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1 Intr oduction 

The increasing complexity of our world, the pressure on natural resources, the degradation of the 

environment and the security of citizens require accurate maps to display a wide variety of 

information. To meet these challenges, timely produced maps made using high-quality and 

reliable information are of importance to governments, companies and citizens. Orienteering 

maps are good examples of standardized maps, which meet these qualifications and will therefore 

be used as the focus of this study. 

Humans have a need for knowledge about his/her environment. The earliest discovered maps are 

from thousands of years ago, made in from times from which not many other documents are 

preserved, which proves the importance of maps. The recording of oneôs surrounding has evolved 

and nowadays topographical maps, which aim to depict a truthful picture of the earth, are our best 

information source of our surroundings. 

The development of topographical maps is still an ongoing process as are the mapmaking 

methods. Field work is a prominent step in the making of any topographical map, but as 

orienteering maps are of the most detailed widely used maps, the importance of it cannot be 

stressed too much.  

Orienteering maps have traditionally been made using aerial images, LiDAR scanning 

(Anonymous 2009c), laser distance finders, old orienteering maps and/or other topographical 

maps as base material (Zentai 2008, Ake et al. 1989, Zentai 2009). With one or several of these 

as the foundation the mapmaker then does the field work in the terrain with pencils after which 

the material is combined by scanning and superimposing of the data on a Personal Computer 

(later PC). Aerial images and the following stereoscopic evaluation are costly and the fieldwork a 

tedious procedure so when using these traditional methods, the whole mapmaking process may 

take up to two years (Boström 2005). 

This study includes mapping of one flat urban area in Pikku-Huopalahti, Helsinki, Finland and 

another mountainous rural terrain in Taita Hills, Kenya (Figure 1). The goal with the research is 
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to test the usability of the latest version (10) of OCAD in fieldwork on a Global Positioning 

System (later GPS) -connected Tablet Personal Computer. The mapping software OCAD is used 

for the production of the majority of orienteering maps in the world (Zentai 2008). Orienteering 

maps are drawn with standardized sets of symbols, called ISOM (International Symbols for 

Orienteering Maps) (Persson 2000) and ISSOM (International Sprint Symbols for Orienteering 

Maps) (Tveite, Gloor & Zentai 2006). This assures that the symbols found on orienteering maps 

across the world are identical and by knowing the symbols, one is able to orienteer in any terrain, 

anywhere in the world. 

 

Figure 1. The study areas are located in differing locations on the globe. 

 

An orienteer has to be able to traverse the terrain based on the information gathered about the 

terrain from an orienteering map in running pace. Precision is therefore important but sometimes 

also generalization has to be used to satisfy this condition. This study has examined Dilution of 

Precision (DOP) values from the GPS devices in order to decide if terrain features, buildings and 

vegetation cover disturb the GPS-signal. Instead of tedious and costly aerial image processing the 
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methods used in this study will rely on the GPS coordinates for spatial accuracy. Not only should 

this shorten the orienteering mapmaking process, but also significantly cut down the cost of it.  

The expectation that the GPS signal will be weak in deep valleys and in thick vegetation (Zentai 

2009) will be tested. By testing the usability of a different GPS receivers and OCAD in different 

terrains and conditions, as well as at different locations on the globe the results of this study 

should be comprehensive. Up until recently the accuracy achieved with affordable GPS receivers 

has not been sufficient for detailed mapping, but with recent technological advances the cost of 

accurate receivers are low enough to make on this method of mapmaking. 

The research questions of this study are the following:  

1. What kind of a GPS receiver is sufficient for orienteering mapping? 

2. Does the GPS -connected Tablet PC system work in all kinds of mapping conditions?  

3. Does the GPS -connected Tablet PC system work in all kinds of terrain conditions?  

4. Is making orienteering maps using a GPS -connected Tablet PC system time wisely productive 

and/or more accurate compared to traditional mapping methods?  
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2 Theoretical and methodological background 

The theoretical and methodological background regards the history of mapmaking in Finland and 

evaluates the positioning systems and how these may be used. A brief introduction of 

orienteering maps is given and previous research papers on the subject are noticed. 

The history of mapping in Finland is quite glorious, with Finland being the first to launch a 

National Atlas as early as 1899. Since then Finnish mapmakers have been at the cutting edge of 

mapping development for example in usage of aerial images and the production of large scale 

topographic maps covering the entire country. Recent improvements in field work technologies 

and surveying have been noted to change the characteristics of cartography. The accuracy 

achieved by using global positioning systems is far greater than the methods used earlier, since 

even centimeter accuracies may be achieved. Digital geographic data may with the newly 

adopted methods be collected much faster which also creates a challenge, since the amount of 

data available is ever increasing. This change is recognized as both a technical and a social in 

character (Vuorela, Burnett & Kalliola 2002). 

2.1 Global Navigation Satellite System 

The Global Navigation Satellite System (GNNS) includes signals from the US governmental 

GPS, the European Galileo, the Russian Glonass, the Chinese Compass, the Indian IRNSS and 

the Japanese QZSS (Rainio 2010). Only GPS and Glonass are operating at present (2010), but the 

increased signals when using these side-by-side have not yet proved their strength (Poutanen 

2009). The potential gain with several satellite systems is that you may see more satellites at 

once, which gives a better GDOP that in turn results in a better accuracy. In Finland we are so far 

north that GNSS receivers may pick up satellite signals from the other side of the polar circle 

(Kaisti 2010). This should improve position accuracy compared to that in the lower latitudes, but 

there are studies (Poutanen 2009) rejecting this theory. According to Viitala (2009) GPS signals 

are not accurate enough for detailed mapping in Northern Finland. The Galileo system in 

operation should however bring changes to this.  
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2.1.1 Global Positioning System 

GPS consists of 24 operational satellites which orbit earth at an altitude of 20 000 meters at a 55 

degree orbital plane. One orbit takes 12 hours, so the same satellite flies over the same position 

on earth twice a day. GPS uses a time-difference-of-arrival model utilizing on-board atomic 

clocks and the precise position of the satellite to create continuously broadcasted navigation 

messages. Each satellite is recognized by an individual code so the user on the ground may 

monitor which satelliteôs signal he is receiving. Based on the received messages the GPS receiver 

on earth calculates the position accurate to within a few meters (McNeff 2002). 

GPS is a threefold: the satellites, a control network and the user. The control network monitors 

the state of the satellites correcting possible clock errors, defining their orbits and updating the 

transmitted information. The satellites broadcast two differing signals, named L1 (1575.42 MHz) 

and L2 (1227.60 MHz). Incorporated into both these signals is the P-code (Precision) and only 

into L1 the C/A-code (Coarse Acquisition), which are both used for navigation. The signals from 

a minimum of four satellites are needed to determine an accurate position. Figure 2 illustrates 

how each satellite gives an area of possible locations on the surface of the earth and how the true 

position is narrowed down by increased number of satellites. The locations of three satellites 

defines the possible location as the dashed area, while the addition of the fourth satellite reduces 

the possible locations to two points, of which only the other one is located on earthôs surface. 

GPS is provided as a common good by the U.S. Government and is free for users all around the 

world (Poutanen 1998). 

There are several factors that affect the positional accuracy of the GPS-signal. The C/A-signal is 

available for civilians and is not since the year 2000 being interrupted by the US government 

(Poutanen 1998). Before this only a weaker P-code which provided less accurate positioning was 

available for civilians.  
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Figure 2. A minimum of four satellites are needed for accurate GPS positioning- 

 

Factors reducing the positional accuracy are clock- and orbit -errors of the satellites and errors in 

the GPS-receivers. Adding to these are the errors produced by the ever-changing ionosphere and 

troposphere and the satellites´ location to each other in the sky (satellite geometry). The satellite 

signals do not permeate solid structures, such as trees, buildings and rock features, but reflects 

from them. These reflections are called multipath reflections and are considered one of the largest 

inaccuracy producing factors (Leick cop. 2004.). In this case the same signal arrives to the 

receiver at two different points of time, thus representing two different positions. Based on 

Rouvinen, Varjo & Korhonen (1999) the species of trees, the length of the trees, the width of 

neither the trees nor other tree characteristics significantly affect the spatial accuracy of GPS. 

This applies if one can acquire signals from at least four satellites. According to Poutanen (2009) 

the biggest error factor however is the GPS data handler. 
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2.2 GPS receivers 

As the popularity of GPS-use is ever-increasing also the variety of the receivers available for 

consumers is greater. There are a number of qualities, which needs to be taken into account when 

choosing an appropriate receiver for mapping purposes. When choosing a GPS to use for 

mapping one needs to focus on certain aspects when comparing the specs of various products. 

The positional accuracy is important but the sensitivity is even more critical for acquiring signals 

in challenging conditions. Positional accuracy is the evaluation of the proximity of the location of 

the GPS location in relation to the true position on earthôs surface. Sensitivity refers to the 

receiverôs capabilities of acquiring GPS signals. PDA devices are effortless to use in the terrain, 

but the limited screen size brings some challenges, as not all information can be fit onto it.  

Multipath rejection technology is important to differentiate from correct signals and reflected 

signals, which is important when mapping nearby buildings and large cliffs. Receivers, which 

picks up both L1 and L2 GPS signals have increased positional accuracy, since the ionosphere 

error is corrected (Poutanen 2009).  Correlation algorithms follow the signal and calculate if the 

signal is largely off the normal path (Poutanen 1998), and only the correct position is saved. In 

order to achieve this improved accuracy, the acquisition and navigational sensitivities on these 

dual-band receivers are decreased. 

GPS accuracy in the order of 2-5 meters would be acceptable for orienteering map making. A 5 

meter error in the terrain would introduce 0.5 milli meter error on a 1:10 000 map ï less than the 

size of any of the point symbols and would be hardly noticeable. Accreditation tests of the GPS 

receivers was conducted in Pikku-Huopalahti to make sure the competency for orienteering 

mapping is adequate (Stanoikovich, Rizos 2001).  

By using a single GPS receiver one can at the moment at the best achieve about 5 meter 

positional accuracy through GPS, depending on the quality of the GPS receiver. As there are 

always other error factors involved one might want to consider using an improved GPS signal in 

order to reduce the raw positional accuracy error acquired from the GPS.  
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2.2.1 GPS Channels and Antenna 

Each GPS channel tracks the movements of one satellite (Viitala 2009). By following a greater 

number of satellites in the sky the chance of picking up the most appropriate signals is increased. 

A low channel number is a limitation factor of some GPS receivers. 

The antenna is the most critical component in a GPS receiver. The latest silica component of the 

GPS receiver module is not bigger than 10x10 milli meters and this seems to be the minimum 

attainable size. The GPS signal strength is measured in dBHz, where the bigger the number the 

more signals the receiver picks up. There are two critical sensitivity measurements; acquisition 

and navigation (Kaisti 2010). 

2.2.2 Multi-satellite-system usage requirements 

Most GPS receivers currently on the market use only the GPS. The addition of the European 

Galileo and the Russian Glonass includes the use of a larger base pad, which can handle a higher 

electronic cycle. The needed radio is the same, but the search engine and correlators needs to be 

extended. This is due to a wider wavelength span that needs to be tracked (Kaisti 2010). 

2.2.3 Acquisition and navigation sensitivity 

The GPS satellites transmit signals, which are weakened as they pass through the atmosphere. 

The acquisition sensitivity is the minimum received signal strength that a receiver can work with 

to initially acquire connection to the satellites. The goal is to get as much information as possible 

out from the antenna and thus a high sensitivity figure is desired. Acquisition strengths in the area 

of 54-55 dBHz are achievable with an open sky view. It is expected that a wet deciduous forest 

would weaken the signal by -15 dBHz. At about 10 dBHz the GPS signal is lost. With a smaller 

sensitivity figure you lose some information already in the signal you are receiving. Therefore, if 

one starts out with a receiver which has a weaker acquisition sensitivity one has a higher risk of 

losing the signal when conditions block some of the signal (Kaisti 2010). 
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Navigation sensitivity is the minimum signal dBHz level the receiver needs in order to continue 

navigating. Since the receiver has already downloaded the ephemerides of the satellites it will not 

need as high signal power as during acquisition (Kaisti 2010, Viitala 2009). 

Cold start is the situation when the GPS receiver does not have time, satellites and ephemeris 

information readily available in it. This situation occurs when the GPS receiver has not been used 

in a long time (Hurskainen 2005). For cold start a better signal is needed than for the actual 

navigation and the higher the cold start sensitivity the easier it is to acquire satellite signals in 

weak conditions.  

Cold Start acquisition is where newer receivers usually beat older versions, since they can pick 

up weaker signals. The signal strength of -148dBHz is needed for the latest GPS receivers to be 

able to perform a cold start. In cold start the receiver needs to lock to time, satellites and 

ephemeris. In a hot start the receiver knows time, satellite locations and on-ground positions 

within a couple seconds (Kaisti 2010). 

2.2.4 DGPS 

Differential GPS, also known as DGPS, uses a network of fixed, ground-based reference stations 

(Poutanen 2009). The accurately measured and known base station positions are used for 

correcting the errors in the signals received from satellites. The improvement of the acquired 

positional accuracy depends on the conditions and on the size of the error in the uncorrected 

signal. 

The most known Differential Correction Services in Finland are the Digita Oy/Indagon Oyôs  

FOKUS-service, the Finnish Maritime Administration (Merenkulkulaitos) base station service 

and the Evo Forestry School DGPS-service. All of these utilize Trimbleôs DGPS-devices. The 

Evo DGPS signal is a post correction service and therefore not usable in real-time mapping. The 

FOKUS-service provides real-time correction, but is rather costly. These reference stations 

provide accurate RTCM-correction data for all satellites at 7 degrees or more above the horizon. 

This data stream is then broadcasted throughout the nation as a concealed RDS-signal through the 

Radio Suomi radio frequency (Anonymous 2009a). For professional users the reliability and 
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nationwide accuracy of the FOKUS-service is a clear advantage. For the purpose of this study 

real-time DGPS would have been the only option, but was not used due to economical 

restrictions.  

2.2.5 AGPS 

Assisted GPS (AGPS) utilizes a mobile network or other available network for transferring 

navigation information to the GPS/mobile phone receiver. The network based AGPS systems 

have a significant time lapse, and can therefore not be used for real-time mapping. The Mobile 

Station based systems could be used for real-time mapping applications (Hurskainen 2005). 

2.2.6 Other properties 

The GPS receiver used for terrain mapping field work should be lightweight, water resistant and 

have a long battery life for practical reasons to ensure successful field work. A screen is not 

needed on the GPS-receiver if the device is connected to a laptop and the absence of a screen will 

provide for extended battery life. Unobstructed online data transfer either through Bluetooth or 

appropriate cable is of utter importance for successful Tablet GPS field working.  

2.3 Orienteering maps 

Orienteering maps are detailed topographical maps, which primary use is to give an orienteer an 

equal chance to navigate in an unknown terrain. Since these maps are the most detailed 

standardized terrain maps that are abundantly available the use of these maps in other affairs is 

desirable. The results will be available in orienteering publications across the world in order to 

educate interested orienteering enthusiasts whether the use of GPS in Orienteering Mapping is 

practical or not. 

Only magnetic north lines are shown on an orienteering map. Another point which differentiates 

orienteering maps from topographical maps is the fact that absolute positions are not demanded, 

but only relative positions between features which the orienteer uses to navigate in an unknown 

terrain. The use of symbols is somewhat relative on an orienteering map, as for example a 0.3 

meter high boulder may be drawn if it is located on an open field, while left out if located in a 
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rocky terrain in a dense forest. Both would still comply with the ISOM (Persson 2000) or ISSOM 

(Tveite, Gloor & Zentai 2006) mapping standards. The general rule is that a feature should be 

included on the map if itôs of use in navigation through that area. Absolute height difference is 

not significant, while the relative height difference is needed to make route choice decisions (Ake 

et al. 1989). 

When mapping orienteering terrains using traditional methods, data is gathered in the field onto a 

piece of specially made transparent paper (Boström 2005). Digitizing is a process where paper 

based spatial information is processed to a format, which is usable on a computer. Scanning and 

digitizing the information drawn onto this paper is a tedious process, which involves a 

considerable risk of errors (Fotheringham, Brunsdon & Charlton 2000).  

Every map is a generalization of the truth, but even though the map must represent the truth of 

the physical reality. The map must also be readable by the user in running pace. Unless both of 

these conditions are satisfied the final product is not of high quality (Harrie, Weibel 2007). 

2.3.1 Normal orienteering maps 

The International Specification of Orienteering Map 2000 standardizes map language to ensure 

that the map representation is equal and understandable (Persson 2000). According to ISOM, the 

scale of an orienteering map should be 1:10,000 or 1:15,000, depending on the course distance 

and the character of the terrain. 1:10,000 is internationally the most commonly used map scale 

with a contour interval of 5 meters.  

2.3.2 Sprint orienteering maps 

The International Specification for Sprint Orienteering Maps (ISSOM) is based on ISOM, but has 

variations to fulfill the requirement of being usable in any kind of terrain. Detailed maps of a 

great variety of city centers, parks and forests may be made using ISSOM. Maps drawn in 

ISSOM are in the scale of 1:4,000 or 1:5,000 with a contour interval of 2 meters or 2.5 meters 

(Tveite, Gloor & Zentai 2006). 
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2.4 Previous studies on subject 

This subject has not been studied in detail in the past but in the following I present two papers, 

which touch on the orienteering subject and two which involves topographical GPS mapping. 

Leung (2003) has found that GIS is useful for spatial data-acquisition from aerial images and 

Digital Elevation Models (DEM). He did not however try to integrate GPS into the mapping 

procedure, but aimed at doing most of the mapping without in-situ data. 

New Technologies in Making Orienteering Maps is a paper written by László Zentai. The paper 

summarizes the development of some recent innovations to orienteering mapping techniques. 

GPS in orienteering mapping is mentioned in New Technologies in Making Orienteering Maps as 

a usable new technique, but no research on the subject is accomplished. It is however suggested 

that the use of GPS will save a minimum of 25% off the fieldwork time and that the accuracy of 

maps is improved (Zentai 2008). 

Schmidt compared an RTK GPS receiver and a DGPS receiver for mapping topographical 

features with the goal being improving the management of agricultural inputs. The elevation 

relief of the study areas was within 4 meters of altitude, but according to this study the used 

devices were successful in recording the topographic features which were agronomically 

important (Schmidt, Taylor & Gehl 2003). 

Haavisto-Hyvärinen & Kutvonen (2007) has noted that the usage of GPS in the fieldwork of 

geological maps has both made the mapping more effective and the gathered data more accurate. 

2.5 Development of orienteering maps 

Since the first maps, made by the Egyptians 6000 years ago mapping techniques have evolved 

towards more and more specific applications. Romanôs mapped large areas for practical needs, 

such as tax collecting, land divisions and road network recognition. The terrain mapping methods 

used by the Romanôs were used, which only slight improvements, until the end of the 18
th
 

century. At this time triangulation had entered the picture and boosted the production of maps. 

Especially the military produced a large amount of maps, which were usually in the scale 
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1:100,000 or 1:50,000. At the end of the 19
th
 century there were maps which were accurate 

enough for orienteering, but no maps were yet made particularly for orienteering. The sport of 

orienteering evolved in Scandinavia as a part of military training sometime in the end of the 19
th
 

century (Myrvold 2004). Orienteering, such as other sport, aims on giving all competitors an 

equal chance to success. Luck played a significant role in orienteering and only by securing the 

maps were of an acknowledged standard could the significance of luck be reduced. At the start 

maps made especially for orienteering, were of the same scale as the used base material, 

1:20,000. The Finnish base map was at the time the International Orienteering Federation was 

founded, in 1961, the best available terrain map and was thus used as a model when the 

international standards for orienteering maps was established (Niemelä 1995). Orienteering maps 

differ from other kinds of topological maps in that they are made solely for orienteering.  The 

book Suunnistuskarttakirja (Ake et al. 1989) gives unambiguous details about all the procedures 

taken in a traditional mapping procedure.   
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3 Studied Areas, Datasets, Software and Hardware 

3.1 Differing study areas 

In order to get a complete understanding of the usage of GPS in orienteering mapping the study 

needed to compare how different conditions and environments affect the procedure. The two 

study areas have significant variations in the location on the globe as well as in elevation and 

terrain features. Ngangao is mostly rural, while Pikku-Huopalahti provided a chance to test the 

usability of GPS in urban areas. 

3.1.1 Ngangao 

This majorly indigenous forest around the highest point of an isolated mountainous area in 

southwestern Kenya (S 3Á25ô E 38Á20ô) is located just south of the Equator. The total area of the 

forest is 150 hectares and it is situated between 1650 and 1950 meters above mean sea level. The 

large area of the forest and the deficient base material was a big challenge. This area was chosen 

as study area in order to test the usability of GPS when the vegetation cover is extremely thick. 

As seen in Figure 3 the forest, which belongs to the Mwarungu district, has slopes towards 

different directions. GPS reception was expected to differ between the slopes of different 

steepness, which presented another good reason for choosing Ngangao as study area. 
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Figure 3. Portion of Survey of Kenya map 189/4 showing Ngangao forest, green area in the 

Mwarungu district , in the northern part of the Taita Hills  (Survey of Kenya 1991). 

 

 

 




























































































