is coexisting while consuming. Actually, 

the European Union has set itself an ambitious target: 20-20-20, “to reduce the output of 

greenhouse gases by 20%, to improve energy efficiency by 20% and to increase the 

percentage of renewable energy by 20%” [1]. The traditional way of knowing power 

consumption knowledge for a regular customer is through invoice. In Sweden, the 

debiting method used to base on estimation of the upcoming power consumption, an 

estimating value is set in advance for the coming year and in the end of this year, an 

offset method is applied to render a correct financial settlement [2]. There are many 

serious disadvantages of this method, for example, delay. When a customer received the 

invoice, long time has passed; the customer would not remember how much he/she had 

used, let alone the single day’s consumption or even more detailed. This is a significant 

weakness of drawing the attention to energy consumption from a customer since there is 

no way for him to know it at length. For another example, inaccuracy of estimation, the 

previous debiting method follows top-down approach to estimate the consumption, after 

new debiting method with bottom-up approach has been activated, a more reasonable and 

more believable debiting method has occurred [2]. The idea of that will be described in 

coming chapters. Another disadvantage would be collecting data, before introducing the 

new system, 84% of the Norwegian electricity customers read their meter and report the 

consumption to grid companies, meanwhile, close to 30% customers read their meter 

more often than required [3]. This indicates the traditional way not only cannot save 

people’s time on reading and reporting, but also not be capable of fulfilling some 

customers’ demands on monitoring their own power consumption in a more sophisticated 

way. So, an important procedure to save power is to raise the awareness of power 

consumption.  

As mentioned, the concern of electric power system is no longer confined to how 

much has been consumed in total; there are growing interests in good command of the 

exact consumption data for every single customer and the situation of the whole power 

grid. Since traditional power grids cannot satisfy the demands. The concept of Smart Grid 

[4] has been proposed and carried out. The huge demands on saving power leads to the 

quick developing of smart grid, intelligent monitoring is a prerequisite for smart grid 
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according to the definition. Advanced Metering Infrastructure (AMI) [5], which is known 

as smart meter, is widely used to provide the periodically updated energy consumption 

data as intelligent monitoring. 

Swedish electricity market has been deregulated since 1996; it separated the 

electricity sale from the transmission part. In order to monitor and improve the sale 

market, The Swedish Committee of Industry and Trade has made further reformations 

electricity metering regulation in 2003 [6]. The reformation also set in which time interval 

the electricity metering devices should be read by transmission companies. These 

electricity transmission companies were responsible for all their customers of reading the 

electricity consumption by month interval before July of 2009; according to a report from 

Vattenfall AB, the goal was over accomplished, monthly interval debiting data has been 

achieved, even hourly metering data could be provided through a project, called 

Vattenfall Automated Meter Reading (AMR) project, which will be described in next 

chapter [7] [8]. AMR is way more advanced than the former, its functions includes hourly 

reading, power outage reporting, remote switching, power/peak control, etc. In those 

functions, hourly reading is the technology which would be used to present consumption 

in this thesis project. According to the introduction from Svenska Energigruppen AB, the 

majority of the Swedish power metering system has two-way communications, control 

opportunities and other features more similar to AMI; about 10%-20% of the Swedish 

installation only fulfills AMR. The following content of this report will use AMI instead 

of AMR, unless in some particular scenario.  

Under the circumstance of almost fully deployed AMI in Sweden, how to realize the 

awareness on power consumption from customers has become a new problem. From a 

market research in Norway [3], before new system came, 42% of the customers, the 

majority, report their measurement on meter through web page, to the power company. 

This has proved operating power consumption data through Internet to be solid. 

Considering the Internet access ratio in Sweden, this method occurs to the top of list to 

present a visible power consumption monitoring system. In this thesis project, according 

to the requirements of Svenska Energigruppen AB, AMI data is used to present the power 

consumption of the designated Swedish area. In addition, Geographic Information System 

(GIS) is also mandatory [9]. From the customer’s point of view, geographic information 

seems to be not that important, after all, a certain customer cares about his own power 

consumption the most, rather than the position of himself on the map. From the power 

company’s point of view, the meaning of integrating GIS is significant; there are many 

usages for pointing out the exact position of customers and the substations they are 

connecting to. For example, troubleshooting, troubles are inevitable in real world; it is the 

http://www.linkedin.com/companies/vattenfall?trk=ppro_cprof&lnk=vw_cprofile
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power companies’ duty to provide professional repairing services. Then locating becomes 

crucial, a monitoring system with GIS support can give the exact location of where the 

problem happened when detected it. Furthermore, the administrator in electricity 

transmission companies will have an intuitive vision of which area is in trouble.  

GIS has a rapid development recent years, with the popularity of Global Position 

System (GPS), telecommunication and wireless network technologies, GIS is influencing 

people’s common life more and more. There are several active GISs in Swedish market 

based on web-browser, in this report; Google Maps, Hitta.se and Eniro.se will be chosen 

as examples to investigate on. Figure 1 shows an intuitive overview of the monitoring 

system, illustrating the metered data and geographical data flows and user interactions 

within each part.  

 

Figure 1. An intuitive overview of the whole monitoring system integrating AMI & GIS 
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1.2 Goals  

This thesis project originated from Svenska Energigruppen AB, a company aiming to 

increase customers’ knowledge of their own energy consumption and provide information 

on how this can be streamlined. They collect data and to analyze and present these via 

cost-effective web systems, where the operation, support and development are included. 

These are the goals that had been set as the beginning of this thesis project: 

1) Identifying map features available on the Internet (e.g. Google Maps, Eniro.se, 

Hitta.se) and show the similarities and differences in technology solution. 

2) To conduct a situation analysis of the functionality that can now be included in web 

based maps. 

3) To highlight if there are important similarities and/or differences in the interfaces 

used to interact with different map tools. 

4) To implement a dynamic feature where various types of objects can be linked to and 

placed on a web based map. 

5) Investigate on how objects placed on web based maps could be continuously updated 

with new information. 

To sum up, this thesis project aims to provide an energy consumption monitoring 

system, which integrating power consumption information from AMI, and geographic 

information from coordinates, for both customers and power grid companies. In addition, 

active web GIS in Swedish market are also been analyzed in this report, in order to 

investigate the features which may apply for our system in future developing.  
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1.3 Methodology  

This thesis project is about an interdisciplinary developing between AMI and GIS. 

Before developing, investigating on AMI and GIS are indispensable. The knowledge of 

AMI in Sweden is obtained through interviews with industry representatives and related 

publications; others are through various smart meter papers. Basic GIS knowledge is 

accumulated from publications and documentations of different organizations through 

Internet. During the process of literature survey, which is given in chapter 1.4, those 

mentioned knowledge will be further described, in addition, with more specified 

introduction.   

During the process of literature survey, another work of investigating on current 

active web map services in Swedish market is doing in parallel; from several different 

points of view will this report be analyzing these web map services, every feature selected 

will be compared in order to compromise and put forward one of these alternatives as the 

GIS system that comply with the AMI system to compose the power consumption 

monitoring system as described in the goals last paragraph. In the process of investigating, 

the author has matched OGC standards with the map provider of Swedish territory, 

Lantmäteriet, meanwhile, contacting with the retails of Lantmäteriet about the map 

features. On the other hand, at the map service provider side, which is current active 

web-map services websites, the author has researched on similarity and difference, 

advantages and disadvantages. In the end, after taking limitation and features into 

consideration, a feasible alternative for developing has been chosen.  

Besides analysis of Swedish web map services, the work for this thesis project also 

consists of both design and implementation of monitoring system. There is another 

procedure, which is converting the coordinates from RT90 to WGS84 before system 

implementation. WGS84 is exclusively supported by Google Map API. A software which 

can provide batch processing of coordinate converting is selected; and verified with 

another public website. The geographical data are received from Svenska Energigruppen 

AB.  

Final step will be the development of the energy consumption monitoring system. At 

the first stage, the author empirically chose PHP/HTML as the main programming 

language for the system, assisted with Google Map API JavaScript, based on MySQL as 

database software. With the further investigating of Google Map, the author has 

intentionally added the ratio of JavaScript while brought the concept of XML, which 

leaded to the merging of AJAX technology. At the second half of the developing 

procedure, the author has decided to bring the concept of real-time monitoring; thus, PHP 
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is used to write a simulator for generating “real-time” AMI data from the original 

database; and refreshing monitoring page through AJAX to emulate a more authentic 

scenario. Figure 2 shows the simulation diagram for power consumption database. 

 

Figure 2. The Simulation Diagram for Power Consumption Database 

Different programming methods have been used to create the necessary tools 

described in this report. The monitoring system tools will be provided through Google 

Map with its various API interfaces. Final result will be presented through a localhost 

website, the technologies behind that will be PHP/HTML/AJAX/Apache and MySQL.  

In last chapters, a functional evaluation will be given and present the conclusion and 

future work that might be worth to improve and enhance on.  

 

1.4 Related Work 

Neither smart grid nor GIS is new concept, but it was in recent years that both of 

them are smart and popular enough to integrate and arouse the interests to be researched 

on and build a power monitoring system.  

Earlier work [10], published in Mar 2010 points out that from 6%-10% will be a 

tolerable loss in power transferring, and also gives very precise way to measure the loss 

level by level, in addition, combined with GIS system, when and where the loss happened 

can be notified clearly, GIS can even provide more than enough information for 

evaluating. Another pair of important value for evaluating is the usage (sales) and the 
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delivered energy (purchases), at each meter in end-user side, by aggregating and 

comparing, the total losses for each substation could be determined.  

An earlier work [11] on processing AMI data presented two models of planning and 

prognosis for electricity consumption, top-down and bottom-up approaches. The 

top-down approach is accurate and effective when working with data in a well known 

domain, but with stronger physical relationship of bottom-up approach, it will help to 

better estimate new trends in consumption patterns and in other situations with a limited 

access to reliable consumption statistics. It is the AMI data that provide these necessary 

consumption data for the new models.  

World trend is the combination of GIS and smart meter system, there are plenty of 

related research on this area; most of them focus on proposing hypothesis and discussing 

the feasibility of merging state-of-the-art communication technologies among GIS 

components. In [12], it is emphasized that GIS should be treated as one of the essential 

concepts when deploying full controlling and monitoring. 

An analysis of AMI infrastructures [13] published in 2008 given a comparison of 

how communication happens among smart meters, and compared two products, Zigbee & 

OpenHAN. This paper will help if there is any further work on AMI, especially the 

control of communicating. 

 An earlier paper [14] presented the critical role of enterprise GIS in smart grid. It 

also recommended the infrastructures to be accurate, GPS-compliant land base. For a 

further usage, he mentioned GIS can actually control parts of the power grid, it would 

help to correct the abnormal event and adapt to changes based on information from the 

thousands of sensors to help prevent outages and equipment failure if the smart grid is 

driven by GIS. At the last, GIS makes smart grid smarter was reemphasized.  

In Sweden, plenty of software companies are working on provide automatic reading 

and cost tracking of energy consumption for building owners, property managers, retail 

and industrial. For example, Flexolvit AB, has their Mestro* series energy consumption 

monitoring services for different scale of customers, from building owners to individuals. 

The Mestro* Pro and Mestro* Express versions actually present customers’ consumption 

behaviors in several different angles, including electricity, heat, cooling and water; they 

are also about providing a geographical service integration through Google Map; but it is 

only from a big customer’s point of view to check his own properties’ position with 

consumption. Due to business concern, they didn’t provide the technologies of achieving 

the system; it is actually the most similar one to this thesis report. Another example is 

Svenska Energigruppen AB, who generated this thesis project, holding their software, 

energiinfoTM, despite of concerning individuals; they have a system for energy companies 

as well. It focus more on how to increase the use of the remote-read meters, how to 

investigate on new analytical tools, energy services and pricing models, the energy 

companies get new customers, more satisfied customers and more customers.  
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On GIS part, countless projects are related to Google Map, according to the research 

made by the author in this report; no similar project has been conducted on integrating 

AMI meter data in Swedish power market field. 

An earlier paper [15] published in 2006 is believed to be an important early 

instruction on the developing with Google Map API, since Google Map is announced in 

2005. In this paper, the authors has even integrated Google’s AJAX with Web Map 

Service (WMS) [16] and Web Feature Service (WFS) [17], which are two standards 

supported by OGC, WMS provide ready to use format such as JPEG, PNG or TIFF 

through its functionalities, “getMap”, “getCapabilities” and “getFeatureInfo”. Different 

images in different format have been converted to a JavaScript object before overlaying. 

WFS can provide feature data in vector format and vector data encoded in GML [18], 

according to OGC specifications; through “getFeature” request, the clients can extract 

geometry elements, such as Points, LineStrings, LinerRings, and Polygons. Due to 

Google Map use XMLHttpRequest, which use DOM for parsing returned structured 

responses in XML; it is restrained on the size of server, if oversized, DOM parser throws 

“Out of Memory” mistake. By these two integration methods, it can relieve this drawback; 

although it is attractive, the transmission of WMS and WFS take more time, they are not 

as efficient as Google Map.  

A book [19], has detailed illustrated how to develop with Google Map APIs. The 

third chapter, “Interacting with the User and the Server”, inspired some idea for this 

thesis project.  

Since little has done on merging Swedish scope of AMI data into a GIS based system, 

we believe it is valuable to develop an energy consumption monitoring system, especially 

for the power company side, in this thesis report, 50 customers and 3 substations in 

Smedjebacken area have been set as initial investigating objects. In this thesis project, it is 

focusing more on how to present current consumptions and losses by calculating and 

comparing the AMI meter data, which already got from power companies. But not 

carrying out the gathering AMI meter data from GIS integration. According to the 

information provided by Svenska Energigruppen AB, Swedish power grid has achieved 

3%-4% loss while transferring, after comprehensive thought, 5% has been set in this 

thesis project to draw a line between tolerable loss and abnormal power loss, which will 

trigger the alarm system for power companies.  
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1.5 Limit and Scope 

 From Figure 1, an overview of the monitoring system is given; this thesis project will 

focus on part of this general idea. Achieving a system described like Figure 1 would be 

quite complex on technical implementation, only the power grid operators metering 

database is worth to put great effort on. Let alone integrating GIS components into the 

smart metering infrastructures and the communication process, either one-way, or even 

smarter, two-way communication. Due to the energy consumption data and geographical 

data were received from Svenska Energigruppen AB directly for the whole year, 

considering the goals already set, the author is aware that the discussion or implement of 

AMI or GIS components or the ways of data extracting beyond the scope of this thesis 

project. According to the goals, analysis of current active Swedish web map services also 

caused some limitation, the more analysis was done, the more new features were 

discovered, active and negative, both exist. The work in this thesis is forcing on 

investigating and the development of presenting and monitoring the AMI data with web 

map services, but not collecting for AMI devices at power company side.  

 Another concern is about the power data, even there is a whole year, which is year 

2010, consumption data, but they were directly collected from AMI system deployed on 

customer side only. Which means for one end-user at one specific time, there is a single 

AMI data to present the actual consuming; without the record of the delivered power data 

from substation, it becomes impossible to measure the power loss, which leads the alarm 

system unreachable. In this thesis report, the author has built a set of corresponding 

artificial data as the delivered power data from substations; in order to make sure the 

alarm system works. It is functional feasible, but not reflecting the relationship between 

consuming and delivering in real world.  
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2. Theoretical Background 

2.1 AMI in Sweden 

According to a report from Vattenfall AB [8], before June 2009, Automated Meter 

Reading devices have been installed for all 850,000 distribution customers in Sweden, 

which offered the possibility to develop Internet services based on that. Part of the goal 

for this thesis project is to present a visible web-based tool for power companies to 

monitor the electrical consumption. Meanwhile, aggregating the AMI data level by level 

can evaluate power losses in some extent [10]. 

 

Figure 3. Functionality Comparison of Three Generations AMR [8] 

According to Figure 3, there are three generations of AMR meter devices, which are 

AMR1, AMR2 and AMR3, they are coexisting in Sweden. As mentioned in chapter 1, 

most of these devices fulfill the criteria of AMI; but at here, they are still called AMR. 

The designated area for this thesis project is covered by AMR2 or AMR3 according to 

Figure 4, both of them can provide hourly reading. And in this thesis project, only hourly 

electricity reading data is required. 
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Figure 4. Roll out of 3 generations AMR meter deployment in Sweden [8] 

 According to Figure 4, the researching area of this thesis project, Smedjebacken, is in 

the cover of AMR3, which makes the AMI data trustworthy.  

 

2.2 GIS  

GIS is the product of current geodesy, which is way more important for common life 

than it is felt; according to a report from Lantmäteriet, Swedish National Land Survey, 

geodesy contributes significantly to the society in a wide range, over 80% of information 

on the Internet is geographically located; at least 70% of all searches on Google have a 

geographic location linked to a position [20] [21]. Precisely speaking, GIS is not a system 

which just presenting your location, but constituted to present all different kinds of 

geographical data, meanwhile, providing the functionality of manipulating, storage, 

capturing and managing.[9]. 

  

2.2.1 Map 

The foundation of a GIS is the map, all the behaviors are operated on digital map; 

Figure 5 gives an intuitive idea of how a digital map is formed. In order to present an 

interactive query of geographic location, the relative information are stored in one or 
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different layers; each layer consists of one kind of information, they are gathering 

together as a database to answer the basic query of where, what or even when with 

historical maps. 

 

 

Figure 5. GIS layers [ESRI] 

(source reference: http://www.gis.hctx.net/) 

2.2.2 Map Representation 

 From Figure 5, different layers could be classified into raster and vector; which are 

the two methods of digital map representation.  

 The raster representation is made up from pixels, or so called cells; arrays of pixels 

which record a value individually, large numbers of cells combined together to present 

the world in one layer. Due to the attribute of raster image, the digital map could not be 

infinitely zooming in. 

 The vector representation is basically made up from coordinates; a pair of coordinate 

can reflect a point, two pairs can draw a straight line, more coordinates can model curves. 

http://www.gis.hctx.net/


13 

 

Enough coordinates can reflect enough sophisticated information. In contrast to raster 

representation, vector image can be infinitely zoomed in [22].  

2.2.3 GIS Market 

The Open Geospatial Consortium (OGC) [22] is the biggest international, voluntary 

consensus standards organization. Almost all the GISs comply with OGC standard. OGC 

is taking the leading position of developing standards for geographic content and location 

services. OGC members are world wild, according to their webpage of members, almost 

all the map providers known in the market are theirs members. Including Google and 

Lantmäteriet, who provide electric map to Eniro.se and Hitta.se. Google was not a 

member of OGC until they published formerly Keyhole Markup Language (KML) [23], 

which became a standard of OGC. Meanwhile, there are many other standards exist in 

OGC, for example, Web Map Service (WMS), Web Feature Service (WFS), which  

support Lantmäteriet. These are the two standards will be presented in this report later. 

There are two main GIS system in market now, ESRI and Google; both of them 

follow the OGC Standard. ESRI has a history over than 40 years, its products have 

one-third of the global market share, which is leading in this industry. Its products are 

mainly about ArcGIS series, the software is divided into four groups; Desktop GIS, 

Server GIS, Mobile GIS and Hosted GIS. Meanwhile, Google Map and Google Earth are 

also blooming, with user friendly interface, more and more attractive functions and 

convenient operations, Google’s GIS is quite competitive. Eniro.se and Hitta.se are also 

popular web-based GIS systems in Sweden; both of them use the map from Lantmäteriet. 

The rest of the GIS market is quite diverse; because in OGC, standards are open to public, 

only if the map data are acquired, either the GIS server or GIS client software could be 

developed under these open standards. There is a general comparison of the GIS related 

software[24]; they could be roughly divided into open source and non-open source 

applications.  

 

 

2.2.4 Features and Standards  

2.2.4.1 OGC-compliant  

 As mentioned in 2.2.3, there are many open standards for GIS, such as WMS, WFS. 

The portrayal WMS is more suitable for open web applications. It is a standard protocol 

of giving map image for geographical related requests, it is generated by GIS. The maps it 
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provides are mostly raster images; these images are customized according to the 

customers’ request, including compiling, resizing and styling. A series of different request 

types are specified by WMS, the WMS server requires two of them: 

 GetCapabilities - returns parameters about the WMS and the available layers 

 GetMap - with parameters provided, returns a map image 

Besides these two compulsory request types, a WMS provider may optionally support 

are as follow: 

 GetFeatureInfo – return info about feature(s) at a query (mouse click) location 

 DescribeLayer – return an XML description of one or more map layers.  

 GetLegendGraphic – returns a legend image (icon) for the requested layer, with 

labels. 

Figure 6 gives a sequence of operations for using a web map service [16] [25]. 

 

Figure 6. Sequence of operations for using a web map service  

The OGC Web Feature Service Interface Standard (WFS); is providing vector 

geometries and other geographical features for the users according to requests. 

Meanwhile WMS interface or other online mapping portals give only an image, without 

the ability of customer editing or spatially analyze. With WFS, sophisticated applications 

could be done. WFS transmission is encoded in GML, which serves as a modeling 

language in XML grammar defined by OGC; GML has the ability of integrating all forms 

of geographical information [18] [25] [26].  
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2.2.4.2 Non-standardized Web Map service 

 Hereby, non-standardized web map service is referring to Google Map and Google 

Earth. They serve the mapping services by using a non-open protocol; predefined layers 

have been set and can be required from server. These sealed layers are similar to the 

WMS raster images mentioned in 2.2.4.1. The autonomy of users could start just above 

these layers. Keyhole Markup Language (KML) is the XML notation language to express 

geographic annotation and visualization in both 2D and 3D mapping services. It is 

generated from Google, even if Google Map and Google Earth are non-standardized web 

map service, KML do actually comply with OGC open standards. KML and GML 

complement each other; almost all of the KML file could be losslessly converted into 

GML file; on the other hand, about 90% of the GML files could not be converted into 

KML. A GIS client follows WMS standard could also load a KML file; but in Google 

Earth, WMS map data could not be loaded or any other OGC standards. In Google Maps 

API, a class, GMapType, is used to define customers’ predefined map types; through this 

class, a WMS server with Google Maps API could be given as long as a working server 

can provide WMS layers[23] [27] [28].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



16 

 

2.3 Coordinate System 

Coordinate system is the key to locate and measure in a GIS. Figure 7 gives an 

briefly overview of how coordinate system works on measuring the surface of earth. Any 

methods used to describing and illustrating a stereoscopic or a three-dimensional object 

onto a two-dimensional plane, are called map projection [29]. In this thesis report, only 

two-dimensional scenario is discussed. All kind of map projections will cause distortions 

of earth surface information, in order to fulfill different requirements, large numbers of 

map projections are created to ensure tolerable distortions in specific region. The two 

coordinate systems mentioned in this report are belonging to one map projection, 

Transverse Mercator Projection, as known as Gauss-Krüger Projection in Europe.  

 

Figure 7. A briefly overview of how coordinate system works on measuring the surface of earth 

Transverse Mercator Projection is an adaptation of Mercator Projection; which is a 

cylindrical map projection. Figure 8 and Figure 9 give the intuitive ideas of the projection 

methods of these two map projections. From these two figures, it is easily to tell how to 

expand the surface of earth from sphere to flat; during this process, distortions happened 

in different aspects. For Mercator Projection, it is unbounded in the vertical direction, 

especially in the two poles of the earth, distortion increases with y axes. Meanwhile, near 

the equator, distortion is smaller; this projection is suitable for accurate mapping around 

the equator areas. On the other hand, Transverse Mercator Projection, it is unbounded in 

the horizontal direction, especially in the equator region, distortion increases with x axes. 

Meanwhile, near the poles, distortion is smaller; this projection is suitable for accurate 

mapping around the poles. A detailed comparison of these two map projections is given 



17 

 

in this page [30]. Obviously, for such a country like Sweden, which is closer to north pole 

than equator, the Transverse Mercator Projection suits better.  

  

Figure 8. Mercator Projection  

(source reference http://nationalatlas.gov/articles/mapping/a_projections.html) 

 

Figure 9. Transverse Mercator Projection  

(source reference: https://www.e-education.psu.edu/natureofgeoinfo/book/export/html/1695) 

According to Figure 7, two coordinate systems in this thesis report, RT90 and 

WGS84, they are both based on Transverse Mercator Projection. Universal Transverse 

Mercator (UTM) geographical coordinate system is a 2-dimesional coordinate system to 

locate on the surface of the Earth; it is based on an ellipsoidal model of Earth. UTM 

coordinate system consists from several different coordinate systems; WGS84 is one of 

them and now used to model the earth [31]. Due to the fact that earth is an ellipsoid, 

different coordinate systems will refer different parameters while describing the given 

region of earth surface. For RT90, the reference ellipsoid is Bessel 1841; for WGS84, it is 

http://nationalatlas.gov/articles/mapping/a_projections.html
https://www.e-education.psu.edu/natureofgeoinfo/book/export/html/1695
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Earth WGS84. According to a comparison [32], the Bessel 1841 ellipsoid treats the earth 

more like a sphere than the Earth WGS84 ellipsoid; this feature fits the geoid curvature of 

Europe especially. That is one of the reason that RT90 measures Sweden territory more 

accurate than WGS84.  

2.3.1 WGS84 

World Geodetic System 1984 (WGS 84) is the current revision of WGS, dating from 

1984. This revision is about to valid up to 2010 [33]. Until finish of this thesis report, 

there is no clue of updating WGS84. Due to the well spread of WGS84 across the world, 

we believe through illustrating an example of coordinate from WGS84 will be enough to 

tell how it works.  

 A standard point of coordinate in WGS84 is like this: 

  Lat:  N 59° 17.982' / 59.299711° 

Lng: E 18° 4.953' / 18.08254° 

“Lat” stands for latitude, “Lng” stands for longitude. There are two forms on presenting a 

value, either in standard form xx Degree xx arc, or in decimal. For the convenience of 

reading and developing in future, we use decimal in this report. In this case, “N 59° 

17.982'” means 59° 17.982' northward form Equator; and “E 18° 4.953'” means 18° 

4.953' eastward from the prime meridian.  

The cross point of Prime Meridian and Equator is presented as “0.0, 0.0”. In decimal 

format, there will only be numbers, without letter N or S to point out the direction, so we 

will introduce negative numbers to denote direction. 

 Towards north-east:  “(+), ( +)”; 

 Towards north-west:  “(+), - ”; 

 Towards south-east:  “-, (+)”; 

 Towards south-west:  ”-, -”. 

Through this way, a location could be presented with the range from 0-90 degree for 

latitude and 0-180 for longitude.   

GPS is using WGS84 as one of the most common reference coordinate system, 

according to the definition; the accuracy is believed to be good. Error could be controlled 

in about 10cm level [34].  
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2.3.2 Swedish Grid 

In Sweden, Lantmäteriet, National Land Survey, is an affiliate to government. They 

use RT90 and SWEREF as geometric coordinating system. The official Swedish name of 

the grid system is Rikets nät and the full notation is RT 90 2.5 gon V 0:-15 [35]. RT90 is 

inherited from RT38, the older co-ordinate system, made slight changes.   

            

Figure 10. Triangular configuration of the RT 90th    Figure 11. Projection Zones in RT 90th 

(Source reference:  http://www.lantmateriet.se/templates/LMV_Page.aspx?id=4766) 

Figure 10 is the triangular configuration of the RT 90th, in 1982, there were 

approximately 85% was measured, when measurement ended; it covered about 3800 

triangular points with a relative distance accuracy of 1-2 ppm (mm/km). The 

corresponding accuracy of RT90 is thought to be controlled in 1-2 cm, according to a 

report from Lantmateriet [36]. Compared with WGS84, 10 cm error, this will give more 

accuracy. Figure 11 shows the projection zones in RT90th.   

A standard point of coordinate in RT 90 is like this: 
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X = 6200000.000,  

Y = 1300000.000;  

in 'RT 90 2.5 gon V 0: -15' 

To understand this coordinate form, it is necessary to clarify some concepts first.  

 Prime Meridian: Well-known as Greenwich (Prime) meridian, located in Greenwich, 

London.  

 Central Meridian: According to the definition, it passes though the center of a 

projection. In this case, central meridian stands for 2.5 gon V 0. This is the meridian 

used in RT90 system, 15°48'29".8 E of Greenwich, this meridian used to be the 

Prime Merdian, before Greenwich. It is located 1500KM east from current Prime 

Meridian, and that is the number “-15” stands for. In order to avoid negative numbers, 

1500KM is added when presenting the position westward.  

This coordinate obtained at the projection, where parameter X stands for positive 

northward from the Equator; and parameter Y stands for positive to the east, starting from 

the central meridian of the current projection systems. In this case, X = 6200000.000, 

means this point is 6200km north from Equator; Y = 1300000.000, means this point is 

-200km (1300km – 1500km) west of central meridian, in other word, 200km eastward of 

2.5 gon V 0. Through this presenting form of RT90, a point can be exactly located.  

 

2.3.3 Convert from RT90 to WGS84 

The GIS used in this thesis project is Google Map, the reason of choosing it will be 

presented in next chapter. WGS84 is supported exclusively by Google Map API, but the 

coordinate received from Svenska Energigruppen AB is in RT90 format. Thus, it is 

necessary to transfer coordinates from RT90 to WGS84. It is a complicated mathematic 

calculation; this report is not going to discuss it, but just introducing some existing tools 

as follows: 

 CoordTrans 

CoordTrans is the software developed by Franson Technology AB. It can 

provide converting of geographic coordinates between different coordinate 

systems, including Swedish ones, RT90, etc. Due to the budget limit, we will 

choose the free 7 day trial version, which is limited to convert 10 points at most 

one time. Figure 12 is the interface of this software [37]: 
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Figure 12. CoordTrans Converting from RT90 to WGS84 

 http://rl.se/rt90 

This is an online converting website; it can convert RT90 to WGS84. But only 

one point every time. Figure 13, which is in Swedish, gives a screen dump of 

this website about the converting results [38].  

 

Figure 13. rl.se RT90 to WGS84 screen dump 

http://rl.se/rt90
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From the above two converting method, the author has used the same point in RT90 

format (meter): 

 X/(N) = 6577640.61 

 Y/(E) = 1629738.63 

CoordTrans can provide the accuracy to centimeter level, meanwhile, rl.se can only 

provide till meter level. Reflect to WGS84 coordinate, there is an error at the level of: 

 Lat:  0.000002° 

 Lng: 0.000003° 

Considering CoordTrans can also provide batch processing; even only ten 

coordinates one time, it is chosen to convert from RT90 to WGS84 in this thesis project.  

 

2.4 AJAX Approach 

 Electrical map based services are demanded to illustrate the position of the specified 

customer and substation with their power consumption data. Although the speed of 

Internet access is already very fast, sometimes it still cannot fully satisfy people, the 

geographic data and power consumption data are quite huge; a reliable way is needed to 

transfer only the necessary information between server and browses. Hereby, we 

introduce Asynchronous JavaScript and XML (AJAX) technology [39]. 

AJAX is not a new technology; it is a combination of several existing technologies, 

as mentioned in last paragraph. Google Map uses AJAX; that is why you almost feel no 

delay when operating, like zoom in, scroll around, everything happens instantly. In this 

thesis project, we first achieve the monitoring system by classic web application model, 

than try moving to Ajax web application model, in order to gain swift user experience.  

 

 

 

 

 

http://en.wikipedia.org/wiki/Asynchronous_I/O
http://en.wikipedia.org/wiki/JavaScript
http://en.wikipedia.org/wiki/XML
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3 Analysis on Swedish Web Map Services 

This thesis project is not only focusing on providing a power monitoring system, the 

investigation of current web map services and the cutting-edge technologies are also 

important work for this report. Considering the requirements of Svenska Energigruppen 

AB, the power monitoring system will serve a designated Swedish area, Smedjebacken, 

accordingly, more attention is given on the potential GISs currently available in Swedish 

market.  

In this thesis report, Google Map, Hitta.se and Eniro.se are three targets for our 

analysis. They are providers of web based map services. From the perspective of 

dimension, Google and Hitta.se have the 3D visual angle; Google provides 3D for both 

Google Earth and Google Map through a browser plug-in; Hitta.se shows its own 3D 

module through a Java plug-in, AGENCY9 3DMaps EX, provided by Agency9, is aiming 

to deliver 3D visualized solution of a city [40].  

Google Map, Hitta.se and Eniro.se are the web map services which are mostly used 

in Sweden. They are considered as alternatives subject to investigation in the following 

chapter. We analyze them from different perspectives, such as map providing, 

development cost, API openness, diversity usages of application layers, and 

documentation. 

 

3.1 Map provider  

Through investigating on different map providers, we can measure an important 

event of map services developing, which is the price of digital map. To check the map 

provider of different GISs is quite easy, according from the screen shots below from 

Google Map, Hitta.se and Eniro.se, there is a sign at either lower right corner or lower left 

corner to tell the map provider.  

For Google Map, it is Tele Atlas. Figure 14 gives a screen dump of Google Map 

official website. 
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Figure 14. Screen dump of Google Map 

For Hitta.se, it is Lantmäteriet, Swedish national land survey. Figure 15 gives a 

screen dump of hitta.se official website. 

 

Figure 15. Screen dump of Hitta.se 

http://www.lantmateriet.se/upload/filer/om_lantmateriet/Lantmateriet_annual_report_2010.pdf
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For Eniro.se, it is Lantmäteriet, as well as Hitta.se. Figure 16 gives a screen dump of 

eniro.se official website. 

Figure 16. Screen dump of Eniro.se 

Tele Atlas is the biggest digital map and navigating information vendor in the world, 

founded in 1984. They provide digital map services for over 200 countries and regions, 

with customers in areas covering Portable Navigation Device (PND), mobile manufactory, 

vehicle manufactory, government and enterprises. Google and Tele Atlas have a long 

term contract to make sure Google has the authority to access digital map and information. 

Tele Atlas has been purchased by TomTom in 2008; then Google stop using Tele Atlas 

map at US in 2009; but in Sweden, Tele Atlas still serves Google Map. So, in this thesis 

project, nothing prevents us from developing with Google Map API [41].  

  

 

  

 

 

 

http://www.lantmateriet.se/upload/filer/om_lantmateriet/Lantmateriet_annual_report_2010.pdf
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3.2 Map Features 

3.2.1 Cost of Developing 

The biggest cost on developing a GIS is usually the cost of the maps. Hereby, 

developing on Google Map has a great advantage. Table 1 briefly illustrates the cost of 

several web map services providers and the map providers behind them.  

GIS Map provider Cost 

Google Map Tele Atlas None 

Eniro.se Lantmäteriet Around 100,000 SEK/year 

Hitta.se Lantmäteriet Around 100,000 SEK/year 

Table 1. Cost of Map on developing 

From table 1, it is clearly presented that why the developing based on Google Map is 

so flourishing due to its zero cost of map.   

Lantmäteriet has many retailers to sell all kinds of the digital maps. One of their 

retailer, Metria, claimed to be able to provide geographic data in raster or vector format 

depending on different level of details a customer want. They deliver digital data in for 

example tiff, jpg (raster) and shape, TAB (vector) formats, and their map service is called 

MetriaMaps. It is a service where you always have the latest maps available. You can 

work with MetriaMaps in the background and add your own data on the top. They 

charged this service from 100,000 sek per year.   

 

3.2.2 Open API 

Google Map is supported by its various APIs, including Google Maps Javascript API, 

Google Maps API for Flash, Google Static Maps API. These APIs basically cover all the 

popular technologies in current Internet communication.  

For Eniro.se, from this page [42], it shows in the current situation, they have no open 

API, but be interested in developing open API support later. 

There is another way that Eniro provides public map services for ordinary user [43], 

there is an icon on customer’s website that links to Eniro map service. Customers can set 

their own position through address and all the attributes, Karta, Flygfoto, Hybrid or Zoom 

http://www.lantmateriet.se/upload/filer/om_lantmateriet/Lantmateriet_annual_report_2010.pdf
http://www.lantmateriet.se/upload/filer/om_lantmateriet/Lantmateriet_annual_report_2010.pdf
http://www.lantmateriet.se/upload/filer/om_lantmateriet/Lantmateriet_annual_report_2010.pdf
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level, descriptive words. A segment of source code is required to be added by the users. 

Like the Figure 17 shows [43].  

 

Figure 17. Icons that link to certain position on Eniro.se 

Despite there is no open API supporting for Eniro.se, they have their own 

value-added services, which are extra functions based on map search. For example, 

www.hemnet.se, it is a real-estate searching website; its map service is supplied by Eniro 

according to Figure 18.  

 

Figure 18. Map Service Supplier of Hemnet.se 

The red circle pointed out that Eniro provide the map service, and as mentioned in 

3.1, Lantmäteriet is the supplier behind Eniro through their retailer, Karttakeskus. In 

contrast with last paragraph, this map service is embedded in www.hemnet.se, houses that 

matches the criteria is presented on the map as different markers. When mouse slides on it, 

a window will pop up, showing the basic information of the certain house and a link to 

another page which will describe the house elaborately. This pattern is similar to Google 

Map, map services API is embedded in its own website. There are some other websites 

file:///C:/Users/guoliang/AppData/Roaming/Microsoft/Word/www.hemnet.se
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similar to www.hemnet.se, using the map services provided by Eniro through business 

cooperation. This example indicated that for the initial stage of developing with very 

budget limit, Google Maps has a huge advantage in open API; no matter from the 

difficulty perspective or the functions that could be provided in map services, Google 

Map is qualified for this thesis project. Once the project is decided to be deployed for 

further developing in the future, Eniro.se and Hitta.se are worth to cooperate with. After 

all, as mentioned in 2.3.1, Lantmäteriet can provide more accuracy on map locating.  

For Hitta.se, situation is very similar with Eniro.se, there is no open API like Google 

Map Javascript for Hitta.se, what it had is fairly static API. As the two main web map 

services providers in Swedish market, Hitta.se has some similar functions with Eniro.se. 

For example, in the map page of Hitta.se, there is a function named “Kartnålen”, Figure 

19 shows how it works. After intuitively adding the marker by double-click, description 

words and sharp of marker could be decided as well, then a serial of html source code is 

generated; this source code is actually an URL link, it could be sent to a certain person 

though Email by click “Mejla”, or directly copy it to the browser address bar. As Figure 

19 showed, encapsulating this URL to a href tag and presenting it with image or word as a 

link, that will be exact same with Eniro.se provided.  

 

Figure 19. How to publish a marker though the map service of Hitta.se 

http://www.hemnet.se/
http://www.lantmateriet.se/upload/filer/om_lantmateriet/Lantmateriet_annual_report_2010.pdf
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For further discussion on the API of Hitta.se, www.blocket.se could be used as an 

example as well; it is a famous second-hand exchange website in Sweden. When an 

advertisement is published, the basic address information is accompanied, as Figure 20 

shows.  

 

Figure 20. API example on Blocket.se provided by Hitta.se 

By checking the source code of this page, the hyperlink “Visa var”, it leads to 

Hitta.se and points out the position via post code. Unlike www.hemnet.se, a new window 

will be popped out and shows the seller’s postal area, which means it does not have an 

open API like Google Map. This works the same way as Eniro.se does, which providing 

an icon that contains the link to Hitta.se, as mentioned, static API.  

 

 

  

3.2.3 POI Layers 

 From Figure 5, the top layer of (Points of Interests) POI, corresponds to GML & 

KML contents in 2.2.4. Besides the basic layers to constitute a working web map, there 

are also some additional layers to provide more sophisticated add-value services; 

fortunately, all of the three alternatives have this function. Some examples will be given 

as follow, after that, they will be explained and compared. 

http://www.blocket.se/
http://www.hemnet.se/
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Figure 21. POI categories on top layer of Eniro.se 

 Figure 21 shows the Telia Homerun Wireless Zones on the map of eniro.se. From the 

red circle, it can tell that lots of different categories are listed, including public 

transportation points, traffic situations, schools, mailboxes and Hemnet as mentioned 

before. Draw and Measure functions are also provided through WFS standard.  

 

Figure 22. POI categories on top layer of Hitta.se 

 Figure 22 shows the traffic situation on the map of Hitta.se, in the right circle, it tells 

that categories of POI in Hitta.se are less than Eniro.se.It is easy to get the idea that 

Hitta.se has only traffic, route check, mailbox and downloading POI in different GPS 

systems.  
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Figure 23. POIs to GPS on Hitta.se for entire Sweden 

 Figure 23 shows that Hitta.se has an extra function to provide POIs download for 

different GPS systems, including Garmin, GPX, TomTom and LMX(Nokia). The POIs 

here are very abundant, including drug stores, libraries, etc. This attribute is not referring 

to the power consumption monitoring system that developed in this thesis report, but it 

will help a lot in future if the monitoring system is going to be further migrated into 

different portable devices.  

 

Figure 24. POI categories on top layer of Google Map 
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 Figure 24 shows the POI categories on http://maps.google.com. Although it is 

world-wide covered, it is less than either Eniro.se or Hitta.se. This is just the official web 

map service from Google, with the help of Google Maps API, flourish POI categories 

could be provided, for example, in Figure 24.  

 

Figure 25. POI categories on top layer of Wikimapia.org 

 Figure 25 is a screen dump of wikimapia.org, which is an online map that combines 

Google Maps with a wiki system, users could add the POIs through a wiki system into the 

Google Map, this provide a big amount of resource data of POIs from end-users. 

Although the reliability of these POIs may not as good as the ones in Hitta.se and Eniro.se; 

the advantage of quantity fetches up the problem of reliability.  

 

 

 

 

 

 

 

 

http://maps.google.com/
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3.3 Analysis Conclusion 

 Table 2 gives a conclusion of the pervious analysis on Swedish active web map 

services, which are Google Map, Eniro.se and Hitta.se, and presenting them through a 

table with pros and cons.  

Web Map Service Pros Cons 

Google Map 

1.Open API 

2.Free map cost 

3.More users 

4.User based POI providing 

5.Google Earth View 

6. Abundant documentation 

for developing 

1. Lower Accuracy of 

Coordinate 

2. Not centralized value-added 

services. 

Eniro.se 

1.Accuracy of Coordinate 

2. Local cooperation  

e.g Hemnet.se 

3. Trustworthy POIs 

1. No open API 

2. High map cost 

3.User resources  

Hitta.se 

1. Accuracy of Coordinate 

2.Remarkable 3D view 

3.POI download for different 

GISs 

1. No open API 

2. High map cost 

3.User resources  

Table 2. Pros and Cons of Swedish active web-map services 

From Table 2 and the previous analysis of Swedish active web map services, we 

believe it is proper to choose Google Map as the web map services provider to develop 

the power consumption monitoring system from all the alternatives.  
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4 System Developing  

4.1 Establish the Developing Platform 

WAMP5 (Windows, Apache, MySQL and PHP) runs in localhost to provide as test 

environment. DreamWeaver is the software to programming PHP and JavaScript for 

Google Map API.  

 WAMP5 could be downloaded and installed as a package from their official website, 

www.wampserver.com, in this thesis report, version 1.7.4 of WAMP5 has been installed. 

In this version, the software included in this package are as follow: 

 Apache  Version 2.2.6 (Win32) 

 PHP  Version 5.2.5 

 MySQL  Version 5.0.45-community-nt 

There are several database-management tools provided in this package. PHPmyadmin 

2.11.2.1 was chosen to manipulate power consumption and geographic location data.  

 For developing purpose, a popular website developing tool, DreamWeaver 8.0,was 

chosen.  

 According to Google Maps API developing procedure, the first step is to sign up 

your own webpage to Google, which requires you having a Google account. After login 

with your Google account; a Google Maps API key should be applied for 

http://localhost/ , a single Maps API key can be valid for the single domain, which means 

all the pages in this thesis developed locally can share this key. In this thesis project, 

JavaScript is used, so the key generated here is in this format: 

 <script 

src="http://maps.google.com/maps?file=api&amp;v=2&amp;sensor=true_or_false&a

mp;key=ABQIAAAA58i1tehbM8ZKEKm0hOokBxT2yXp_ZAY8_ufC3CFXhHIE1NvwkxRSb0HnzXKF2

wMtSkCIT-COC4BUzw" type="text/javascript"></script> 

This key should be loaded between script tags in the page where a map needed to be 

shown.  

 

 

 

http://www.wampserver.com/
http://localhost/
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4.2 Database Design 

The data were stored and operated in MySQL, the power data and geographical data 

were stored in different tables; with the developing of system, AJAX is involving more 

and more, some of the data were converted into xml format.  

4.2.1 Geographic Data 

The geographic data received from Svenska Energigruppen AB is in RT90 format. 

After converting with the approach in 2.3, they are now in WGS84 format. There are 53 

points in all, 50 of them are customers and the rest 3 are substations. Meanwhile, there is 

another set of data to present the connecting relationship between the certain customers 

and these 3 substations. The database tables involved in geographic data are as follows: 

                  

Figure 26. Two tables to present geographic location and connection relationship 

 Considering it will be more efficient to read from xml file through Google Map API 

for JavaScript, geographical data were rewritten into xml files through php script; geodata 

will be written by simulator in 4.3. Connection will be written into connection.xml in 

advance. Here is the example of connection.xml.  

conncetion.xml 

<connections> 

<connection idC="21929" idS="T50-004" latC="60.1455116" lngC="15.4050951" 

latS="60.1452179" lngS="15.4017477" /> 

</connections> 

 

4.2.2 AMI Meter Data 

The AMI meter data received from Svenska Energigruppen AB is relatively big, 50 

end-users’ AMI meter data periodically recorded at the interval level of one hour for a 

whole year, which is over 438,000 records. This power consumption data will be used as 

part of the original database for simulator. The database tables involved in AMI meter 

data are as follows: 
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Figure 27. The table to show power consumption of customer 

 

4.3 Simulating Real-Time Power Consumption Data 

As mentioned from beginning, Figure 2, due to the author received power 

consumption data for the whole year in one piece; there should be a method to create 

real-time scenario. In order to display the effect of the monitoring system, the author has 

decide to shorten the time interval between two continues electricity records from one 

hour to around 30 seconds to reflect the trend of changing.  

 

 Figure 28. The diagram of simulating process 

 Figure 28 shows the simulating process and the sequence of interactive clearly; the 

simulator is programmed in a PHP page, automatically reload itself through HTML 
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<meta> attribute, content method; it needs to be run iteratively while testing the 

monitoring system. The output of simulator is an xml file, according to 2.4, AJAX 

approach, this xml file is used to providing real-time data for presenting on the 

monitoring system with Google Map. Here are the examples of the output in power.xml 

for customer and substation data. The pseudo-code for this simulating procedure will be 

given in Appendix. 

   

Figure 29. Power.xml, output of simulator for customer and substation 

 Legibility makes this xml file stands for itself very clearly; besides other tags, some 

introductions will be given about <current> and <output>. 

<current>: The information in this tag records the newest power consumption data 

extracted from table power by simulator for the corresponding customer by <id>. As 

mentioned, the consumption value of substation is inaccessible; the value of substation’s 

current consumption is the sum of customers according to the connection relationship 

given in 4.2.1. Customers only have the record of <current>. 

<output>: The information in this tag represent the actual power that has been delivered 

from power company, the value is bigger than <current> because of transmission loss. 

According to chapter 1, this value is set to 5% in this thesis project. It is inaccessible from 

original database as well, the author has written a function to multiply a random number 

between 1.01 and 1.10 with the value of <current> for substation. Through this method, 

the alarm system could be triggered or recovered in a simulated real-time scenario.  

 

 

 

 

 

 



38 

 

4.4 Monitoring through Google Map 

4.4.1 Pointing out items with addOverlay() 

Hereby we introduce the Google Maps API for JavaScript. First, we need to create a 

map by instantiating the GMap2 class. GMap2 class is the center class of the Google 

Maps API for JavaScript; all the other classes are auxiliaries.  

map = new GMap2(document.getElementById("map")); 

This function create a new map inside of a given HTML container, which name is 

“map”, it is usually a DIV element.  

 <div id="map" style="width: 50%; height: 50%"></div> 

In this case, this DIV element is set flexible on size according to the browser 

window’s size, 50% height and width.  

Now we need to call some control methods to make the map be more friendly; 

 map.addControl(new GSmallMapControl()); 

This method adds the control to the map, like zoom in, zoom out and four directions 

movement. Till now, with the key which mentioned in 4.1 integrated together, a Google 

Map is loaded in one page. Usually, when a map is showed, it would be preferred to show 

a designated area in a relatively small scale, proper to locate. Then we need to call the 

method: 

  map.setCenter(point, scale); 

This method will set the map center in the position of “point”, and the scale from 1, 

which is world scale, to 18, which is street scale. For “point”, it is generated from a base 

class called GLatLng: 

  var point = new GLatLng(60.1414100, 15.4160500); 

Till now, there are still two steps away from point out one marker on the map. 

createMarker function and adds an overlay to the map. Here is the createMarker function: 

  function createMarker(point,html){ 

   var marker = new GMarker(point); 

   GEvent.addListener(marker, "click", function() { 

    marker.openInfoWindowHtml(html); 

   }); 

   return marker; 

  } 
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There is an overlay class, GMarker, in this function and another event class, GEvent. 

GMarker creates an instant marker and requires “point” mentioned previously as 

parameter, GEvent class calls the static method addListener, this method has three 

parameters (source:Object, event:String, handler:Function); the first one points to the 

instant created by GMarker, the second one shows the way to trigger this event, and the 

third one presents a function which is triggered; openInfoWindowHtml(html) function 

shows the “html” context in the information window. In the end, this function returns the 

GMarker instant. After this createMarker function, it needs to be called in the method 

addOverlay of GMap2 class.  

  map.addOverlay(createMarker(point, 'html')); 

 

4.4.2 Monitoring System for Power Company 

 The simulator needs to be run while running the power consumption monitoring 

system. Figure 27 shows the working mechanism of the power consumption monitoring 

system. There are two main functions, Load() and Reload(), to achieve the purpose of 

monitoring.  

 

Figure 30. The working mechanism of monitoring system 
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Load() function will initiate all the items, the monitoring page was open, including 

map creation; reading the data from power.xml through GXmlHttp asynchronously; 

reading the connection.xml through the same method, GXmlHttp; call the reload() 

function in the end. All the markers loaded in this page could be treated as POIs 

categories. The effect could be checked in next chapter. 

 Reload() function runs itself automatically through setTimeout(‘reload()’, 1000*10), 

in 10 seconds; this function just load the necessary information from power.xml, which 

are <id>, <current>, <output>and <category>. Every time reload() function detects an 

alarm, it compares the <category> with the current substation’s <category> on the map 

through <id>, if the certain <category> value are different, change it to the current statue, 

either alarm or normal with marker.redraw(true) method. The pseudo-code of the 

monitoring system is given in Appendix. 

 

4.4.3 Monitoring System for Customer 

 There are many advanced power consumption monitoring system for end-users in the 

market, as mentioned in 1.4; for this thesis project, more focus has been put on 

monitoring system developing for power company side. The monitoring system at 

customer side is mainly programmed through PHP and HTML, assisted with small 

portion of AJAX for Google Maps API. The power consumption data is extracted directly 

from the database, table power. Here are the functions developed for customers: 

 Check power consumption data of current/certain day. 

 Point out geographical location of the customer.  

 Generate column chart of power consumption for the whole year of 12 months. 

 Compare customer’s consumption with the average value in a certain radius 

range.  

Some screen dumps will be given in next chapter to present the monitoring functions for 

customers.  

 Figure 30 gives a briefly functions illustration of the power monitoring system, the 

effects of all these functions are given in next chapter.  
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Figure 30. Briefly functions illustration of the power monitoring system 

 

 

 

 

 

 

 

 

 

 

 Extra functions for Customers: 

 Generate Column Chart 

 Compare average 

Consumption in an area 

 Check certain day 

consumption 

  

 

 

Extra functions for Authorities: 

 Global view of geographic 

location 

 Real-time Substation Alarm 

System 

General Functions: 

 Check current consumption 

 Check geographic location 

  

Check Login 
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4.5 Login System 

There should be a login system to control and separate customers and power 

companies before reaching the monitoring page. The author has used SESSION method 

of PHP to detect if a monitoring page is loaded by a valid user. In order to keep affiliated 

function as simple as possible, a table is storing the corresponding username and 

password, the password is the hashed value of username by MD5, when logging, 

password will be transferred to the server as a hashed value; through this method, the 

security could be protected in some extent. Meanwhile, through checking username, 

regular customer will be leaded to customer monitoring page and the authorities from 

power company will be leaded to the global view of power consumption monitoring 

system. 

 

Figure 31. Login page 
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5 Results and Measurement  

 In this chapter, the author will present the developing results and measurement 

results through some screen dumps, complying with the corresponding explains. 

5.1 Results of functional testing 

5.1.1 For Customer 

 As described in last chapter, the monitoring page for customer is presented in 

Figure 32, top half of the page is presenting the geographical location with Google Map, 

bottom half consists from three rows; the first row shows the current power consumption 

of this customer; the second row is quoting a calendar JS script to select a certain date for 

checking the corresponding consumption for that day; the third row provides a function to 

select a radius range of 100m, 300m and 500m to compare the current consumption with 

the average value in this area.  

 

Figure 32. Monitoring page for customer 
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Figure 33 shows the column chart of power consumption generated for one of the 

customers for one year. The JS script of making column chart is gained from 

amcharts.com, by using the interface it provides, not only the data it presents could be 

changed, but also the attributes of column chart, like shape, shadow, etc.  

 

Figure 33. Column chart for the whole year of one customer 

(Source reference: http://www.amcharts.com/javascript/) 

 

5.1.2 For power company 

 Figure 34 shows the monitoring page in power company side, a customer could be 

checked through two ways, either clicking on the marker, or selecting the customer id 

from the pulldown menus. The first method is from the perspective of geographical view, 

it is easy to check a customer from its position on the map, but hard to locate the certain 

customer; the second method compensated this drawback.   
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Figure 3.8. Check a customer in power company side monitoring page 

 Figure 35 and Figure 36 are pairs of screen dumps to illustrate an alarm triggered 

process in power company side monitoring page, meanwhile, presenting the function of 

showing and hiding of one type of markers.  

 

Figure 35. Check a substation in power company side monitoring page 
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Figure 36. Check a substation when alarm triggered in power company side monitoring page 

 Yellow marker S represents the power loss of substation is normal, which means 

lower than 5%; if power loss is over 5%, the marker becomes purple marker S 

automatically through AJAX refreshing. From Figure 35, the power loss is 

(23.21-21.1)/23.21 = 9.1%, as it presented as purple; in next moment, from Figure 36, the 

power loss is (17.34-17)/17.34 = 1.96%, as it changed to yellow.  

 From the top left corner of Figure 36, the checkbox of “Customer” is not checked, in 

corresponding, the markers of customers are disappeared. Here is the presentation that 

mentioned in 4.4.2. 

 

5.2 Measurement  

 Hereby, the author is just running a simple script in simulator to record the simulator 

updating time, to measure if the simulator could provide a stable 30 seconds updating 

real-time data output. Figure 37 is a screen dump of time updating record, the author has 

noted 20 rounds of the simulator and comparing the time intervals between each 

simulating process.  
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Figure 37. Time record of simulator process 

The HTTP Meta method is used to refresh the simulator page, it is set to 10 seconds; 

which means the simulating procedure will repeat once every 10 seconds. According to 

Figure 37, Table 3 gives the time consuming record of simulating process.  

Round 1 2 3 4 5 6 7 8 9 10 

Time(s) 19 19 20 19 20 23 19 20 20 19 

Round 11 12 13 14 15 16 17 18 19 20 

Time(s) 19 21 19 19 19 20 19 19 20  

Table 3. Time consuming record of simulating process 

 The average time consuming of simulating process is 20 seconds, plus 10 seconds 

waiting time; a whole simulating process will cost approximately 30 seconds, considering 

the Reload() function in monitoring page, it refreshes itself every 10 seconds. In the best 

case, if there is an alarm triggered or recovered from abnormal statues, the monitoring 

system will discovery it immediately; in the worst case, it will be discovered in 10 

seconds.  

 In real world, at least according to the power consumption data the author received 

from Svenska Energigruppen AB, the AMI collecting time interval will be 1 hour; which 

is way longer than the emulated simulating time interval in this thesis project. We believe 

the monitoring system presented in this thesis is functional enough to be used as a 

real-time monitoring system.  
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6 Conclusions 

 This report first analyzed the current active web map services in Swedish market. 

Through analysis, the author get a comprehensive result of these web map services; Eniro 

se and Hitta.se take the advantages from map accuracy, local cooperation and local POIs. 

Google Map takes the advantages from developing cost, open API, developing documents 

and lot amounts of users. After taking all the features, pros and cons into consideration; it 

is proper for this thesis project to choose Google Map as the web map service system to 

develop on with the AMI data. The analysis also provides some potential better features 

that could be used in future developing.  

Through programming with PHP/AJAX/MySQL/HTML in localhost environment, 

this thesis project presented a web-browser based system to monitor AMI data in a 

designated Swedish area, Smedjebacken, through Google Maps API. The data for 

developing are 50 end-users with power consumption data recorded periodically recorded 

every hour for one year. The author wrote a simulator by php, extracting from the power 

consumption database and writing into a XML file for the purpose of emulating real-time 

data. Through results and measurement chapter, the monitoring system is proved to be 

able to handle real-time monitoring through AJAX approach with Google Maps API.  
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7 Future Work 

 Comparing with the current smart metering technologies and GIS technologies, this 

thesis project just give a simple innovative power consumption monitoring system in a 

designated Swedish area, Smedjebacken. There are plenty of aspects could be improved 

in this thesis project. From two main aspects this thesis project could be improved.  

 First aspect will be AMI data, with the smarter meters appear, the time interval of 

AMI data collected could be even reach minute level, furthermore, not only consumption 

value is recorded, but also the power value that delivered from substation could be 

recorded as well. The monitoring system could be further developed to adapt a smarter 

AMI, giving a more accurate consumption and alarm system; problem can be traced into 

the exact end-user.  

 Second aspect will be GIS, according to the analysis of Swedish active web map 

services, it will be a better choice to use the map provided by Lantmäteriet; thus, the 

accuracy of locating items could be higher without the converting loss from RT90 to 

WGS84, if budget allows. Even under the circumstance of using Google Map, there is an 

approach worth to investigate on, which is Google Maps API for mobile devices. If the 

monitoring system can be run in mobile devices, it will be very convenient for the 

maintainers from power companies to locate the alarm while reaching there.  

  

http://www.lantmateriet.se/templates/LMV_NewsPage.aspx?id=17119
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Appendix 

Pseudo-code for simulator: 

load the whole procedure once every 10 seconds  

 $SubStation = array(...) //load the substation in to array $SubStation 

 require_once('...')      //require connection to geodata and power table 

 for($i = 0; $i < customer Number; $i++){  //load attributes into $Consumptions[] 

  $Consumptions[] = array( 

   load 'id' 

   load 'lat','lng' 

   load 'current' 

   load 'output' 

   load 'category') 

  delete           //remove current record 

 } 

 function sbcurrent(...){ 

    //calculate the current consumption value for substation 

http://www.lantmateriet.se/templates/LMV_Page.aspx?id=4766
http://franson.com/coordtrans/
http://rl.se/rt90
http://www.agency9.com/
http://en.wikipedia.org/wiki/Tele_Atlas
http://www.eniro.se/hjalp/flygfoto/
http://api.eniro.com/qm-partnerintegrations/query?what=emappartner&partnername=homemap
http://api.eniro.com/qm-partnerintegrations/query?what=emappartner&partnername=homemap
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 } 

 output = current*(1+(rand(1,10)/100)) 

 for($j = 0; $j < substaion Number; $j++){ 

  $Consumptions[] = array( 

   ... 

   load 'output'= sbcurrent(...) 

   ) 

 } 

 $doc = new DOMDocument()   

 $r = $doc->createElement("power") 

 $doc->appendChile("$r") 

 foreach($consumptions as $consumption){ 

    //write the simulating values into power.xml 

 } 

 echo $doc->saveXML() 

 $doc->save("power.xml") 

 

Pseudo-code for monitoring: 

 function boxclick(box,category) {...} 

 function conclick(box) {...} 

 function hide(category) {...} 

 function show(category) {...} 

 function showconnection(){...} 

 function hideconnection(){...} 

 function makeSidebar() {...} 

 function load(){ 

  initiation 

  function createConnection(...){...} 

  var map = new GMap2(...)                //create map 

  var request = GXmlHttp.create()         //read data 

  for(var i = 0; i < Consumptions.length; i++){ 

   var point 

   var id 

   var current 

   var output 

   var html 

   var category 

   if((output/current) >= 1.05) { 

    alarm triggerd 

   } 

   var marker = createMarker(point, id, html,category)  

  } 
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  setTimeout ('reload()',1000*10) 

 } 

  

 function reload(){ 

  var request = GXmlHttp.create() 

  for(var i = 0; i < Consumptions.length; i++){ 

   var id  

   var current 

   var output 

   var html 

   var category 

   if((output/current) >= 1.05) { 

    alarm triggerd 

   } 

   marker.redrew() 

  } 

  setTimeout ('reload()',1000*10) 

 } 


