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 

Abstract: Spatial Analysis is often thought through the 

cartographic two dimensions of space, with eventually a 3D 

component and any form of data associated to it. This concept 

inherited from eras from data mapping on paper has been 

driving recent computational development in spatial analysis, 

however spatial analysis can free itself from this virtual plane, 

we human evolve on and use any space vertical, reversed, 

spherical, tubular to investigates all sorts of issues, like the 

production of timber from trees for instance. As Indonesia is a 

forestry nation, being able to effectively assess the usable 

amount of timber available. In the present contribution we 

aimed to show the loss that can be miscalculated using DBH 

traditional measurement, and to do so we used a photographic 

based Structure from Motion method combined with Wavelet 

Decomposition Analysis. The data shows that the DBH method is 

correct between 60 to 80%, when considering large-scale 

variations between DBH and SfM-obtained data, showing that 

the estimates for the timber industry could be improved, even 

without the use of expensive laser-based equipment. 

 

Keywords : Structure from Motion; Multiple-View-Stereo- 

photogrammetry; Photogrammetry; Geographical Information 

System; Tree stem measurement; Wavelet decomposition.  

I. INTRODUCTION 

ForT forestryT researchersT andT practitioners,T treeT 

stemT measurementT isT anT essentialT sourceT ofT 

proxiesT andT aT keyT componentT inT complexT 

analysis.T Notably,T stemT dataT hasT beenT usedT 

worldwideT inT allometricT relationshipsT fromT tropicalT 

environmentT (e.g.T FeldpauschT etT al.T 2011)T toT 

temperateT (e.g.T OsadaT 2012;T WangT etT al.T 2010;T 

ÖzerT etT al,T 2018)T andT borealT forestsT (e.g.T UrbanT 

etT al.T 2013).T TheT tree-stemT measuresT basedT dataT 

canT inT turnT beT usedT toT estimateT carbonT storageT 

(ChaveT etT al.T 2005)T orT toT acquireT stem’sT 

key-data,T traditionalT methodsT haveT beenT recentlyT 

completedT thanksT toT theT developmentT ofT remoteT 

sensingT andT laserT techniques.T ForT wide-areaT 

surveys,T satelliteT imageryT isT theT favouredT methodT 

toT deriveT differentT typesT ofT estimatesT (e.g.T 

GreenbergT etT al.T 2005),T butT atT aT smallerT scaleT 
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recentT advancesT inT laserT technologiesT provideT theT 

bestT resultsT usingT eitherT airborneT laser:T LiDART –T 

LightT DetectionT andT RangingT -T (EdsonT andT WingT 

2011)T orT theT ground-basedT equivalent:T TLST –T 

TerrestrialT LaserT ScannerT –T (HenningT andT RadtkeT 

2006;T KatoT etT al.T 2013),T eventuallyT enhancingT 

measurementsT takenT withT moreT traditionalT 

techniquesT (LiangT etT al.T 2014). 

AlthoughT bringingT anT unprecedentedT levelT ofT 

precision,T TLST andT LiDART areT stillT expensiveT 

techniquesT thatT requireT specialistT equipmentT andT 

importantT logistic.T AnT alternativeT method,T whichT 

providesT similarT levelT ofT accuracy,T isT SfM-MVST 

(Structure-from-MotionT andT Multiple-viewT 

Stereophotogrammetry).T SfM-MVST hasT recentlyT 

crossedT overT fromT computer-visionT engineeringT toT 

bio-geosciencesT (JamesT andT RobsonT 2012;T WestobyT 

etT al.T 2012;T GomezT 2012),T highlightingT theT 

possibilitiesT ofT numerousT photographicT platformsT 

rangingT fromT personalT digitalT camerasT (e.g.T 

FonstadT etT al.T 2013,T SaputraT etT al.T 2018)T toT 

aerialT photographsT usedT inT aT diachronicT mannerT 

forT theT 3DT reconstructionT ofT evolvingT 3D-scenesT 

(GomezT 2013,T GomezT etT al.T submitted).T AlthoughT 

mostT ofT theT researchT hasT mainlyT concernedT 

topographicalT features,T preliminaryT testsT ofT theT 

methodT onT differentT treesT haveT alsoT shownT itsT 

potentialT forT theT measurementT ofT entireT structuresT 

(MorgenrothT andT GomezT 2014;T MillaneiT etT al,T 

2016). 

SfM-MVST isT aT compoundT ofT twoT processes.T TheT 

firstT oneT (SfM)T consistsT inT theT reconstructionT ofT 

aT 3DT pointT cloudT basedT onT aT seriesT ofT 

overlappingT 2DT photographs,T aT commonT problemT 

inT computerT vision.T TheT specificityT ofT SfMT isT itsT 

abilityT toT simultaneouslyT estimateT theT 3DT 

geometryT ofT aT scene,T whileT itT alsoT determinesT 

theT poseT ofT theT camera.T TheT computationT ofT 

SfMT onlyT reliesT onT imageT correspondencesT (LoweT 

2004;T RanjbariT etT al,T 2015).T Therefore,T usingT 

solelyT overlappingT photographs,T theT algorithmT 

recognisesT objectsT intoT theT photographedT scene,T 

andT thenT performT calculationT basedT onT theT 

locationsT ofT theT identifiedT object.T TheT 

computationalT processT startsT withT (1)T theT retrievalT 

ofT theT positionT ofT eachT 

cameraT  
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(inT aT non-referencedT andT unscaledT 3DT space),T (2)T 

theT positioningT inT 3DT ofT theT identifiedT featuresT 

inT theT sceneT andT (3)T aT bundleT adjustment,T 

whichT improvesT theT relativeT positioningT ofT theT 

3D-pointsT (LourakisT andT ArgyrosT 2009).T ThisT 

resultsT inT aT 3DT constrainedT space,T butT withoutT aT 

scaleT relatedT toT theT realityT andT withoutT aT properT 

orientation.T ToT resolveT theseT twoT issues,T itT isT 

possibleT toT eitherT enterT positionT valuesT inT theT 

3DT scene,T takenT fromT tie-pointsT –T suchT asT 

recordedT DGPST pointT enteredT inT theT 3DT sceneT –T 

orT fromT GPS/DGPST dataT linkedT toT theT camera.T 

TheT GPST positionT ofT eachT photographT hasT theT 

advantageT ofT increasingT theT speedT ofT dataT 

processingT asT itT reducesT theT timeT necessaryT forT 

step-1T butT itT isT necessaryT toT useT aT high-qualityT 

GPST orT DGPST whenT workingT onT scenesT ofT 

smallT sizes.T TheT secondT stepT concernsT theT 

reconstructionT ofT aT 3DT meshT (verticesT andT 

polygons).T AlthoughT itT isT possibleT toT useT theT 

pointT cloudT createdT byT meansT ofT SfMT toT directlyT 

createT anT interpolatedT mesh,T MVST usesT traditionalT 

photogrammetricT techniqueT adaptedT toT multipleT 

photographsT toT calculateT aT higherT numberT ofT 3DT 

pointsT usingT theT pointsT calculatedT byT SfMT asT 

theT equivalentT ofT tie-points.T TheT bundleT ofT theT 

twoT techniquesT allowsT theT developmentT ofT 

multipleT photographsT photogrammetryT withoutT theT 

necessityT ofT havingT numerousT tie-pointsT inT theT 

field.T ThisT appearsT asT aT clearT advantageT forT 

workingT inT areasT thatT areT hardlyT accessibleT –T 

providingT thatT tie-pointsT canT beT collectedT inT 

accessibleT areas,T onT theT marginsT forT instance;T itT 

alsoT extendsT theT possibilitiesT ofT 3DT 

reconstructionsT forT areasT thatT haveT changedT andT 

forT whichT aerialT orT seriesT ofT overlappingT 

land-basedT photographsT exist.T HistoricalT 

photographs,T aerialT photographsT andT theT largeT 

amountT ofT photographsT takenT byT touristsT andT 

uploadedT overT theT InternetT areT anT eventualT 

sourceT ofT 3DT geomorphologicalT data,T whichT 

haven’tT beenT exploredT asT yet. 

II. RESEARCH METHOD 

The present contribution is based on the measure of 7 

sampled white oaks in Japan. The trees have been chosen 

because they are expensive pieces of timber and for which 

calculation errors in the available timber can modify the 

benefit margin of the producer. 

The method is based on the Structure from Motion method 

compared with manual “belt-based” measurement (Fig. 1). 

The data was collected using a commercial Canon SLR 

camera with a standard optic set on auto-focus, with 54 to 

138 frames per tree taken successively while rotating around 

the tree. In order to compare the results from SfM to the one 

given by the dial-belt located at breast height, height at which 

the photographs were taken. For processing, the data was 

transferred into a PC computing system running a 64bit 2 

GHz IE7 processor and 2 GB RAM. The data processing was 

conducted using the commercial software Photoscanpro 1.0 

created by Agisoft®, which, in a streamlined fashion, align 

the photographs, create a pointcloud and then a dense point 

cloud that was exported into Matlab. The point cloud located 

5 to 10 cm above the belt was then projected on a plane 

parallel to the measuring belt, in order to retrieve the 

circumference and shape of the trees. Using this dataset, 

measurements of tree diameter circumference and horizontal 

area were computed for each tree.  

Because, the interest of the present study in the tree-stem 

geometric variation is not concerned with the micro variation 

of the tree bark or any local overgrowth, the second step has 

been to extract from the row-SfM-morphometric data, a set of 

scaled information, that can show variations above or below 

given thresholds (Gomez 2018, Gomez 2012, Gomez et al. 

2017). To do so effectively and objectively, the data was thus 

filtered using wavelet decomposition, using the dmey 

(discrete meyer) wavelet set at 4 level, separating the original 

signal into a set of 4 different scaled data all representing the 

morphometric variations at a given scale, the most important 

one being “d1”, which includes variations at the several 10s 

of centimetre scale, and which would consequently have 

significant impacts on the timber volume. 

 

  
 

Figure. 1 Flow chart of the method from 2D photographs 

to 3D scale-filtered and decomposed results. 

Source: Gomez et al. 2019 
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Figure. 2 Decomposition of the radii data to extract the 

major variations and reduce the impacts of micro-variations 

due to the tree bark, source: Gomez et al. 2019 

III. RESULTS AND DISCUSSION 

The 7 white-oak tree-stems used in this study all range 

between ~168 to ~213 cm diameter according to the 

measuring belt, and from ~171 to ~220 cm according to the 

SfM method (Table. 1).  

 

Table 1: Derived attributes from the sample using SfM and 

a perfect circle defined by the belt 

Sam

ple 

Tree-c

ode 

Data 

Acquisiti

on 

Me

an 

radi

Stan

dard 

devia

min. 

radius 

ma

x. 

radi

Pe

r. 

(c

Are

a 

(cm

us tion 

of 

radiu

s 

us m) 2) 

1 

102 

Perfect 

circle   0 NA NA 

16

8 

224

5 

1 

102 SfM 

26.

76 0.5 25 28 

17

3 

225

0 

2 

104 

Perfect 

circle   0 NA NA 

21

3 

358

9 

2 

104 SfM 

33.

87 1 31 36 

22

0 

361

4 

3 

106 

Perfect 

circle   0 NA NA 

17

1 

230

9 

3 

106 SfM 

27.

08 1.4 24 31 

17

7 

229

5 

4 

108 

Perfect 

circle   0 NA NA 

17

7 

248

3 

4 

108 SfM 

27.

21 2 21 30 

17

4 

216

9 

5 

110 

Perfect 

circle   0 NA NA 

18

9 

283

3 

5 

110 SfM 

30.

05 0.9 27 32 

19

3 

283

3 

6 

114 

Perfect 

circle   0 NA NA 

19

5 

302

4 

6 

114 SfM 

31.

23 0.7 29 34 

20

3 

311

3 

7 

115 

Perfect 

circle   0 NA NA 

17

8 

252

6 

7 

115 SfM 

28.

08 1.8 23 35 

18

7 

240

7 

Source: Gomez et al. 2019 

 

The irregularity of the shapes of the tree-stem at breast 

height have been decomposed using 200 radii measurement 

with the very heart of the tree as the origin point of the radii 

(Fig. 3). The result shows contrast between areas of relative 

regularity, with a constant distance to the centre, varying less 

than half of a centimetre and bulge and overgrowth spot (Fig. 

3). This pattern as observed for tree 102, 104, 114 along a 

rotation angle of ~180° (i.e. half of the tree diameter was very 

regular) but not the second half. The other trees also present 

part of their perimeter with relative regularity, but they either 

slowly bulge or curve in. It is the case for tree 108, 110, and to 

a larger extend with tree 106 that present a very long-wave 

deep depression of ~3 cm (Fig. 3). The standard deviation of 

the diameter of the measured trees varies from 1 cm (tree 

102) to 4 cm (tree 108). The same results are conserved, even 

when the short variations have been denoised using the dmey 

level 3 wavelet decomposition: 0.8 cm for tree 102 and 3.89 

for tree 108. This result shows that an external measurement 

from a belt can only give an approximation of radii and 

diameter to a precision of 1-4 cm. 
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The variations of diameter between the belt method and 

the SfM (tab. 1) are difficult to compare and can’t be 

considered significant, as the tree bark can be considered as a 

fractal, introducing variations in the measured results 

depending on the scale used. For this reason, the authors 

have denoised the data from the short-range variations 

induced by the bark using wavelet decomposition as 

explained in the method (Fig. 4). The denoised data was 

aligned so that all the trees are oriented in the same direction, 

and interestingly all the trees seem to show a modification of 

the tree stem geometry in the same direction, it is therefore 

very likely that the location site play an important role in 

controlling the growth direction of the trees. 

 

 
Figure. 3 Calculated radii from 200 sample points on each 

tree stem at breast height, source: Gomez et al. 2019 

 

Extracted from the wavelet decomposition, the radii 

variations for all the tree-stem can be compared without the 

effects of the tree-bark rugosity (Fig. 4). It appears very 

clearly that the trees have all a perimeter governed for 65% to 

80% by a relatively regular shape, with a constant distance to 

the centre and a shorter part of the perimeter presenting 

strong irregularities. 

 

 
Figure. 4 Radii variations to the smallest calculated radius. 

 

 This graphic shows the high variability of the tree truncs 

that can vary up to a maximum of 10 cm. Rapid variations are 

unaccounted for by the belt system as the later doesn’t follow 

the small-range incurvation of the tree-stem., source: Gomez 

et al. 2019 

 

 

IV. CONCLUSION 

Structure from Motion is an appropriate and low-cost tool 

that can detect variations of tree stem shapes and provide 

data that cannot be accounted for by the DBH tape and 

measurement belts on trees. For the used sample, it was 

shown that the traditional method can account for 60% to 

80% of the available timber but consequently overestimate 

the existing timber by the corresponding 20 to 40%, which 

can have an important effect on economic projection. 

Because SfM is a very low-cost method, one should 

encourage its development in forestry. 
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