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Abstract 
 
The emerging techniques of mobile GIS applications, its abilities and its implied limitations of 
internet connections is the main subject in this study.  Many of the operations that mobile devices 
use are dependent on mobile internet connectivity. Therefore the potential for it in well connected 
areas is great but how would they function in less connected areas? Mobile GIS, which is today 
mostly used in devices as smart phones and tablets, has internet connectivity for uploading and 
downloading files and other data. Mobile GIS is also dependent on location-based services that 
enable the device to get information or take action from the current location of the device. This 
research examines the potential usage of mobile GIS in conjunction with the bandwidth of wireless 
technologies. It is important to study this issue to see if mobile applications can perform upload and 
download tasks within reasonable time in poor mobile coverage. To test the possibilities of mobile 
GIS in rural areas a test environment is set up in a mobile GIS application for septic tanks. The 
testing is performed by uploading and downloading data with real GIS actions from pre-selected 
locations that have low mobile coverage. The study is comparing the measurements with a scale of 
acceptable time for download and upload. The result for registering (uploading) a new point in 
mobile GIS with three small images is that it requires at least 330 Kbit/s connection to transfer the 
data within acceptable time. The results for uploading data without images and downloading gives 
even better results and are not as dependent on a good connection for transferring within acceptable 
time. The conclusion is that mobile gis applications are able to run within acceptable time measures 
in rural areas. The results and other sources were used to make general guidelines for mobile GIS 
applications for use in rural areas.  

 

Keywords: Mobile GIS, bandwidth, acceptable time, mobile coverage, rural areas  



3 

Table of Contents 
Abbreviations, acronyms and terms ..................................................................................................... 4 

1. Introduction ...................................................................................................................................... 5 

1.1 Background ................................................................................................................................ 6 

1.2 Aims ........................................................................................................................................... 8 

1.3 Scientific questions .................................................................................................................... 8 

2. Theoretical background .................................................................................................................... 9 

3. Methodology .................................................................................................................................. 12 

3.1 Data and methods ..................................................................................................................... 12 

3.2 Measurement approach ............................................................................................................ 14 

4. Results ............................................................................................................................................ 16 

4.1 Comparison of measured time and acceptable time ................................................................. 17 

4.2 Comparison of using vector based map instead of raster......................................................... 20 

4.3 General design guidelines ........................................................................................................ 21 

4.3.1 Uploading .......................................................................................................................... 21 

4.3.2 Downloading ..................................................................................................................... 22 

5. Discussions .................................................................................................................................... 23 

6. Conclusions .................................................................................................................................... 26 

References .......................................................................................................................................... 27 

Appendix 1 - Measurements .............................................................................................................. 30 

Appendix 2 - Sample of W3C log file ............................................................................................... 35 

Appendix 3 - Upload form ................................................................................................................. 36 

 

 
 
  



4 

Abbreviations, acronyms and terms 
2G   - Second generation of mobile communications 
3G  - Third generation of mobile communications 
4G  - Fourth generation of mobile communications 
EDGE  - Enhanced data rates for GSM evolution (2,75G) 
GIS  - Geographical information system 
GET  - A request to the server to deliver data from server to client (download) 
GNSS  - Global navigation satellite system 
GSM  - Global system for mobile communication  
GPRS  - General packet radio service (2,5G) 
GPS  - Global positioning system 
HSDPA - High speed packet access (3,5 G)  
HTML  - Hypertext markup language 
HTTP  - Hypertext Transfer Protocol 
IP  - Internet protocol 
KB/s  - Kilobytes per second 
Kbit/s  -  Kilobits per second. One kilobit transfers 0.125 kilobyte per second 
LBS  - Location-based services 
LTE  - Long Term Evolution 
MB/s  - Megabytes per second 
Mbit/s  - Megabits per second 
POST  - Submits data from client to server, generally via html forms (upload) 
PPI  - Pixels per inch 
RTD  - Round trip delay 
SDE  - Spatial database engine from ESRI 
SDF  - Spatial data file 
SMS  - Short message service 
UMTS  - Universal mobile telecommunication system 
W3C  - World wide web consortium  
Wi-Fi  - Local area wireless computer networking  
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1. Introduction 
From the time the global positioning system (GPS) signal was corrected (May 1, 2000) for the 
general public, techniques that enable people to locate themselves in handheld devices have been 
developed (Li & Brimicombe, 2013). One of the first implementations of this technique was the 
GPS navigation systems that are mostly used in cars to get assistance to drive from A to B and they 
are still heavily used. The recent usage of GPS and Location-based services (LBS) is mostly in 
geotagging images and locations in social media such as facebook, twitter and foursquare. 
According to research 74% of people older than 18 use their smart phones to get directions or 
information based on their current location. The same research says that 30% of smart phone users 
use location tagging in social media (Zickuhr, 2013).   

Mobile GIS has been in developing for all this time but the technologies and devices have 
changed over this time. Location awareness is one of the techniques that have evolved and it has 
given the Mobile GIS an extended value since many operations can be managed from the location 
point you are standing on. Today the functions that are available in most mobile GIS applications 
are: Connecting to your data through the internet and create, edit or update features and attribute 
data. You can also make search of neighboring features, zoom to your current location and get 
information (identify features). Querying and measuring distances are also common features. (“Esri 
Software | ArcGIS App for Smartphones and Tablets,” n.d.). Many open source application servers 
and relating software enables you to create your mobile GIS application software with similar 
functions. The development in the field will most likely give more functions for the future mobile 
GIS applications. That leads the attention to the bandwidth for transferring data since more 
functions will likely extend the usage of bandwidth in future applications.  

Mobile GIS could be used for e.g. data acquisition up in glaciers, in deserts or out in the sea 
if mobile bandwidth in these areas would not hinder it. Of course the mobile coverage is different 
from country to country or region to region but the most rural areas are likely to be less connected 
than highly populated areas. The importance of having a good mobile internet connection has never 
been as great as today. Most of the data that is downloaded to the smart phones and tablets today is 
downloaded with internet connection, indoor (Wi-Fi) or mobile connections. At the same time it can 
be said that mobile internet connections has never been as good as today. The bandwidth in 4G 
connections allows the user to download data at the rate 15.1 megabits per second (Mbit/s) (average 
speed) while 3G connections allow average speed rate 6.1Mbit/s (Ofcom inc., 2014).  In most 
countries of the world (United Nations sovereign states plus islands and districts), there is a service 
provider for 3G networks or in 214 countries/regions out of 254 according to worldtimezone.com 
(2015). In 10 of them they have skipped the 3G step in the development and went directly to 4G. 
Therefore only 30 countries or regions are not having 3G or 4G connections. The distribution of 
cellular radio towers that creates the cellular coverage is more or less correlated to where most of 
the people live or where the potential customers are. According to the Swedish post and telecom 
authority, 83% of the country area in Sweden is today connected with a standard mobile connection 
for telephone calls. The coverage for data communications (10Mbit/s or more) for the country is 60% 
(Post- och telestyrelsen, 2015). Therefore it can be expected that 17% of the country has no mobile 
coverage at all and 40% has less than 10 Mbit/s data transfer. 

GIS functions in mobile devices are highly dependent on mobile bandwidth but the facts 
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above shows us that mobile GIS that requires internet connection is not useable in at least 17% of 
the country of Sweden. The scope of this study is not in those areas where it cannot be used, but 
furthermore in the areas where the connections are bad or low bandwidth is available (the 40%-
17%=23% area). Mobile coverage in rural areas can be improved greatly but still areas with 
population will most likely be in the focus of the service providers. That means that rural areas with 
no population will likely not be covered with good mobile coverage unless a new technique will 
come along.  

Mobile GIS applications can be designed in many ways and their ability to be used in rural 
areas can be different from one application to another. There are existing a best practice handbooks 
for increasing the performance of such applications like ESRI, (2009) and Autodesk, (n.d.) but the 
issue of performance in rural areas is not addressed there in a specific way. General guidelines for 
applications that will be used in rural areas are needed and that is one of the aims of this study. 

To test the bandwidth in such areas the “Septic tank map“ (Rotþróakortið in icelandic) is 
introduced. The “Septic tank map“ is a mobile GIS application which can locate, create and register 
septic tanks. In general, this application works as the main data collection feature for the central 
database of septic tanks. As a user of the application you can create a new point in a map with a 
septic tank, register the attributes, take pictures, and upload to the database server. You can also 
register when it is emptied and you can put there some notes as well. All these actions are simple 
but they require mobile internet connection. Screenshot images of the “Septic tank map” can be 
seen on Figure 1 page 11. In the coming chapters the background, aims and scientific questions of 
research is described.  

1.1 Background 

The earliest versions of mobile GIS devices were capable of doing some tasks on-site like drawing 
new features and adding attribute data. These devices were having all the map data uploaded to the 
device before going out to the field. When the user finished the on-site actions he had to take the 
device back to office and synchronize the data with database where all map data came from in the 
beginning (Li & Brimicombe, 2013). Today the usage possibilities have extended immensely. First 
of all the mobile GIS is using a mobile internet connection that is real-time connected to the source 
database. That means that no map data is generally imported to the device before going out to the 
field and most of the operation executed on-site are uploaded to the database with the help of 
internet connection. The key components of present types of mobile GIS are “GIS servers; wireless 
mobile telecommunication networks (connectivity); mobile handheld devices (such as smart 
phones); location-awareness technology; gateway services.“ (Li & Brimicombe, 2013, p. 157). 
Gateway services are the middleware that connects the wireless network to the internet (Mansourian, 
Farnaghi, & Taleai, 2008).   

Mobile GIS compared to conventional GIS is in some ways different. The data for mobile 
GIS is delivered by a GIS server to the device but not in the form of file based conventional GIS. 
The key difference is obviously that mobile GIS (similar to internet GIS) is not stand-alone like the 
conventional GIS usually is. The most important part in the connection between the GIS server and 
the mobile GIS is the internet connection. If there is none or limited connection in the area where 
you are using the mobile GIS it will reduce the usage possibilities of it. Smart phones and tablets 
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that have GPS availability or location intelligence are using internet bandwidth when using apps 
like Google maps since they download the maps to the device and they are therefore dependent of 
internet connectivity. The real-time connection is on the other hand giving the mobile GIS more 
value as they can send information from their location through the internet (Li & Brimicombe, 
2013).  

In the mobile environment or “out in the field” the location is the key feature to what you 
perform with the application in the current location. As an example, if there is an employee of 
electricity distribution company, he would could go with his tablet to a street and create a new point 
for electric street box (box with fuses that are generally found on most streets). He can register the 
coordinate from the location of the device and other information (attribute data) for the box, take 
photos of it and upload all data to the database server. From the current location, he could find the 
surrounding houses (records in a database) that are closest to it and are connected to this specific 
box. The mobile GIS makes the process of finding and joining those houses (records) to the point 
he created a lot easier than in the conventional GIS environment since your location is the center 
point and you specify the search radius around it. He could later come again to this place and stand 
in front of this same electric street box. To find it he does not have to search for the name or number 
or even browse the map, he uses the location of the device showing all electric boxes in  e.g. 5 m 
radius. The potential of mobile GIS is not limited to create points but it's also possible to create 
lines and polygons and register all attribute data as well.  

The standards used in mobile GIS for delivering data from the GIS server to the device are 
similar or the same as in internet GIS. The original purpose of Internet GIS was for sharing data that 
was created by conventional GIS (Tsou, 2010). The internet GIS has developed and has today a lot 
of functions that were originally only in conventional GIS. The functions and features of mobile 
GIS are hardly comparable to conventional GIS as there are still many functions not yet in the 
mobile environment. The main and overall difference is that the conventional GIS does not have a 
specific location to work with or search from. In a conventional GIS environment you would have 
to create a buffer to find the houses and make the connections to the houses in the above example. 
The differences in these three types of GIS are becoming less as the years go by. Of course the 
conventional GIS is always with the most functions but they have increased in the other GIS types 
(Li & Brimicombe, 2013). There is a reason to expect though that behind a mobile GIS application 
is another conventional or internet GIS application with more functions sharing the same database. 
The mobile GIS is very useful to acquire data but will most likely not be used for performing 
detailed analysis, as that is easier as an office task with conventional or internet GIS. The “Septic 
tank map” is an example of that. It uses a central database with both a mobile GIS and internet GIS 
connected to the same database. The mobile solution is mainly to acquire data and the internet part 
is for administrators and planners to see how the process is going, get reports and graphs.  

The methods of measuring mobile bandwidths are many and different methods require 
different approach (Yao, Kanhere, & Hassan, 2008). The topic of measuring mobile bandwidth is 
rather popular now since the expansion in use of smart phones and tablets is huge. But what is 
bandwidth and how is it measured? The term bandwidth is used as a measure of quantifying the 
transfer rate of data that a network can transfer (Móczár & Molnár, 2014). As Han, Liang, Shen, & 
Yang (2014) state, the “common approach to measuring the bandwidth is by uploading or 
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downloading a large file to or from the server. The uplink or downlink bandwidth will be the size of 
the file divided by the time“ (p. 887).  The speed consists of bandwidth and latency. Latency is 
delay and measured with sending a small packet to destination and back again to find round trip 
delay (RTD) (“Latency versus Bandwidth”, 2009). A combination of bandwidth and latency is often 
called throughput. The distance from where the mobile GIS user is to the server is the main feature 
to find the latency. Latency calculated with the speed of light is 1000 * Distance / Speed of light. 
There is also another latency type which is the propagation delay or the time for the signal to get 
through the link (Chen et al., 2004). 

But what is a good connection and when is the speed of the connection good enough? In the 
study of (Galletta, Henry, McCoy, & Polak, 2004) where the tolerance of web users is estimated 
and put to time measures, it can be seen that users do not tolerate more time than 6-8 seconds in 
general, when opening a website. Another study from (Taylor, Dennis, & Cummings, 2013) shows 
acceptable download time as 7-11 seconds. Both of these studies are only evaluating download 
speed. Since the uplink speed is often much slower it can be estimated that upload time could take 
up to five times longer time (Han et al., 2014) without having measures of if users accepts such time 
or not. These results show how long time is acceptable but they will be structured and modified 
with arguments to fit in this study.  

Mobile GIS consists of many different components. In the “Septic tank map” there is a map 
server (MapGuide OpenSource), SQL database server (MS SQL Server Express) and web 
application server (Railo). The map can be put together with raster images and vector layers. The 
“Septic tank map” only consists of two layers (when opening the map) and three layers totally (Bing 
background map and septic tanks layer and from scale 1:200.000 house points appear). The septic 
tanks and house points are stored in the SQL server. Therefore, the map consists of a raster 
background layer and two layers that are vectors read from database. Querying and registrations are 
done with web application server to the SQL server with a web based forms that uses GET and 
POST methods, where GET is a download and POST is upload (Miller, 2014). In the design of the 
system it was an aim to create a light-weight system that would perform well in rural areas. 

1.2 Aims 

The overall aim in this study is to evaluate the performance of mobile GIS application in rural areas 
where low internet bandwidth is available. The aim is reached by acquiring data of transmissions 
and bandwidth with a mobile GIS application and statistical analysis of the upload and download 
data is performed. The bandwidth is tested by the use of the “Septic tank map” mobile GIS 
application, which is used for data collection.  Based on the results of the analysis a set of design 
guidelines are suggested that should be applied when developing mobile GIS applications, which 
are to be used in rural areas.  

1.3 Scientific questions 

For a scientific context of this study, there are three major research questions to examine. 

1. Can a real-time connected mobile GIS application such as the “Septic Tank Map” perform 
suggested actions within acceptable upload/download time when used in rural areas? 
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2. What are acceptable times for uploading and downloading data with a mobile GIS application?  

3. By which factors or methods can the design of mobile GIS applications increase usability with 
the results of the analysis? 

2. Theoretical background 
The theoretical background of this study consists of four different science fields. First one is the 
studies of mobile GIS and its potential and design features to apply in low bandwidth. The second is 
the studies of LBS and the part it plays in the development of mobile GIS. The third science field is 
bandwidth measurements and the fourth is the studies of acceptable waiting time when using the 
internet. 

Many mobile GIS systems have been produced for different purposes. One main purpose is 
though to change the working methods from using simpler methods like paper and pen over to 
collect data by using mobile GIS application to be able to upload data with real-time connection to 
the central database. Ye et al. (2014) describe in their paper the development of a mobile GIS 
application to collect the quality of arable land. Tests were executed in Da Xing District, in Beijing 
and in Te Da La Qi District, Inner Mongolia, China. This mobile GIS system consists of a map and 
input forms to acquire data. This system is in many ways similar to the “Septic tank map” but it 
differs in how data is transmitted. The data is collected to the device and transmitted afterwards to 
the central database. The main reason for this workaround is that wireless connections are limited in 
the area. Their approach is anyhow important for determining design restrictions and guidelines for 
design of mobile GIS to use in rural areas, which is one of the aims in this study.   

A mobile GIS for pregnant women is suggested in the paper of Ismaeel & Hamead (2014). 
The background and motive for this application is the fact that nearly 290.000 women die annually 
during pregnancy and childbirth in Africa and south Asia.  This system is supposed to help the 
pregnant women to notify their location to the nearest health center and call for emergency help 
with current location to the health center or hospital. This system is interesting because it will not 
require higher bandwidth than GPRS (2.5G) mobile connection. Some of the information can also 
be sent as SMS which only requires basic mobile connection (GSM or 2G). The information that is 
sent is simple and there is no map in the user interface, which reduces the need of good mobile 
bandwidth. The design of this application is more or less linked to the fact that mobile bandwidth is 
not expected to be good and their approach has value for making guidelines and design restrictions 
in this study. 

A home monitoring system linked to free map GIS servers is described in the paper of Al-
Ali, Zualkernan, Lasfer, Chreide, & Abu Ouda (2011). The system is equipped with different types 
of sensors like gas sensor, smoke sensor and motion detector sensor and they are linked to a 
communication module which transmits data to the owner with mobile application. This system is 
also intended for security firms, municipalities and civil defense organizations. This system relies 
only on two simplest methods of mobile bandwidth or GSM and GPRS. The information that is sent 
from the homes are simple and does not require a high bandwidth for transfer. This system is not a 
usual mobile GIS since the data is collected with a stationary (not mobile) device but the user can 
check the data and get the information to a mobile device.  The system utilizes free map services 
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like Google maps to view the data that is collected by the sensors. This system is interesting and 
gives much information on how to develop a system that does not require a high bandwidth. 

In the paper of Mansourian et al. (2008) a mobile GIS for emergency system is described. 
The system is a web server-client application that uses internet connection for data transfer. The 
mobile GIS system is connected to different web servers that provide different data for the mobile 
GIS user. This paper is dealing with mobile connections and their limitations, unstability and lack 
of predictability. Therefore this paper has many similar perspectives and deals with similar 
problems as in this study. The paper is therefore a good source of information for this study and for 
applying general guidelines.  

In the paper of  Sadoun & Al-Bayari (2007) the linkage between LBS and GIS is described. 
The methods and calculation behind the locational awareness is described and the interpolation 
method (GNSS technology) for finding the location of a device. They describe four types of LBS; 
first is information and navigation services, which are similar to the usage in vehicle GPS 
navigation systems. The second is emergency assistance, which provides the location of mobile user 
in the case of emergency. Third is tracking services, which are for tracking routes of vehicles or 
people, and fourth is network related services when location can be achieved by using the connected 
communication network where other measures cannot be applied. This paper is describing in detail 
the usage of LBS and the methods for making the devices locationally aware and mobile GIS is 
relying on LBS for detecting the location of the device.      

In the research of Yao et al. (2008) where mobile bandwidth is the issue, they conducted a 
study which took eight months and 71 trips along a 23 km route in Sidney, Australia. The research 
was intended to map the mobile network diversity on this route and two HSDPA (3.5 G) networks 
were tracked. The results of this research show that the bandwidth measured in one trip has no 
significant correlation to a measurement in another trip. These results show therefore a low 
predictability of a network and even in an urban area as their study area is. This paper gives 
interesting results for this study, but their environment is urban area and the type of network 
(HSDPA) is not necessarily found in rural areas where this study has its focus.  

Han et al. (2014) suggest a system that predicts or forecasts mobile connectivity. The system 
is supposed to be able of forecasting network bandwidth with a good accuracy by mapping a 
relationship between human and environmental factors and by the use of trajectory match. The 
paper deals with the design of this system and comparison to real measured data and the result is 
quite good. The system is tested in a university campus area and uses Wi-Fi connections for testing. 
This system would most likely be useful in forecasting mobile GIS bandwidth. It would require a 
collection of a historical data that is used for forecasting. The system does not exist for a 
commercial use and can therefore not be used in this study.  

Bandwidth estimation by detecting a busy period is suggested by Móczár & Molnár (2014) 
by modeling the dynamics of the bottleneck queue. They produced an algorithm that estimates the 
unused bandwidth in a network. The system involves specific test server that evaluates the unused 
bandwidth, while communicating with the general web traffic. The tests were performed in a 3G 
network and the results were compared to an actual speed tests. This system shows good results and 
is interesting for a future use, but does not exist for commercial use. It would although be a 
possibility to recreate this system with a test server but that would require a workload that exceeds 
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Figure 1: The "Septic tank map" opening view (left) and functions that can 
be performed in current location (right) 

this study. 
The study of Galletta et al. (2004) where students are performing a test on how tolerant they 

are in web browsing shows interesting result. The result shows that a web page is not downloaded 
within acceptable time if it is not done within 6-8 seconds. This study not caring of how big in 
kilobytes (KB) the page is that they are opening or there is no measure of the size of the 
downloaded file. The only thing that is measured is the acceptable time, without digging into what 
causes the delay. This study is also only dealing with downloaded data but not uploaded data and 
the result is based on the feelings of the participants. The results are anyway important to help 
making a model of acceptable time in upload/download. 

Delays in web searching are the issue of Taylor, Dennis, & Cummings (2013) and they present 
a tolerable delay as 7-11 seconds. This research consists of two experiments with more than 100 
participants in each. The experiments show that satisfaction in web browsing with a delay from 0 to 
11 seconds dropped 20% in one experiment and 13% in the other. These results are not so different  
from the results of Galletta et al. (2004) so these two researches gives indication of a tolerable or 
acceptable waiting time for downloading data and can be used as such.  The perspective in these 
researches is quite another than in this study. The user of a mobile GIS has no option of browsing 
another website when it is slow as he is connected to one specific application. 
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3. Methodology 
The methodology chapter describes in general a qualitative approach to the subject. Data, 

methods and measurement approaches are described further in the following chapters. 

3.1 Data and methods 

In the study of Yao et al. (2008), Han et al. (2014) and by Móczár & Molnár (2014) there are 
different methods in measuring bandwidth since these papers have different aspects to the 
measurements as predictability, mobile network diversity and a busy period detection. As described 
before on page 7-8 the simplest and best fitted  method of measuring bandwidth was  used in this 
study and it is the basic method of  uploading or downloading data and measure the time it takes to 
do that.  This method is described in Han et al. (2014). The method is giving the necessary data to 
measure data transfer in rural areas.  The methods that are described in the papers above are too 
complex and exceed the workload in this study.    

The data that is used is measurements from the “Septic tank map” on-site in rural areas where 
low bandwidth is found according to the coverage map provided by the service provider. The data 
comes from a log file in the internet server that collects all traffic to and from the “Septic tank map” 
server. The W3C extended log file format was used but that is a customizable ASCII text-based 
format that allows you to select the information that is logged (Microsoft, n.d.). The data columns 
that were selected are listed in Table 1 and a sample of the log file is in Appendix 2. The most 
important data fields for this research are the cs-bytes, sc-bytes and time-taken fields since they 
allow for evaluating the speed of connection in KB/s and Kbit/s. The log file displays the actual 
time it takes to transfer a data from client to server or the opposite. Therefore, different parts of the 
time e.g. latency, cannot be measured since it is already included in the overall transfer time.   

 

 

The data was collected in the surroundings of Gävle, Sweden.  The same person performed all tests 
with the same device and the locations were chosen from a coverage map from the service provider 
(Figure 2).   

Table 1: Descriptions of W3C log file fields used in this 
study (Microsoft, n.d.)

Log fields Description
date The date when activity occurred
time The time when the activity occurred
s-ip IP adress of server
cs-method The requested action (GET or POST)
cs-uri-stem The target or file accessed e.g. default.htm
cs-uri-query The query string that was sent
s-port Server port
cs-username The name of authenticated user.
c-ip IP adress of client
sc-bytes Server to client bytes (download)
cs-bytes Client to server bytes (upload)
time-taken The length in time the process took
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There were 5 different operations tested on each location, two of them uploading data from client to 
server and three of them downloading data from server to client. These operations are an example 
of general operations that can be found in any mobile GIS application. They will provide answer to 
the overall aim of the study and scientific questions. Operations are described as follows: 

1. (Upload) A new point or a new septic tank was created and uploaded with attribute data and three 
small images (200-300 KB each). In the “Septic tank map” the user is supposed to take one image 
of septic tank, one of the house that is connected to it and the third picture should show both septic 
tank and the house. The size of this data is ranging from 590 KB to 891 KB.  

2. (Upload) The same data as in 1 was uploaded without the three images. The size is 2,86 KB to 
2,96 KB. 

3. (Download) A list of emptied septic tanks for the year 2014 in Borgarbyggð community. The list 
size requires download of 139,6 KB 

4. (Download) A list of notifications (clarifying statements and errors) that have been registered in 
Borgarbyggð community. The list requires download of 71 KB. 

5. (Download) The fifth operation that was tested was to see how the map part of the “Septic tank 
map” performed. When opening the “Septic tank map” the logs makes it possible to see how long 
time it takes to load as well as to see kilobytes downloaded. 

 

Figure 2: Tele 2 coverage map in Gävle and surroundings. A., B. and C. are showing spots 
with low bandwidth which were used for transmitting data with the “Septic tank map”. 

Translation: Bastäckning:Basic coverage, God täckning: Good coverage, Mycket god täckning: Very good coverage. 
 (“Tele2 täckningskarta - Se vår täckning för 2G, 3G och 4G,” n.d.). 
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The upload operations 1 and 2 (as listed above) consisted of sending attribute data that 
includes 14 columns, 2 are of data type ”real” (latitude and longitude) one is float, one is ntext (long 
text) and the rest or 10 columns are text or string columns (including three image data fields). The 
upload web form is in Appendix 3. 

When the user has found a location in a low bandwidth area, the first task he performed on-site 
is using an app (IP utility) to find the IP address he is using. A snapshot image of the screen with 
the IP address was then stored to match with the client IP address in the log file. The snapshot also 
shows the time when the user is doing his registration. Then the user logged  in to the “Septic tank 
map” with a username and password he is provided with. The map was opened (operation 5) and 
then operations 1-4 as listed above were executed. All data was collected with Apple Iphone 6 
which was connected to the service provider Comviq/Tele2. Tele2 coverage map was used to find 
spots with low bandwidth as shown in Figure 2.   

3.2 Measurement approach 

There are three main measurement approaches used in this study for evaluating the results of the 
acquired transmission data:  

1. Compare the time it takes to perform the mobile GIS operations on-site to a new scale of 
acceptable times for on-site operations 

2. Compare the time it takes to download the opening map in mobile GIS to the scale of acceptable 
times. 

3. Compare the difference in data amount of using vector based map instead of a raster based 
background map. 

   The basis of the measurements is to compare uploaded or downloaded data amount to the 
time it takes to perform the upload/download (Han et al., 2014) as described on pages 7-8. 
Bandwidth for the different types of technologies is generally published in kilobits (thousand bits) 
per second (Kbit/s) or megabits per second. One kilobit can transfer 0,125 kilobyte per second 
(KB/s) since one kilobyte consists of 8 kilobits (Brookshear & Brylow, 2014). The average speed 
for 3G connection (6.1 Mbit/s) as mentioned on page 5 would then transfer 0,762 MB/s or 762,5 
KB/s (6,1/8) and a 4G connection (15,1 Mbit/s) would then transfer 1,89 MB/s (Ofcom inc., 2014).  
Transfer rates for different mobile technologies as 3G and 4G can vary between service provider, 
location, time and system load (Brookshear & Brylow, 2014). This study is not looking further into 
transfer rates of different technologies but rather in general in Kbit/s or Mbit/s.   

According to Galletta et al. (2004) and Taylor et al. (2013), the acceptable waiting time 
when opening a website or performing search on the web is from 6-11 seconds. There is a 
difference from when you are searching or browsing the web, to when you are working on-site and 
uploading the data you have collected. If you are browsing the web to see some information and the 
website is slow, you can just cancel it and try elsewhere. You have likely other places or options to 
get this information. The case is different when you are working with your mobile GIS on-site. You 
are trying to send your registration from the location you are and you have no other option. The 
importance of your data is high and you want that data safely registered so you can continue with 
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your work. In that case, your tolerance is much higher than in the case of the person that is 
browsing or searching for information.  

This study requires a measure for this acceptable upload time and therefore it is important to 
create a measurement scale for waiting tolerance when performing internet-based operations with 
mobile GIS. Given that the acceptable times for browsing the web is 6-11 seconds and the average 
download of a web page is 1795 KB in size (“Page bloat update,” 2014), the download rate is from 
1795/11=163,2 KB/s or 163,2*8= 1,3 Mbit/s to 2,4 Mbit/s. Generally in commercial connections, 
upload speeds are slower than download speeds. In most broadband techniques today there is no 
technical feature that says that upload should be slower than download (“Download Speed vs. 
Upload Speed,” 2014). The service provider has decided it because they know that download is 
more used and more demanded than upload. Many broadband companies are offering packages 
where the difference is 4-5 times, download 30-50 Mbit/s and upload 7-10 Mbit/s. In some 
broadband connections the difference is due to the technique, itself or it is specified to transfer 
upload at slower speed than download.  Mobile connections have asymmetric speed as a part of 
their technology like 4G has 4 times faster potential download speed than upload and in older 
technologies the difference is even more (“LTE”, 2011).  

When uploading the size of the average website (1795 KB) at 5 times slower rate the speed 
is 1795/55=32,63 KB/s or 32,63*8=261 Kb/s to 479 Kb/s.  Mobile GIS uses both download and 
upload but when it is used for registering new data it is using upload. Upload is more time 
consuming because of slower rates and therefore a new scale is suggested for acceptable times for 
performing on-site upload operations with mobile GIS to be 30-55 seconds according to 5 times 
slower rates. This is also an answer to research question number 2. 

 

The first measurement approach is using this scale to compare the real measurements to the 
scale of acceptable times. The rural measurements were compared to the scale to see how many of 
them were within the acceptable time and how many were not. This measurement is a central point 
in this study since the waiting time for the mobile GIS user is one of the most important feature in 
this study. The “Septic tank map” uses a background map that comes from Microsoft Bing maps 
and two point layers that are downloaded from Microsoft SQL Server database. The second 
measurement approach was dealing with the comparing a download of the opening view of the map 
to the scale of acceptable times. The third measurement approach was to set up different 
background maps to see the download size and to estimate download time with different 
background maps. 

 

 

              

Table 2: Acceptable upload and download times
Operation Acceptable time
Upload 30-55 seconds
Download 6-11 seconds
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4. Results 
The “Septic tank map” was tested in locations in the surroundings of Gävle, Sweden according 

to the coverage map for Tele2 (Figure 2). The data was accumulated at the areas close to the city 
that have poor phone coverage. The actual points that were registered can be seen on Figure 3. The 
data that was collected was registered in a measurement data form (Table 4). 

 

The measurements locations were totally 21 but measurements for map loading were 7 due 
to interruptions in measurements for map loading. More measurements were done but they missed 
important parts and therefore they could not be used. More measurements would of course support 
the study in a better way but the workload of the study did not allow more measurements. The 
measurements were done from April 17 to May 9, 2015. The independent variable in this study is 
the speed measured in Kbit/s as it is the variable that changes from time to time or location to 
location. Dependent variable is the time-taken in seconds since the speed in Kbits/s affects the time 
and the constant is the data that is transferred referred to as bytes or KB.  The averages for bytes 
uploaded and downloaded, time-taken, Kbit/s and KB/s are listed in Table 3. The results show that 
average speed for independent variable in terms of Kbit/s is reaching 327.15 for upload and 384.94 
for download, which shows rather little difference between upload and download speeds. The 

Figure 3: Red dots show testing sites where measurements took place 
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averages for dependent variable (time-taken) are all within the acceptable times as listed in Table 3.  

 

 

4.1 Comparison of measured time and acceptable time  

The resulting data for operation 1 (uploading data with 3 images) shows that 10 measurements 
are taking longer time than 55 seconds and 11 are within 55 seconds. Nearly half of the upload 
operation took longer time than 55 seconds and 2 of them more than 110 seconds which is double 
the maximum acceptable time (Figure 4). Still the average is within acceptable time (Table 2). 
When looking at the speed of connection in upload the results show Kbit/s from 48,79  to 1630 and 
average of 327,15. If the data amount would have been 500 KB then all measurements except 3 
would be within acceptable time and an average upload time 30.21. When uploading 1000 KB the 
average upload time would be 60.42. 

When looking at operation 2 the case is different. All measurements are well within the 

Table 3: Averages for all measurements.  

Operations 
Bytes 

downloaded
Bytes 

uploaded 
Time taken 

(s) Kbit/s 

Uploading data w. 3 images 2802 759768 46,76 327,15

Uploading data without images 2805 2927 1,34 58,40

Downloading list of emptied septic tanks 139658 1103 6,65 366,47

Downloading list of notifications 70972 955 3,15 384,94

Opening a map* 49653 6862 9,36 63,05

Table 4: Measurements data form 

Test site no. 1     
Latitude 60.66765     
Longitude 16.92623     
Confidence (accuracy m) 5.0     
Service provider Tele 2     
Connection used 3G     

 

Register septic 
tank w. 3 
images (upload)

Register septic 
tank without 
images (upload)

Get list with 
emptied septic 
tanks 2014 
(download) 

Get list with 
notifications 
(download) Map opened 

Date 2015-04-17 2015-04-17 2015-04-17 2015-04-17 2015-04-17
Time 11:23:27 11:24:10 11:25:05 11:25:25 11:25:25
Method POST POST POST GET GET 

File executed rot_a_action.cfm rot_a_action.cfm
rot_lt_sv1_sel.cf
m rot_la_sv1.cfm Mapagent.fcgi 

User IP 77.218.255.67 77.218.255.67 77.218.255.67 77.218.255.67 77.218.255.67 
Bytes sent 2786 2786 139658 70874 50644
Bytes recieved 847342 2863 1340 964 5842
Time-taken (s) 21.84 0.639 2.714 0.514 4.624
      
Measured speed (Kb/s) 310.38 35.84 411.67 1103.10 87.62
Measured transfer (KB/s) 38.80 4.48 51.46 137.89 10.95
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acceptable time when only skipping to upload the images. The data amount tells the difference since 
average data amount for the data with three images is 759.768 bytes (760 KB) but the data amount 
without the images is 2.927 bytes (3 KB). That means the images count for 99.61% of the data that 
is transferred. The measured upload speed in Kbit/s is rather slow for uploading data without the 
images (58.40 Kbit/s average compared to 327.15 Kbit/s with 3 images). The time-taken is also 
rather short or from 0.14 to 7.25 seconds (Figure 5) and the data amount is little less than 3KB.    

 

Figure 4: Time taken for uploading data with three images in rural areas compared to 
acceptable time for upload 
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 Figure 5: Time taken for uploading data without images in rural areas compared to 
acceptable time for upload 
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Downloading a list of emptied septic tanks took an average time of 6.65 seconds and the 
download rate was 366.47 Kbit/s average. Average rate for downloading a list of notifications was 
similar or 384.94 Kbit/s. The list of emptied tanks is bigger in KB or 139,658 KB compared to 
71.97 KB for the notifications list. There were 4 measurements in the septic tank list that took 
longer time than acceptable time but 17 where within the acceptable time (Figure 6). All 
measurements except one took shorter time than the acceptable time in downloading the notification 
list (Figure 7). 

 

 

 
Figure 6: Time taken for downloading list of emptied septic tanks in rural areas compared 
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Figure 7: Time taken for downloading list of notifications in rural areas compared to 
acceptable time for download
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The average download time of the opening map in the “Septic tank map“ is 9.36 seconds 
and the average data amount is 49,653 bytes or around 50 KB (Figure 8). The average download 
time is within the acceptable time as listed in Table 2.  

 

 

 

The first research question in this study is “Can a real-time connected mobile GIS application 
such as the “Septic Tank Map” perform suggested actions within acceptable upload/download time 
when used in rural areas?” The suggested actions are operations 1-5 as listed on page 13 and they 
include both upload and download of data. The answer to this question is yes if you look at average 
numbers. There were several measurements that took longer than the acceptable time but the 
average is within in all suggested actions. All measurements can be seen in Appendix 1.  

4.2 Comparison of using vector based map instead of raster 

The background map which is raster based is downloaded from the server to the client. In the 
“Septic tank map” the opening background map is 49,653 bytes or close to 50 KB. The opening 
map consists of Microsoft Bing background map and septic tank layer that comes from MS SQL 
server database. The background map was changed to a vector layer map of 4 different layers. The 
vector layers are 2 polygon layers (coastline and water polygons), one point layer (cities) and one 
line layer (roads).  All layers are generalized to fit to the display in the opening map of the “Septic 
tank map”. The data amount when using the vector background layers is 395,567 bytes. That is 
close to eight times the size of the background map with Microsoft Bing map. If the vector based 
background map is downloaded at the same rate (7.88 KB/s) as the original background map then 

Figure 8: Time taken for downloading the opening map in the "Septic tank map" in rural 
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the time it takes to download it would be 395,6 KB/7.88 KB/s = 50,2 seconds. That would exceed 
the acceptable time for download (Table 2). 

4.3 General design guidelines     

Making general design guidelines for mobile GIS is a way to generalize the result of the study. 
Scientific question 3 asks: “By which factors or methods can the design of mobile GIS applications 
increase usability with the results of the analysis?”. This chapter is answering this question by the 
help of the study results and other sources. The guidelines are divided in two parts, uploading and 
downloading parts. 

4.3.1 Uploading 

As said before on page 17, when uploading 500 KB all measurements (except 3) for 
operation 1 (data with 3 images) would have been uploaded within acceptable time.  From the 
uploading perspective, you need to answer one important question (Table 5). 

 

If the answer is no then most data (less than 500KB) is likely to be uploaded within 
acceptable time given the average connection is close to 330 Kbit/s. If the answer is yes then there 
are a few workarounds in the following guidelines that might help in the process. 

- Pre uploaded data on device 
This method was used before Mobile GIS could connect to the internet. It could be an option 
if much data is expected to be registered (images, videos etc.). Then all data (background 
maps, map layers, attribute data) that is used is uploaded to the device before leaving for 
working on-site. The device stores all new data and the newly created data is uploaded to 
server when the device is plugged with a base computer in office. This method is used and 
described in Ye et al. (2014).  

- Device / app adaptation  
The programming of the mobile GIS in the form of app or application for smartphones and 
tablets could take into account the ability or strength of the current connection. If the current 
mobile coverage is low, the data would be stored on the device until the connection is better. 
Methods for workarounds in bandwidth issues are described in Mansourian et al. (2008) and 
Shi, Kwan, Shea, & Cao (2009). 

- Specific image size reduction 
Images do not necessary have to be large in KB or pixel size to show what they are expected 
to show. The most important feature of images is that they are reduced in size and 
compressed before the transmission takes place. The images in the “Septic tank map” are 

Table 5: Actions to different answer to the question "Is it necessary to upload 500 KB or 
more?"

Is it necessary to upload more than 500 KB? Action
NO No further actions required

YES Use the guidelines to enhance the application
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816x612 pixels and use 72 PPI. Average size of the uploaded images in the measurements is 
225.9 KB.  Images can be even smaller in size like 600x400 pixels which will reduce the 
data amount in each image. Compression can also be adjusted for the images so they are 
more compressed when they are transferred (Mora Pascual, Mora Mora, Fuster Guilló, & 
Azorín López, 2015). 

- Server optimizations 
Servers and the transferability in their network and gateway services can have effect on the 
transmission rate of data to and from the server. The location of the server has also effect on 
the latency of the transmission in the network (Chen, Xue, Shah, & Nahrstedt, 2004).  Better 
servers in better network environment will likely increase the transfer rate to upload and 
download data. The bottleneck in a mobile GIS in rural environment is anyhow likely to be 
further in the local connection than in the server end, but when all things are considered the 
server enhancement and its location can likely make improvement of the overall 
performance (Zakas, 2013). 

4.3.2 Downloading 

Downloading measurements were all within acceptable time when looked at averages. Still 
few exceptions are in the measurements and therefore optimizations can be considered. Map 
loading is one of the most important features in download and the map needs to be optimized so it is 
downloaded within acceptable time. General improvement features for download would include 
server optimizations as described above as that is one of the most important feature that can 
improve the overall performance in download. Map optimization for downloading involves 
reducing the map size in KB to a size that is possible to download within acceptable time.  

- Map service performance adjustments 
In addition to a general server optimization the map server software can be adjusted in several 
ways to perform better.  Performance can be enhanced by using the most suitable data formats. 
Data formats are different from web server type to web server type e.g. shape files or SDE 
layers work with ArcGIS server and SDF files work with MapGuide Open Source server. Use 
the data format that is the fastest for the map server you are using. Other performance issue 
might be scaling adjustments. In mobile and web based GIS there is a possibility to adjust the 
layer settings so that some layers are only visible from 1:20.000 to 1:10.000, others from 
1:10.000 to 1:100 and so on. This type of adjustments can help reducing the data that is 
transferred. It is also necessary to choose the layers carefully. Which layers are important for 
your mobile GIS. Show only the necessary layers. In background map optimization the choice 
stands generally between using vector or raster background maps. As described in the results 
the vector map combination is using 8 times more data and requires more time than using 
background tiled raster map coming from Bing map services. The background map must 
therefore be considered carefully. Best practices documents can be found for most web map 
server types like ESRI, (2009) and Autodesk, (n.d.). 
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5. Discussions 
GIS has developed from being a specialized desktop tool for experts to become a simpler 

mobile tool, which consists of simple and easy to use functions. Traditional GIS will still play a 
great role in the future since the design and the background of user-friendly GIS lies there. More 
complex GIS operation will also need the traditional GIS and experts for development. Mobile GIS 
as described in many studies show it first and foremost as a tool for data acquisition on-site. Mobile 
GIS will likely have its greatest role in two ways. Mobile GIS will without doubt have a great role 
as a data acquisition tool as it lies in the nature of it. It should be easy and straightforward to collect 
data on-site and register it to the central database with a mobile GIS. The other role for mobile GIS 
is its ability to use the location as a central point for all data, functions and relationships between 
features (Li & Brimicombe, 2013). These roles will of course require good wireless connections.  

The measurement method used in this study is described in Han et al. (2014) as a general way 
of measuring transfer speed.  The studies of Yao et al. (2008), Han et al. (2014) and Móczár & 
Molnár (2014) provide different methods in measuring bandwidth. Those papers have different 
aspects to the measurements as there are different reasons behind their studies as described on page 
12. In general there is no easy way of comparing measurements in these studies to the 
measurements in this study since the purpose is different. All the papers are in its own way 
describing methods of dealing with bandwidth measurements to the extent of their research.   

All results are compared to the scale of acceptable times as described in Table 2. The scale for 
download times is built on previous studies but since upload times were not studied, I came up with 
a reasonable scale that is five times the download time in seconds. The main arguments for 
extending it five times were that the upload times are in many cases five times slower than 
download times and I expect that you tolerate longer time better when you are uploading your data. 
If you cannot upload it now you will have to come back later and that will take more time than 
waiting up to 55 seconds to upload it. The scale is robust, fits well to the study results, and is a 
realistic perspective of upload time measurements. Of course the measurements are linked to 
specific data amount that is the case for the testing application. You could imagine another mobile 
GIS application that has the goal of uploading data up to the size of 4000 KB (4 MB). The 
uploading time for that kind of data would exceed the acceptable time when transferred with 
average rate in operation 1 as 4000 KB/40,89 KB/s = 97.82 seconds. Would there be an argument to 
say that 97,82 seconds is within acceptable time? According to the results of this study, this data is 
too big to transfer in rural areas and there are no arguments to create a scale for acceptable time to 
this extent. This application would most likely be using some other methods for uploading data like 
described in the general guidelines. 

The results in this study that covers measurements from on-site data collection with the “Septic 
tank map” using the mobile connections show that in average all operations were performed within 
acceptable time as described in Table 2. In general, the results show that a mobile GIS application 
like the “Septic tank map” can perform quite well in rural areas. Downloading has an overall good 
performance since almost all measurements are within the acceptable time. Map opening 
performance is also good and shows that the map combination in the “Septic tank map” is quite 
optimized for rural areas.   

Even upload performance is within acceptable time. Still some measurements lie outside the 
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acceptable time and in the case of uploading data with 3 images, 47.6% (10 of 21) of the 
measurements exceed the acceptable time. When transferring data without images all measurements 
are within acceptable time and generally all text data is easy to upload. In this application the 
images are the greatest amount of data that is uploaded. The stability of the connections in rural 
areas differs from transferring 48.8 Kbit/s to 1630.2 Kbit/s in operation 1, which is quite much 
difference. This study is not measuring stability but as other studies have concluded the 
measurements in specific location in one time has no significant correlation to measurements done 
at another time in same location. There is therefore no way to expect specific stability in one region 
or area from time to time (Yao et al., 2008).  The stability issue is apparent in the results when we 
see the highest average download rate as 384 Kbit/s and the highest average upload rate as 327 
Kbit/s. The difference is only few Kbit/s but generally, the upload speed should be much lower. The 
upload speed in operation 2 is lower or more than 6 times lower than the highest download speed, 
which is more according to what generally could be expected. When looking at specific 
measurements the highest single download rate is 1103 Kbit/s but the highest single upload rate is 
1630 Kbit/s, but generally upload rates should be slower. Stability in transfer speed is of course a 
great concern for mobile GIS in future prospects. 

Upload performance when transferring data in operation 2 (attribute data without images) is 
quite interesting since it shows much lower transfer rates compared to operation 1. The average data 
amount in operation 2 is only 2927 bytes or 2.9 KB and the average transfer rate is only 58.4 Kbit/s 
compared to 327 Kbit/s in operation 1. This can be caused by specific latency type. Propagation 
delay can be the reason for lower bit rates when sending small amount of data that requires shorter 
time and the propagation is therefore greater part relatively of shorter time than longer.  

General guidelines for mobile GIS application for use in rural areas are produced by the results 
of the study. The data amount of 500 KB is a set as a breaking point to find out if you have to 
follow these guidelines or not. Less data than 500 KB is considered to be uploaded within 
acceptable time in most cases according to the results. If you have to upload more data then there 
are few different methods provided to improve the performance of the application. The guidelines 
should help in any situation where mobile GIS application is made to transfer data in rural areas 
with low mobile coverage. This research has shown real mobile GIS functions and measured how 
they are performing in rural areas.  The robustness of the study with the help of the acceptable time 
scales is that it shows us how much data is transferable in uploading in this environment. From that 
point the guidelines are general for any application to be used in rural areas. As mentioned on page 
17 the average upload time for 1000 KB would exceed the acceptable time and therefore the data 
should be adjusted to be as close to 500 KB as possible.   

The measurements in this study were all collected in surroundings of Gävle in Sweden. The 
original intention was to collect data in Iceland too but that was not possible since volunteers were 
hard to get. There were few measurements done in Iceland by volunteers but they were missing 
important factors. Therefore no measurements were used from Iceland in this study. It would have 
been very interesting to compare difference between countries since e.g 4G connections are rarer in 
Iceland than in Sweden. However different results from different country would hardly affect the 
overall result that data amount close to 500 KB needs at least 330 Kbit/s connection to transfer the 
data within acceptable time.  
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The motivation for doing this study was to find out if a mobile GIS application like 
the ”Septic tank map“ is able to perform its main purpose of registering data in rural areas. The 
overall result is positive since all averages are within acceptable time. The guidelines given in 
Chapter 4.3 can also help to improve the upload and download processes so even better results than 
in measurements could be reached. For the “Septic tank map” the device adaptation would be the 
overall best way to improve the application. As the results show the application works well in poor 
connections but the most time consuming operation is the uploading of data with images. It would 
be a great improvement by using mobile GIS app which estimates the current connectivity and 
stores the data on the device if there is a limited connectivity. The app would then deliver the data 
to the server when the connection is better. This device adaptation works well for uploading but 
would not help in downloading. The “Septic tank map” is performing overall quite well in all 
downloading performances but the device adaptation would enhance the process of uploading. This 
method would have been great to program and test but there was limited time to create such an app 
to see difference from current situation.  
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6. Conclusions 
The aim of this study was to evaluate the performance of mobile GIS application in rural 

areas where low internet bandwidth is available. The research question: “Can a real-time connected 
mobile GIS application such as the “Septic Tank Map” perform suggested actions within acceptable 
upload/download time when used in rural areas?” is answered in a positive way when looking at 
average numbers. The question “What are acceptable times for uploading and downloading data 
with a mobile GIS application?” is answered with a new scale for acceptable upload time and 
acceptable download time as in previous studies. The study also answers the last research question 
“By which factors or methods can the design of mobile GIS applications increase usability with the 
results of the analysis?” with general guidelines for mobile GIS applications that will be used in 
rural areas. The breaking point for applying guidelines is if the application has to upload more data 
than 500 KB since less data than that, is considered to be possible to upload in rural areas within 
acceptable time with minimum speed of 330 Kbit/s which is the result of this study.  

Future studies in this field would need to focus on the acceptable time for upload and make 
some actual testing with different applications and more individuals for testing. The scale of 
acceptable time for upload is argued in this study to be between 30-55 seconds but further studies 
will either confirm that or make some changes.  Bandwidth in rural areas would need more 
scientific focus in future studies, either with or without mobile GIS. There are many bandwidth 
studies but few of them are focusing on the performance or stability of mobile connections in rural 
areas. Mobile GIS in rural areas also needs to be studied more with different applications that apply 
the general guidelines to see if they are performing as proposed.   
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Appendix 1 - Measurements 
In appendix 1 all measurement results are listed. In the table on page 30 the  id numbers (T1, T2, ..) 
locations (lat and lon) and ip numbers for every measurement are listed. In table on page 31 
measurements for operation 1 are listed with bytes sent, bytes recieved, time taken, Kbit/s and KB/s. 
The following pages are listing measurements for operation 2, 3 and 4 in a similar way.  

 

  

Date Lat Lon IP

T1 2015‐04‐17 60.66765 16.92623 77.218.255.67

T2 2015‐04‐17 60.66593 16.87796 77.218.255.67

T3 2015‐04‐20 60.57574 17.02634 77.218.246.226

T4 2015‐04‐20 60.56405 17.03426 77.218.246.226

T5 2015‐04‐20 60.77289 17.00236 77.218.246.226

T6 2015‐04‐20 60.76974 16.92522 77.218.246.226

T7 2015‐04‐27 60.66284 16.86861 77.218.240.175

T8 2015‐04‐27 60.57544 17.02633 77.218.240.175

T9 2015‐04‐26 60.57734 17.02385 77.218.244.110

T10 2015‐04‐26 60.57019 17.03506 77.218.244.110

T14 2015‐05‐06 60.66723 16.92707 77.218.244.247

T15 2015‐05‐06 60.67060 16.90825 77.218.244.247

T16 2015‐05‐06 60.66773 16.93801 77.218.244.247

T17 2015‐05‐06 60.66697 16.94391 77.218.244.247

T20 2015‐05‐06 60.66603 16.87816 77.218.244.243

T21 2015‐05‐06 60.66610 16.87786 77.218.244.243

T27 2015‐05‐09 60.66727 16.93775 77.218.243.7

T28 2015‐05‐09 60.66722 16.9341 77.218.243.7

T29 2015‐05‐09 60.66785 16.92551 77.218.243.7

T30 2015‐05‐09 60.6696 16.90886 77.218.243.7

T31 2015‐05‐09 60.66876 16.91999 77.218.243.7
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Measurements for operation 1. 

 

 

  

Bytes sent Bytes recieved Time taken (s) Kbit/s KB/s

T1 2786 847342 21.84 310.38 38.8

T2 2786 891009 71.06 100.31 12.54

T3 2786 673870 3.31 1630.17 203.77

T4 2786 801614 109.71 58.45 7.31

T5 2786 811552 15.24 425.98 53.25

T6 2786 806602 67.50 95.6 11.95

T7 2787 734163 18.38 319.62 39.95

T8 1774 773458 72.79 85.01 10.63

T9 2786 879564 16.57 424.73 53.09

T10 2786 709427 55.05 103.09 12.89

T14 2872 863057 79.79 86.53 10.82

T15 2872 797146 34.02 187.44 23.43

T16 2872 596468 12.28 388.67 48.58

T17 2872 705942 27.57 204.88 25.61

T20 2872 784433 60.69 103.40 12.92

T21 2872 720510 87.81 65.64 8.21

T27 2872 598402 12.85 372.43 46.55

T28 2872 590150 3.10 1521.01 190.13

T29 2872 851631 27.80 245.08 30.64

T30 3266 692012 113.47 48.79 6.10

T31 2872 826770 71.23 92.86 11.61
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Measurements for operation 2. 

 

 

  

Bytes sent Bytes recieved Time taken (s) Kbit/s KB/s

T1 2786 2863 0.639 35.84 4.48

T2 2786 2957 0.421 56.19 7.02

T3 2786 2939 3.307 68.55 8.57

T4 2786 2966 0.187 126.89 15.86

T5 2786 2966 0.265 89.54 11.19

T6 2786 2960 7.254 3.26 0.41

T7 2786 2973 1.076 22.1 2.76

T8

T9 2786 2830 0.202 112.08 14.01

T10 2786 2926 2.87 8.16 1.02

T14 2821 2925 0.686 34.11 4.26

T15 2821 2932 0.14 167.54 20.94

T16 2821 2922 1.56 14.98 1.87

T17 2821 2931 2.371 9.89 1.24

T20 2821 2913 1.380 16.89 2.11

T21 2821 2935 2.214 10.60 1.33

T27 2821 2923 1.11 21.03 2.63

T28 2821 2920 0.16 149.74 18.72

T29 2821 2921 0.42 55.51 6.94

T30 2821 2918 0.23 99.76 12.47

T31 2821 2925 0.36 65.36 8.17
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Measurements for operation 3. 

 

 

 

 

 

 

 

 

 

  

Bytes sent Bytes recieved Time taken (s) Kbit/s KB/s

T1 139658 1340 2.714 411.67 51.46

T2 139658 1340 30.482 36.65 4.58

T3 139658 1340 1.076 1038.35 129.79

T4 139658 1340 1.762 634.09 79.26

T5 139658 1340 2.527 442.13 55.27

T6 139658 1340 2.558 436.77 54.6

T7 139658 983 16.676 67 8.37

T8 139658 983

T9 139658 1289 1.17 954.93 119.37

T10 139658 1289 1.84 607.21 75.90

T14 139658 961 4.18 267.29 33.41

T15 139658 961 3.603 310.09 38.76

T16 139658 961 12.308 90.78 11.35

T17 139658 961 17.44 64.06 8.01

T20 139658 961 3.400 328.60 41.07

T21 139658 961 8.711 128.26 16.03

T27 139658 961 9.98 111.91 13.99

T28 139658 961 3.43 325.54 40.69

T29 139658 961 3.40 328.61 41.08

T30 139658 961 3.43 325.54 40.69

T31 139658 961 2.40 465.14 58.14
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Measurements for operation 4. 

 

  
Bytes sent Bytes recieved Time taken (s) Kbit/s KB/s

T1 70874 964 0.514 1103.10 137.89

T2 70874 964 19.188 29.55 3.69

T3 70874 964 1.216 466.28 58.28

T4 70874 964 1.232 460.22 57.53

T5 70874 964 0.842 673.39 84.17

T6 70874 964 1.076 526.94 65.87

T7 70874 964 8.377 67.68 8.46

T8 70874 975

T9 70874 913 0.53 1069.80 133.72

T10 70874 913 1.84 308.15 38.52

T14 71061 954 2.246 253.11 31.64

T15 71061 954 2.652 214.36 26.80

T16 71061 956 3.634 156.44 19.55

T17 71061 954 3.837 148.16 18.52

T20 71061 954 3.682 154.38 19.30

T21 71061 954 3.907 145.51 18.19

T27 71061 954 2.78 204.79 25.60

T28 71061 954 1.25 455.52 56.94

T29 71061 954 1.48 383.60 47.95

T30 71061 954 1.75 325.41 40.68

T31 71061 954 1.03 552.47 69.06
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Appendix 2 - Sample of W3C log file 
In appendix 2 a sample of the W3C log file is listed. The log file is created by the web server that is 
running the “Septic tank map“ application. The log file lists all traffic to and from the server and it 
lists items such as date, time, s-ip (server IP), cs-method (GET or POST), cs-uri-stem (the files that 
are processed by the server), c-ip (client IP), sc-bytes (server to client bytes), cs-bytes (client to 
server bytes) and time taken.  
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Appendix 3 - Upload form 
The upload form in the “Septic tank map” that was used to create new septic tanks in operation 1 
and 2 (in Icelandic).   

 

 

 


