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1 Intr oduction

The increasing complexity of our world, the pressure on natural resources, the degradation of the
environment ad the security of citizens require accurate maps to display a wide variety of
information. To meet these challenges, timely producegsnanade using highuality and
reliable informationare of importance to governments, companies and citiz@mgnteering

maps are good examples of standardized nvelpish meet these qualifications and wiierefore

be used as the focustbis study.

Humans have a need for knowledge about his/her environment. The earliest discovered maps are
from thousands of years agmade infrom times fom which not many other documents are
preserved whi ch proves the i mport ancuadingbasewavpeds. T
and nowadays topographical maps, which aim to depict a truthful picttive earth, are our best

information source of our surroundings.

The development of topographical maps is still an ongoing process as are the mapmaking
methods. Feld work is a prominent step in the making of any topographical map, but as
orienteering maps are of the most detailed widely used ntapsmportance of it cannot be

stressed too much.

Orienteering maps have traditionally beemade using aerial imaged,iDAR scanning
(Anonymous 2009¢)laser distance findergld orienteering maps and/or other topographical
maps as base mater{@entai 2008 Ake d al. 1989,Zentai 2009) With one or several dhese

as the foundation the mapmaker then does the field work in the terraipemitik 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 egsibn are costly and the fielark a

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

take up to two yeardBostrom 2005)

This studyincludes mappingf one flat urban area iRikku-Huopalahti,Helsinki, Finland and

another mountainouwsiral terrain in Taiti Hills, Kenya(Figure 1) The goal with theesearch is



to test the usability of the latesersion (10) of OCAD in fieldiork on a Global Positioning
System (later GPStonnected Tablet Personal Computer. The mapping software OCAD is used
for the production of the majority of orienteering maps in the w&htai 2008) Orienteering

maps are drawn witlstandardized sstof symbols, called ISOM (International Symbols for
Orienteering MapsjPersson 2000and 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 symbaois is able to orienteer in any terrain,
anywhere in the world.

Bpikku-Huopalahti

~ BiNgangao
Indian Ocean

Plate Carrée Projection <
Central Meridian: 0.00

Figure 1. The study areas are locateth 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 letitrszsn

also generalization hde be used to satisfy this adition. This study hagxaminedDilution of

Precision OOP) values from the GPS deviE order to decide iferrain features, buildings and

vegetation covedisturbthe GPSsignal Instead of@dious and costly aetiamage processing the



methods used in this stuahll rely on the GPS coordinates for spatial accuracy. Not only should

this shorten the orienteering mapmaking process, busgadicantly cut down the cost of it.

The expectatio that the GPS signal will be weak in deep valleys and in thick vege{@#onai
2009)will be tested By testing the usability of different GPSreceiversand OCAD in different
terrains and conditions, as wel at different locationsrothe globe the results of this study
should be comprehensividp until recently the accuracy achievediwaffordable GPS receivers
hasnot been sufficient for detailed mapping, but with recent technological advances the cost of

accurate receivers are low enougmtake on his method of mapmaking

The research question$this study are the following

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

2. Does the GP&connected Tablet P€ystemwork in all knds of mapping conditions?
3. Does the GPSconnected Tablet PC system work in all kinds of terrain conditions?

4. Is making orienteering maps using a GeSnnected Tablet PC systeime wiselyproductive

and/or more accurateompared to traditional n@ping methods?



2 Theoretical and methodological background

The theoretical and methodological backgrouegiards the history of mapmaking in Finland and
evaluates He positioning systems anbdow these may be used. A brief introduction of
orienteering maps 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 qamjogfhe 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 akates a challenge, since the amount of
data available is evencreasing. This change is recognized as both a technical and a social in
characte(Vuorela, Burnett & Kalliola 2002)

2.1 Jobal Navigation Satellite §stem

The Global Navigation Satellite Systei®NNS) includes signals from the US governmental
GPS,the Europearalileo, the RussiarGlonassthe ChineseCompass, the Indian IRNSS and

the Japanese QZRainio 2010) Only GPS and Glorsa are operating at present (2010), but the
increased signalevhen using these sid®y-side have not yet proved their streng{Poutanen
2009) The potentialgain with several satellite systernssthat yu may see more satellites at
once, which gives a better GD®#at in turnresults in a better accurady Finlandwe are so far

north that GINES receivers may pick up satellite signals from the other side of the polar circle
(Kaisti 2010) This should improve pasbn accuracy compared to thatthe lower latitudes, but
there are studieg?outanen 2009ejecting thistheory 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.



2.1.1 Global Positioning System

GPS consists of 24 operational satellites wiudtt earth at an altitude of 20 metersat 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 tohifeerenceof-arrival model utilizing orboard atomic

clocks and th precise position of the satellite to create continuously broadcasted navigation
messages. Eaclatgllite isrecognized by an individual code so the user on the ground may
monitormwh i ch sat el | it ang.8BasediogtheardceivedemessagesBRS ceediver

on earth calculates the position accurate to within a few mgdeiseff 2002)

GPS is a threefold: the satellites, a control network and the Tisercontrol network monitors

the state of the sdliées correcting possible clock errors, defining their orbits and updating the
transmitted informationT he satellites broadcast two differing signals, name@15¥542 MHz)

and L2(122760 MHz). Incorporated into both these signals is theoBe (Precison) and only

into L1 the C/Acode(Coarse Acquisition)which arebothused for navigationThe signals from

a minimum of four satellites are needed to determine an accurate pdsijare 2illustrates

how each satellite givemnareaof possible locabns on the surface of the earth and how the true
positionis narrowed down by increased number of satellifdé® locations of three satellites
defines the possible location as the dashed area, while the addition of the fourth satellite reduces
the possibe | ocations to two points, of which on
GPS is provided as a common good by the U.S. Government and is free faalluassand the

world (Poutanen 1998)

There areseveral factors that affect the positional accuracy of the-§&dttal. The C/Asignal is
available for civilians and is natince the year 200Being interrupted by the US government
(Poutanen 1998Before thisonly a weaker RRode which provided less accurate positioning was

available for civilians.
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Figure 2. A minimum of four satellites are needed for accurat&PS positioning-

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

the GPSreceivers. Adding to these are the errors produced by theckaaging ionosphere and
troposphere and the satellites” location to each other in the sky (satellite geometry). The satellite
signals donot 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 factor@d.eick cop. 2004.)In this case the same signal arrives to the
receiver at two different poistof time, thus representing two different positioBased on
Rouvinen Varjo & Korhonen(1999)the species ofrées, the legth of the trees, the widtbf

neither thetrees 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 Pqa@o@n

the biggest error factor however is the GPS data handler.



2.2 GPS receivers

As the popularity of GP8ise is eveincreasing also the variety of the eagrs available for
consumers igreater. There are a number of qualitigsich needs to be taken into account when
choosing an appropriate receiver for mapping purpogédsen choosing a GPS to use for
mapping one needs to focus on certain aspects when comgagispecs of various products.

The positional accuracy is irapart but the sensitivity i®ven more criticalor acquiring signals

in challenging conditiond?ositional accuracy #he evaluatiorof the proximity of the location of

the GPS locaton n r el ation to the tr Sessitiviyoederstoitten on
receives capabilities of acquirin@GPSsignals PDA devices are effortless to use in the terrain,

but the limited screen size brings some challenges, as mufbathation can be fit onto it.

Multipath rejection technology is important to digettiate from correct signals and reflected
signals, which is important when mapping nearby buildings and large &#tseives, which
picks yp both L1 and L2 GPS signals hawmereased positional accuracy, since the ionosphere
error is correctedPoutanen 2009) Correlation algorithms follow the signal and calculate if the
signal is largely off the normal pafPoutanen 1998)andonly the correctposition is savedin
order to achieve thisnproved accuragythe acquisition and navigational sensitivitiestbese

dud-band receivers are decreased.

GPS accuracy in the order of52neterswould be acceptable for orienteering map making. A 5
meter error in the terrain witbiintroduce 0.5 nlli metererror on a 1:1@00 mapi less than the
size of any of the point symbols and would be hardly noticelalereditation tests of the GPS
receivers was conducted in Pikkuopalahti to make sure the competency for orienteering

maping is adequatéStanoikovich, Rizos 2001)

By using a single GPS receiver one can at the moment at the best achieve aheter 5
positional accuracy through GPS, depending on the quality of the GPS redeviiiere are
always other error factors involved one might want to consider using an improved GPS signal in

order to reduce the raw positional accuraaoyracquired from the GPS.



2.2.1GPSChannels and Antenna

EachGPSchanneltracks the moements ofbone satelliteViitala 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 criticamponent in a GPS receiver. The latest silica component of the
GPS receiver module is not bigger than 10xdi0i metersand this seems to be the minimum
attainable size. The GPS signal strength is measured in dBHz, thieebgyger the number the
more signals the receiver picks up. There are two critical sensitivity measurements; acquisition
and navigatiorfKaisti 2010)

2.2.2 Multi-satellite-system usage requirements

Most GPS receprrs 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 engineralada®needs to be

extendedThis is due to a wider waveletgspan that needs to be trackidisti 2010)
2.2.3Acquisition and navigation sensitivity

The GPS satellites transmit signals, which are weakened as thethpaggh the atmosphere.

The acquisitionsensitivity is the minimum received signal strength that a receiver can work with
to initially acquire connection to the satellitdfe goal is to get as much information as possible

out from the antennand thus digh sensitivityfigure is desired. Acquisitionteengths in the area

of 54-55 dBHz areachievable with an open sky vieW.is expected that a wet deciduous forest
would weaken the signal b5 dBHz. At about 10 dBHz th&PSsignal is lostWith a smalle
sensitivityfigure you losesome information already in the signal you are receiviigrefore if

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

losingthe signal when conditionsock some of the sital (Kaisti 2010)



Navigation sensitivity is theninimum signaldBHz level the receivemneed in order tocontinue
navigating Since the receiver has already downloaded the ephemerides of the satellites it will not
need as high sigal power as during acquisitigiaisti 2010, Viitala 2009)

Cold start is the situation when the GPS receiver does not have time, satellites and ephemeris
informationreadilyavailablein it. This situation occurs when the GPS receiver has not been used

in a long time(Hurskainen 2005)For cold start a better signad needed than for thactual
navigation and the highehe cold start sensitty the easier it is to acquire satellite signals in

weak conditions.

Cold Startacquisitionis where newer receivers usually beat older versions, since they can pick
up weaker signals. Thegnal srength of-148dBHzis needed for the latest GPS reees/to be

able to perform a cold starin cold start the receiver needs to lock to time, satellites and
ephemeris. In a hot start the receiver knows time, satellite locations agbund positions
within a couple second&aisti 2010)

2.2.4DGPS

Differential GPS, also known as DGPS, uses a network of fixed, gfioaset reference stations
(Poutanen 2009)The accuratelymeasuredand knownbase station positionare usedfor
correcting the errors in the signals received from satellitbs. improvement of the acquired
positional accuracylepends on the conditions and on the size of the error in the uncorrected

signal

The most known Differential Correction Services in Fidlanar e t he Digita Oy
FOKUS service, the Finnish Maritime Administration (Merenkulkulaitos) base station service
and the Evo Forestry School DGBS r vi c e . Al l of t hedsvices.uThe | i z ¢
Evo DGPS signal is a post correctisewvice and therefore not usabile reattime mapping. The

FOKUS service provides redime correction, but is rather costly. These reference stations
provide accurate RTCMorrection data for all satellites at 7 degrees or more above the horizon.
This data seam is then broadcasted throughout the nation as a concealesigriaBthrough the

Radio Suomi radio frequencjAnonymous 2009a)For professional users the reliability and



nationwide accuracy of the FOKLE&rvice $ a clear advantage. For the purpose of this study
reattime DGPS would have been the only option, but was not used due to economical

restrictions.

2.2.5AGPS

Assisted GPJAGPS) utilizes a mobile network or other available network for transferring
navigdion information to the GPS/mobile phone receiver. The network based AGPS systems
have a significant time lapse, and can therefore not be used fameahapping. The Mobile
Station based systems could be used fortnes mapping application@iurskainen 2005)

2.2.60ther properties

The GPS receiver used for terrain mapping field work shouligbeveight, water resistant and
have a long battery life for practical reasdnsensure successful field worlk screen is not
needed on the GP®ceiver 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 $accessful 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
standardizederrain maps that are abundantly available the use of these mapsrimftdahs is
desirable. Theesultswill be availablein orienteering publications across the world in order to
educate interested orienteering enthusiasts whether the use of GPiSnie&ding 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 positins between features which tbhaenteer uses to navigate in anknown

terrain. The use afymbols is somewhat relative @m orieteering map, as for example 0.

meter high boulder may be drawn if is ilocated on an open field, while left out if lochie a
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rocky terrain in a dense forest. Both would still comply with the IS@krsson 200@r ISSOM

(Tveite, Gloor & Zentai 2006jnapping standardg.he general rule is that feature should be
included on the map if I t 0 s Absolute hesgkdifféerencemsa v i g
not significant, while the relative height difference is needed to make route choice dgékens

et al. 1989)

When mapping orienteering terraiasing traditional methodslata is gathered in the field onto a
piece of specially made transparent pajiBostrom 2005) Digitizing is a process wheneaper
basedspatid informationis processed to a formathich is usable on a comput&canning and
digitizing the information drawn onto this paper is a tedious prooesich involves a
considerable risk of errofgotheringham, 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 tharusemning paceUnless both of
these conditions aatisfied the final product is not of high quxl{Harrie, Weibel 2007)

2.3.1 Normal orienteering maps

The International Specification of Orienteering Map 2000 standardizes map language to ensure
that the map represttion isequal and understandalfleersson 2000)According to ISOMthe

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 isrimationally he most commonly used map scale

with a contour interval of meters
2.3.2 Sprint orienteering maps

The International Specification for Sprint Orienteeringpd (ISSOM) is based on ISQMut has
variations to fulfill the requirement of bejnusable in any kindfaerrain. Detailed raps of a
great variety of city centers, parks and forests may be made using ISE@dd. drawn in
ISSOM are in the scale of 1000 or 1:5000 with a contour interval of theters or 5 meters
(Tveite, Gloor & Zentai 2006)
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2.4 Previous studies orsubject

This subject has not been studied in detail in the past but in the following | present twq papers
which touch on therienteeringsubjectand two which involves topogramail GPS mapping.

Leung (2003) has found that GIS is useful for spatial datguisition from aerial images and
Digital Elevation Models (DEM). He did not however try to integrate GPS into the mapping
procedure, buaimed at doing most of the mapping withousitu data.

New Technologies in Making Orienteering Maps is a paper writtelndlsyl6 Zentai The paper
summarizes the development of someeent innovations t@rienteering mapping techniques
GPSin orienteeing mapping is mentioned Mew Technologies in Making Orienteering Magss
a usable new technique, but no research on the subject is accomplishbdwéeversuggested
that the use of GPS will save a minimum of 25% off the fieldwork time andhéatcuracy of
maps ismproved(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. Theoglevati
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 & @hl 2003)

HaavisteHyvarinen & 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 Developnent of orienteering maps

Since the first maps, made by the Egyptians 6000 years ago mapping techniques have evolved
towards more and more specific applications.
such as tax collecting, land divisions and roatlvork recognition. The terrain mapping methods
used by the Romanbés were used, which d&nly
century. At this time triangulation had entered the picture and boosted the production of maps.

Especially the militey 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"1®ntury there were maps which were accurate
enough for orienteering, but no maps were yet made particularly for orienteEnmgport of
orienteering evolved in Scandinavia as a part of military training sometime in the end of'the 19
century(Myrvold 2004) Orienteering, such as other sport, aims on giving all competitors an
equal chance to successick played a significant role in orienteeriagnd only by securing the

maps were of an acknowledged standard could the significance of luck be re#iutiesl 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 establ{dhechela 1995)Orienteering maps

differ from other kinds otopolaogical maps in that they are made solely for orienteerifige

book Suunnistuskarttakirgdke et al. 1989pives unambiguoudetails about all the procedures
taken in a traditionahapping procedure.
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3 Studied Areas,Datasets Sdtware and Hardware

3.1 Differing study areas

In order to get a completenderstanding of the usage of &ih orienteering mapping the study
needed @ compare how different conditions and environments affect the procetheetwo

study areas have significant variations in the location on the globe as well as in elevation and
terrain features. Ngangao is mostiyal while PikkuHuopalahti provided &hance 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 3 A 2 5 6 is Bcat8dguatZduih pf the Equatdhe total area of the
forest is 50 hectaresndit is situated between 1650 and 1950 meters above mean sed tevel.
large area of the foreand the deficient base material was a big challenge. This area was chosen
as study area in order to test the usability of GPS whewuedtetation cover is exdmely thick.

As seen in Figure the forest, which belongs tthe Mwarungu district, has slopes towards
different directions. GPS reception was expected to differ between the sibpdifferent

steepnesswhich presented anotheramreason for choosing Ngangao as study area.
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Figure 3. Portion of Survey of Kenya map 189/4 showing Ngangao foregjreen area inthe
Mwarungu district, in the northern part of the Taita Hills (Survey of Kenya 1991)
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3.1.2 Pikku-Huopalahti

Pikku-Huopalahti is a urbanneighborhoodin western Helsinki N 6 0 A1 2 6 . Ehe 2 4 A5
study area consists of a total @d5Lhectaresof which roughly half is built up areas and half
parklands andorest. The area has only a limited number of streets with regular car traffic on it
and is therefore suitable for sprint orienteerimgeite, Gloor & Zentai 2006)Pikku-Huopalahti

is a rather flat area with tHe@ghest point being 24 meters above mean sea level and the lowes
points at O ratersas a shallow bay, named Pikkluopalahti,of the Finnish Gulf cuténto the

southern part of the area.

Pikku-Huopalahti was chosen as study area as a representatiolyméa urban sprinterrain

area. The area includef a variety of differing buildings which vary in siaead shapebut all

provide a challenge for GPS recepti@mall patches of forest and larger parklands are scattered

all around the study area, ksihce the canopy cover in these are thin these were not expected to
disturb GPS reception. The large open parklands were expected to offer superb GPS reception.
There has not been any previous orienteering maps of-Pikkypalahti.

3.2 Datasets

| acquireda wide array of datasets from different sources for the study, as good quality base
material should be used whenever availablata mining is a crucial part of preparing for a
mapping process since higjuality data may considerablycut down the time ragred field

working.
3.2.1Remote sensing Data
Ngangao

Orthorectified airborne digital camera image mosaic 25.1.2004. Acquired by Petri Pellikka and
processed by Milla Lanne ugj EnsoMOSAIC in the University of Helsinki TAITA project
(Lanne 2007, Pellikka et al. 2009)he resolutionwas 0.5 metersand the projection hiversal

TransverséMercator zone 3%.
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A Land Cover Vector model iArcGIS shapefileformat of roads, rock, fields, pine forestas
acquired fromthe Orthorectified airborne digital camera image mosaic, fieenUniversity of
Helsinki, Department of Geograplayd Geosciencg®ellikka et al. 2009)This datawasin the
projectionUniversalTransverséercator, zone 37S, with OrBeterresolution.

A digital elevation mode(DEM) which was derivedfrom a 1:50,000 scale topographic map
made in 1989Panimetric resolutiorof product was 20netersinterpolated from 5@eet interval
contours DEM was acquired from the University of Helsinki, Department of Geography and
GeoscienceSurvey of Kenya 1991, Pellikka et al. 2004, Clark 2010)

Google Eartlsatellte image were usedor making the inserbbcalizationmap.The data is in the
WGS84, projected into Genedérspective. Resolution datasvaot available.

Pikku-Huopalahti

The information cards onelnchmark 0 T a gack o r k e u s k I90M1@08amd 99NM1e16
were acquired fronmthe UusimaaDistrict Survey Office.Benchmarks are accurately surveyed

points in the terrain, which are used as reference points for nearby detailed terrain mapping.

City of He | s i nKaupun@ia khavakariaaCity ofntHeginki,iThe Real Estate
DepartmentProjected into ETRS TMS35FI conform withthe WGS84 used in GRS

ClassifiedLIDAR datg in LAS format,of the majority of the study area was acquired from the
University of Helsinki Department of Geography and Geowms. Theelevation RMSE
accuracy of the data B8.15 meterson most surfacesThe LIDAR data is acquired from 2

kilometersand the footprinbf a single laser beam is max @gters{/Anonymous 2010b)

The @rid image which was used in the comparison of mappingthods,was acquired from

Karttakeskuslmage acquisition was done 4/2004 @ngossesses adim resalition.
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3.2.2 Skylot

During the planning of each days field work and during the actual field therSkypla function

of Trimble TerraSynavas used in order to evaluate the most feasible field working locations for
each time period. Th8kyplot window shown in Figuré demonstrates which of the numbered
satellites are visible to the current locati@n the top the total number of satellites from which
reception is gathered is shown, as well as the accuracy with the current satellite constellation. To
the left in the window the strength of the signal from each satellite is presented, while the figure
in the center demonstrates where on the sky the satellite is located. The bar to the right in the
window shows the @kitional Dilution of Precision (PDOP)visually, while the actual PDOP
number is shown on the bottom next to the coordinates and thei@ievat

85 L3 Cunirullar 3 |L3

Skywplaok | - 1%}4% }%{ []

r

33°57'30,.370" §3°22'51.254™N

222, 73m HAE PDOP: 2.42
GRS Sethings: Max PDOP = 99.0
Min Eleyvation = 5 Min SMR = 12.0

Figure 4. Skyplot function available in Trimble TerraSync.
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3.3 Software

OCAD is a CAD software specifically designed for mapping purposes and originally for the
making of orienteering maps. It is approved by the Internati@rienteering Federation, which
has a mapping committee to further develop and monitor current mapmaking pr&icestly

95% of orienteering maps around the wo¢Kkentai 2008)are produced using OCAD. The
versions of the software used in this project w@€@AD 10 Student and OCAD 10 Trial.

ArcGIS 9.3 is a widelyused GIS software made by ESRI. ArcGIS 8.&he world leading GIS
software and provides for excellent data analysis and processing.

GPSViewis a ®ftware which came along with the iBT747A+ GPS Data Logdérs software
gives information about the satellites6 | oca

which successful GR&apping may be planned.

Trimble TerraSynas the softwarghrough which Trimble GP&ceivers communicate to PCs. It
was used in Ngangao for planning fieldwork according to whendhditions were most suitable
and for monitoing the Height Dilution of PrecisiofHDOP) values and skyplowhile field

working. Theaerial image rectification poinis Ngangaowere recorded using TerraSync.

3.4Hardware
3.41 GPS Receivers

Trimble PathfinderProXT is a dual band receiver, which tracks signals from both L1 and L2 in
order to maximize position accuradgy using both I and L2 bands the ionosphere error is
corrected (Poutanen 2009)but in order to achieve this, the acquisition and navigational
sensitivities on this dudland receiver is decreaséfihile achieving a better paginal accuracy

it reduces the navigation semgity to about-145150dBHz This affects the chances of getting
reception in bad signal conditions. RTK receivers like this are idealized for positional accuracy,
not for sensitivity. Good positional accuyaand bad sensitivity do ndiowever always go hand

in hand(Kaisti 2010)
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Tri mbl e ds -réteiverXas thaBVVEREST multipath rejection technology incorporated.
This feature reduces the multipath signals, whichmigortant when mapping nearby buildings
and large cliffs. The redlme accuracy is informed to being below 1m and the weaght 053

kilograms(Anonymous 2009b)

Garmin GPSMAP60CSx is a handheld GPS receiver, whishsaid to be a higkensitivity
receiver (Anonymous 2010a)The navigation sensitivity of this receiver using a SIRFstar Il
microcontroller GPS chips -159dBHz(Chow 2009)

The Magellan eXplorist GR&-ceiver (Anonymous )was tested in NgangaoinSe the data
conversion into OCAD was unsuccessful it was not useful for thg.stud

TheiBT747A+ GPS Data Logger is a lightweight and small GPSiveteas shown in Figure,5
which uses either Bluetooth Technology or USB cable for data transferMTHKechipset is
reported to bépowerful and lean”, powerful because rated and perceseeditivityis on par
with SiRFstarlll and lean because the baty life of MTK based receivers was 3x that of
SiRFstarlll receivers.Sensitivities are informed to be: acquisitiel¥8dBHzand ravigation-
165dBHz TheiBT747A+ GPS Data Logger has 66 chanrf@disonymous )

3.42 Other hardware

Suunto t6c measures elevation based on the air pressure. Suunto t6¢c was used for acquiring

elevation data when GPS acquisitiarNgangao was not achieved.
3.4.7 Panasonic Toughbook

A Toughbook Tablet PC for field working in both study areas. tbleh screen Tablet PC with a
Windows XP operating system may be carried in a purpose designed harness in order to perform
ergonomicallyideal field working. Three regular PC batterie®re utilized in order to secure a
power source during long field woidkays. The Toughbook is wategsistant and designed for

field work and thus durable.
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Figure 5. The iBT747A+ GPS Data Logger connected to a Tablet PC showing OCAD as
used in field working.

3.4.8 Dell InspironE1405

Since the thlet PC (Panasonic Toughbook) does not provide an ergonomically ideal working
form when working on a deskused a Dell Inspiron E1405 in the initial data setup and toereat
the final layout of the produced mapl the software used in the study, weilsainstalled on

this laptop.
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4 Methods

The feld work was carried ouin OCAD usinga 1:1,000 scale with the final orienteering maps
being drawn inthe scale 1:®00 for Pikku-Huopalahtiand 1:10000 for Ngangao The @ntour
interval d the PikkuHuopabhti map is Zmand 5m for the ilier Ngangao terrain.

4.1GPS

The GPS position is skm on the screen in OCABs a crosshair and when a symbol is selected
the features in the terrain may be drawn automatically while traversing the terrain or draw the
surroundings while the crosshair indicates the position of the GPS receiver.

4.1.1 GPS Timetable.

Especially when working in mountainous terrain one needs to plan ahead when the polar sky plot
is feasible for GPS measurements and GPS signals are not bloshkied objectgPoutanen

1998) PDOP values gives the information needed for GPS accuracy.
4.12 Tablet PC connection

There are tablet PCwith builtin GPSreceivers but when using one of these the user maty n

pick the ideal placement of the GPS receivers and may thus be blocking some signals. Since
OCAD works only in Windows this study was restricted to a Windows Tablet PC, instead of a
specifically designed portable GPS device with a hnilscreen. The emection between the

Tablet PC and the GPS is through Bluetooth or a USB cable so the used GPS receiver needs to

have either of these capabilities.
4.1.3 Placement of GPSeceiver

The placement of the GPS receiver is critical as the human body blockssgprak Keeping
the GPS receiver on the belt wildl give an i
signals will be blocked by the human ba®4itala 2009)
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4.2 Preprocessing

Terrain mapping is always are convenient to perform during the dormant season, since the
visibility is better, but certain features needs to represent the terrain in the season the map will be
used on(Ake et al. 1989)Forests in which the rubdity changes between spring, summer and

fall, needs to be mapped according to the circumstances when the event on the map will take
place. Neither of thesemaps wereproducedfor a certain event, so the field work on Pikku
Huopalahti was completeduring the summer, which is the season during which the map will
most probably be mosised. The conditions in Ngangao do not significantly vary from one
season to the other and mapping was thus done at most convenient time for researcher, in

January.
4.2.1 Ngangao

ArcGIS was usedor pre-processing of the orthorectified airborne digital camera image mosaic of
Ngangao, the ArcGIS Land Cover Vector Model shapefilesadl, rock, field and pine forest.
These layers of differing land cover were originally acquirech the Ngangao aerial image. The

rock layer included all the bare rock features present in Ngangao forest. The imported road layer
included all roads from footpaths to wide dirt roads as one feature type. The imported pine layer
included pine forestwhich are distinctive from indigenous and cypress forest stands and

therefore this was converted to@B/1 symboldistinctvegetation boundargPersson 2000)

The first step for the road shapefile was performing Cliphendataset in order to separate the
data of study area. The road was selected by feature and the ArcMap Polygon Feature Class to

CAD Lines was applied. This data was then exported to OCAD in AfiléFormat.

The corresponding operators were applied lierdther shapefilfeatures and exported in .DXF
file format to OCAD The Metadata for thall exported featre layers are found in Appendices A
and B

The Ngangao.tif aerial image was imported into OCAD as a background image and
georeferencettased on th 11 ground control pointssing TerraSyncas shown in Appendi.

The points weraacquired in the teain using Trimble ProXTat such locations where the GPS
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signal was strongnd the point easily found on the aerial imaglee points are also scattered

across the teain in order to maximize the precisianross the whole area.

Trimble TerraSync was used in Ngangao for planning fieldwork according to wheattikte
conditions were most suitable and for monitoring the HDOP values and sky view vefdle fi

working.

The DEMwas derived from th&enya Topographical Bl of scalel: 50000. This datasetvas
importedinto OCAD after which 5meter contour lines with 25neterindex contou lines were

calculated.
4.2.2Pikku-Huopalahti

GpsView was used for seif up the connection between the iBT747A+ GPS Data Logger and
OCAD and to check the current sky view showing the locatiossteflites as shown in Figure 6

The window specifies the used connection on the top, followed by a list of details about the
satdlites, from which reception is available. The coordinates of the current location may also be
seen as well as PDOP, Altitude and some other details concerning the connection. The top right
half of the window displays the location of the tracked sateliitéke sky graphically, while the

bottom displayshe signal strength from each of the corresponding satellites.
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Figure 6. Skyview Status in GpsView software

LiDAR scanned elevation data was used for contour lines on mast¢ ¢fikkuHuopalahti map.

The work steps in ArcCatalog included creating a Geodatabase and Feature Dataset in it. The
tools used were LAS to Multipoint (Avg point spacing: 1, Input Class: 2, Any Returns), where
the laser signaJsvhich were reflected fromhe ground were selected. The next step was creating

a new terrain in the Feature Dataset (Approximate Point Spacing: 1, Default pyramid type,
Calculate pyramid propertigsThe terrain was used create a raster with the Tain to Raster

tool (Output Daa Type: FLOAT, Method: LINEAR, Sampling Distance: OBSERVATIONS 250,
Pyramid Level Resolution : 0). It was crucial to save this file in the Geodatabase. OCAD requires

ASCII | used the Raster to ASCII conversion tool to get the data into the importable. forma
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The work in OCAD was initiated by DEM Import to convert the data to the ocdDi6kMnat.

OCAD had to be closed and the ocdDEM reopened in order to be able to calculate contour lines
from it. The contour lines were mostly good, except for a couple bgddivhich had in LIDAR

been classified as ground. Some small otkeors, such as that in Figure Which were
discovered during the fieldwork were also corrected. If the mappable area consists of several
different DEMs they should be mosaicked togethefAicMap before importing to OCAD, since

the boarders otherwise include gaps in the DEM.

The City of Helsinki Cadastral map was imported into OCAD as a .DXF file. Lines depicting
different features were imported into separate layers, which made the sionvieto ISSOM
symbols simple. Some layers, such as water bodies could be converted directly, while the
definition of other terrain features in the Cadastral map did not match those of ISSOM. For
example fences had only one class in the Cadastral map W8OM separates between
passable and impassable fences. Since orienteering maps aim to depict the terrain according to
running possibilities and the Cadastral map is based on management and ownership the

difference is understandable.
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Figure 7. A LIiDAR error in the northeast corner of the parking lot, where the LIiDAR has
recorded a car as a knoll

4.3 Fieldwork
4.3.1 Ngangao

Garmin GPSMAPG60CSx was used for mapping trails in Ngangao by traversing the trails and
recording the péh. The Garmin GPSMAP60CSx picked up satellite signals well, but the
accuracy of the recorded path wagpar and not quitsufficient for the purpse of the study.

The recorded paths were convertedDCAD format butthese trailshad to be caectedduring

later field work sessions

The conour lines acquired by digitizing from the 1:50,000 topographical prawed to be
erroneousThe actual elevations in the DEM datasets were correct, but the geographical position
of the elevations were incorrect. éased the mapping process to have the correct contours on the

map, but every single contour was dragged to the correct location according to observations in
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the field. A comparison between the finalized contours on the orienteering map and the elevation
on the DEM is shown in Figur@

Figure 8. Comparison between orienteering map contours and DEM.
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