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ÅObjectiveof the studywasto createan automatedmethodfor generatingstand
delineationand strip roadsbasedon position measurementsof a harvester. 

ÅThedata containedoperativeharvestingobjects(Nobjects= 455) from a laser 
inventoryareain Southern Finland.

ÅThedevelopedmethodis a multi-stageentity, whichseparatesstandsfrom
externalstrip roadsleadingto them, producesstanddelineations, handles
adjacent, intersectingstandsand providesstrip roadnetworksat the stands. 

ÅTheresultsaregoodbasedon visualinspectionςa moredetailedcomparison
with referencestanddelineationsand referencestandstrip roadswill be
publishedlater. 

ÅThestanddelineationmethodcanbe usedin operativeupdatingof the forest
inventory. Thestandstrip roadscanbe usedin to estimatethe qualityof 
harvesting.

Summary
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ÅTheobjectiveof this studywasto createan automatedprocessingmethodfor 
harvesterdata, whichcanbe usedin updatingof forest inventorydata. The
methodaimedto cover 

formation of unambiguousstandsfrom the object informationand locationdata,

recognitionand separationof externalstrip roadsleadingto stands, 

delineationof standsby formingthe standpolygons, 

handlingthe adjacent, intersectingstandsto obtainsolidstandboundaries, and 

createa strip roadnetwork for standsto estimatethe total length, areaand average
spacingof strip roads.

ÅThestudywasbasedon the followingdata:
Locationof harvesterduringtree cut (from harvester)

Object identifiersand startingtime of harvest(from harvester)

Cuttingtype (from forest companies)

Objective
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ÅThedata wascollectedfrom six
harvestersfrom onelaser inventory
areaof Finnishforestcenter, 
coveringthe capital region. It 
containedoperativeharvesting
objects(Nobjects=455), and was
collectedduring8/2015-9/2016.

ÅThecutting typesand size
distributionof the objectsare
presentedin the nextslide. 

Data
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Basemap© National landsurveyof Finland 2018, Delineationof inventoryarea© Finnishforest center 2016
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Thesizedistribution of harvestedobjects(Nobjects=455)

Nobjects= 377  
(> 0,5 ha)

Harvestedstems,  Nstems= 634656
Harvestedobjects, Nobjects= 455

Objects > 0,5 hectares
Nobjects= 377

Obs!  Specialcuttingsincludesalso
changeof landuseand cuttingof 
windblowntimber.  
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Automatedstanddelineation

AlgorithmI

1) Recognitionof externalstrip
roadsleadingto stands

2) Recognitionof spurtrails
3) Formationof standsand 

standID generation

Data collection 
at harvester, 

preprocessing 
(STM, HPR) and 
object-wise ID 

generation

Transferinto 
GIS program

and projection
of coordinates
from WGS84 

to ETRS 
FIN35TM   

Separation of 
stands and 

external strip 
roads, and stand-
wise ID generation 

(algorithm I)

Stand 
delineation

(algorithm II)

Updating 
stand 

delineations 
for 

intersecting 
stands 

(algorithm III)

Final stand 
delineation 

and 
calculation 
of stand 

areas 

AlgorithmII

1) Delaunayςtriangulationand 
selectionof standarea

2) Bufferingof stands

AlgorithmIII

1) Recognitionof intersecting
stands

2) Splittingand dividingof 
intersectionsbetweenthe
stands

3) Fillingand mergingof small
emptyslotsinto stands
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Finalization

1) Inclusionof strip road
treesinto intersecting
stands

2) Bufferingof external
strip roads

3) Calculationof areasfor 
standsand for external
strip roads



Preprocessingof data
ÅTheharvesterdata waspreprocessedfor the automatedstanddelineation

process
TheSTM fileswere extractedinto a databaseusingaŜǘǎŅǘŜƘƻΩǎextractionprograms

Cuttingtype data wascollectedseparately, unifiedand manuallyaddedto the
objects. In the future, the HPR file is expectedto containthe cutting type
information. Theautomatedmethod requires, that the object hasonecutting type.

Duringpreprocessing, uniquelabelsareproduced: object-wiseέObjectIDέ ŀƴŘ stem-
wiseέStemNumberέ 
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Object information: 

ÅIdentifiers

ÅStartingtime

ÅCuttingtype

Preprocessedsteminformation to automated standdelineation: 
ÅIdentifiers
ÅStemcoordinates
ÅStartingtime
ÅCuttingtype

ÅObjectID

ÅStemNumber

Theseparametersareusedin 
further processto identify uniquely
the objectsand the stems

Theseareassumedto be
homogeneouswithin oneobject



ÅThetreesare labeledto belong
to either the standsor external
strip roadsbasedon their
location, resultingthe stand-
wisetree groups

ÅThespurtrailsarerecognized, 
and addedinto the stand-wise
tree groups

ÅThecutted areas(preliminary
stands) are inspectedif they
containdifferent, but almost
similarobject identifiers

Algorithm I ςseparationof standsand externalstrip roads
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ÅThestartingpoint for standdelineation
is the point data of stand-wisetree
group, resultingfrom algorithmI 

ÅTheset of tree locationsaretriangulated
usingthe Delaunaymethod

Thetree locationscloseenoughto each
other areselectedbasedon the
triangulation

Å! έrawǾŜǊǎƛƻƴέ ƻŦ the standis formed
from the selectedtriangles, and then
bufferedoutwards

Theboomreachescertainlengthaway
from the machine
Using 6.5m buffer distance

Ҧ Thepolygonrepresentingthe harvested
standis obtained

Algorithm II ςfrom tree groupto stand
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Sometimesa holeappearsin the stand, corresponding
to non-harvestedareasovercertainsize.  



Algorithm III ςintersectingstandpolygons

ÅThestartingpoint is the stand
delineationsfrom algorithmII

ÅSometimesthe standpolygonsintersect
with adjacentstandpolygons, formingan 
intersectingzone

GNSS inaccuracymayhavedisplacedsome 
trees, or the harvestermayhavecutted
some treesfrom other stand
Roughly20% of standsintersectingin this
dataset

ÅTheintersectingzoneis split and divided
for the stands

New standboundaryis createdinto the
middleof the zone
Ҧ aƻǊŜ accurateareafor the stands

ÅThesmallemptyslotsbetweenstands
(lessthan1000m2) areremovedby
dividingthem for the stands. 

Ҧ Solidstandboundariesfor both stands
areobtained
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Finalizationςexternalstrip roadsand final stand
delineation

ÅThestartingpoint for finalization:
Treesbelongingto externalstrip roadsfrom algorithmI
Thesolidstanddelineationsfrom algorithmIII

ÅIn this dataset, some of the treesbelongingto external
strip roadsarelocatedwithin some other stand. Then
thosetreesaretransferredto thatǎǘŀƴŘΩǎcutted tree data 
(cuttingremoval).

ÅTheexternalstrip roadtreesaremergedinto strip road
partsand basedon their tree density, the delineationsand 
areasof the strip roadpartsaredetermined.

Smallerareais assignedfor sparsestrip roads
Thedensestrip roadscanbe either standsof onestrip
road, or merelydenseexternalstrip roads

Ҧ Finalizedstandand strip roaddelineationsareobtained

ÅIf the methodis appliedto updateforest inventorydata, all
the externalstrip roadswill be locatedwithin some other
stand. In that case it is possibleto updatethe grid-level
forest inventorydata with the delineationsof strip roads.  
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Theharvestedstand= standdelineationand the treescuttedfrom the stand


