J TTBM; 1?2 ?2B;?1 Q7 ?22i2 Q;2M2Qmb p2;2i
|l o@#Q M2 pBbB#H2 BK ;2b M/ .al
CmHB2ii2 : " BK H/B-6 >2H2M-*? "HQIii2 S2HH2iB2 - ¢
>Qm2i

hQ +Bi2 i?Bb p2 ' bBQM,

CmHB2ii2 :'BK H/B- 6 >2H2M- *? "HQii2 S2HH2iB2 - 0BM+2Mi "mbiBHH
Q7 ?22i2°Q;2M2Qmb p2;2i iBOQM 7°QK | 0@#Q M2 pBbB#H2 BK ;2b M/ .a
7Q°2bi"v-J v kyRN- JQMiT2HHB2 - 6" M+2X ? Hb?b@ykRNRedd

> G A/, 2 Hb?b@ykRNRedd
21iTb,ff? Hb?bX "+?2Bp2b@Qmp2 i2bX7°f? Hb?b@
am#KBii2/ QM kj CmH kyRN

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X


https://halshs.archives-ouvertes.fr/halshs-02191677
https://hal.archives-ouvertes.fr

ResearchGate

8JJ INXHZXBKYX SKXS IXFZ KN DQWXYHUN KYWZ GO X WXHWMLY SYIU Z GROYNNH S

ObSSLQJ WKH KHLJKW RI KHWHURJHQHRXV YHJHWDWLRQ
LPDJHYVY DQG '60

5TXYW 2F 7
4. 7,

(.®9.438 7+8&)8

FZYMTWSHQZINSL

/ZQWYI, WNRFQIN (MFWRQIFWNI W

AYSHM 3FY N TZFRW. 8 X WK XRWM 4 2T SFXMJIWMYZXFRON F
5:'1.(8.438dd ®.43ddd 5:'1.(8.43ddd(.®0.43ddd
8** 574+.1%* 8** 574+.1*

IMTRFX ¥TZJ
¢ HISHM 3FYNTBEREY 8HNIBKEMKINH 7
5:'1.(8.43ddd (.®9.43ddd

8** 574+ .1*

8TRJIKTYMJ PZR MW XFY RGR FFRRTWPNSL T3 QEWIRG WM Y X

Project 8&24 SB8THNXZIFUNTBHTHKINSL \NYMNBTWSIW P KON B NFRISHTYO\VI UTWO JHY

Project 8&24 UWJIHKRWB7 8*3; &IFYNTS 1J @F X[TWNXVZIFL SS RFSXYAY H) HMRISY EQNCGUTOJHY

&QUSM T RMBL YRMN ¥ ZEIQT'GZ ONI, WNRFSIN /ZSJ

IMJI ZXIWRBXYVEMFBHY TK\SRRIITKNQJ


https://www.researchgate.net/publication/333907746_Mapping_the_height_of_heterogeneous_vegetation_from_UAV-borne_visible_images_and_DSM?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/333907746_Mapping_the_height_of_heterogeneous_vegetation_from_UAV-borne_visible_images_and_DSM?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/SAMCO-Society-Adaptation-for-coping-with-Mountain-risks-in-a-global-change-COntext?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/SAMCO-project-ANR-12-SENV-0004-Adaptation-de-la-societe-aux-risques-en-montagne-dans-un-contexte-de-changement-global?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Juliette_Grimaldi?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Juliette_Grimaldi?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/French_National_Institute_for_Agricultural_Research?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Juliette_Grimaldi?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Charlotte_Pelletier?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Charlotte_Pelletier?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Monash_University_Australia?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Charlotte_Pelletier?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thomas_Houet?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thomas_Houet?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/French_National_Centre_for_Scientific_Research?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thomas_Houet?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Juliette_Grimaldi?enrichId=rgreq-b1f0878cba8f94a4d86271f983da7de3-XXX&enrichSource=Y292ZXJQYWdlOzMzMzkwNzc0NjtBUzo3NzE5NjMwNjA0OTg0MzJAMTU2MTA2MTc0NDE4Ng%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Mapping the height of heterogeneous vegetation

from UAV -borne visible images and DSM
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Context and objectives

Characterizingregetation structure is essentialfor studying Vegetationinternalandexternal
- s atri - - - T or «landscape> structurest
light dlstrlbytlon andair f!ow reglme_wnhln agroforestryplots. =, “C " (2004)
Canopy heights and foliage density notably stand as key

variablesand shouldbe describedat both the internal and at

the landscapescale

Therecent developmentof unmannedaerial vehicles(UAVS)
and the miniaturization of devices for the acquisition of
georeferencedmageshaveopen new possibilitiedor remote
sensingapplicationghat we intendto testhere

A genericmethodologyis proposedfor describingvegetation
structure of agroforestry plots using very high resolution
stereoscopiwisibleand nearinfraredimagesacquiredthrough
UAWights

Material

Threeagroforestryvineyardswere selectedin Southern
Francein order to samplediversecontextsof vegetation
structure

At eachsite, flights were performedin Julyand August
2016 using a polypropyleneflying wing t eBeeé® from
senseFly Two sensorswere successivelyused a RGB (T(;p)uL"‘):l“g;‘ﬂ;“Sd:A'S'tejNDVI_

. ouom an Images
(ReI;i_GreetnBllsue) digital camera and a four bands = _, Lagarderagmforestrwineyardg
multispectralsensor

Hight trajectories and altitudes were set in order to
generateat least5 overlappingmages

Device Spectral bands XY resolution of _
center (w: width) ortho-mosaics | photogrametric

RGB sensor Blugygg 450 nm (w = 85 nm) processing

DSEWX220 Greengg 520 nm (w = 125 nm) |5 cm wit

(SONY) Reg,gg 660 nm (w=75 nm)

Multispectral Green,s 550 nm (50 nm) N

sensor Req,s 660 nm (w = 50 nm) 10 om OrMmalizeq Differencig

multiSPE@C RedEdgeg,s 735 nm (w = 20 nm) %

(Airinov) NIR,s 790 nm (w = 60 nm)

Methods

A two-step image analysis methodology was tested

Stepl: Landcovermapping  Step2: vegetationheight

1. Computation of the difference index MaPPINg
(2G) and the green percentageindex
(@9 accordingo PobleteEtcheverriaet
al. (2017

2. Supervisedclassificationby training a .
Randontorest(Breiman2002); (S[thfl\elllc): dtjl) o ;gle(Dg:\g;!tal

3. Postprocessing

(i) maskingof the limits of plots for re- Two methods are compared:

Vegetation height is
mapped by subtracting
a Digital Terrain Model

attributinggrapevind tree classes T thefiltered DSM methoffom Zarce

(i) and majority filtering applied  Tejada et al. (20}4onlyrequires a high
specificalljto the vine classsothat only resolutionDSM;
grapevine pixels being connectedto 1 ys. aDSMDTM methodrequiresa high
other grapevinepixelsareretained resolution DSM and the corresponding

Tools Pythonscript callingthe Orfeo ToolBox(OTB)  land occupation map.
(CNE201§ and GeospatiaDataAbstractionLibrary | plementation of the filtered DSM method adapted from

(GDALJGDAL/OG#ontributors2018 ZarcaTejada et al. (2014) and of the DSBITM method for
_ _ mapping vegetatioheight
Flow charfor mappinghe landcover ofagroforestryvineyards. adapted from Zarco Tejada ot . 2014 G TEMEOTimetnod
AbbreviationsR/G/B = Red Green/BluéS = Multi SpectralNIR = P | |

Near Infraredt calih = calibrationt valid = validatiort conf= confidence

| RGBortho-photos|

1. PREPARATION 2. SUPERVISED CLASSIFICATION 3. POST-PROCESSING

Stereo photogrammetry

Calib./Valid. |vine.s are soil.s
samples |trees.s rass.s

Images
23-08-2016

™ Reres

andmath  erdibIcim

—> G%gas

| Antitudeatgroundonly |

Random
Forest
Classification

Hydrologically correct
extrapolation

5 REPETITIONS
50% calib./

maximum filter
Wy =0,5 m (11x11) W,yie=0,5 m (11x11)
Wiree = 1,5 m (21x21) Wy =1,5 m (21x21)

Majorityfilter

on the vine class

[ vegetationheight | | vegetationheight |
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Results and discussion

ACCU racy)f Vege'tatlomla,SSIfl Catlon Classification scores lahgarderen the 20 JuR016

Overall accuracy of classification is satisfying Overallaccuracy from 0.89 t00.94 (5run9
Nonetheless classes grapevine and trees show
importantconfusiorwhichjustifiespostprocessing

Methodology is very conservative branches of

grapevine crossing middle rows have very low

densityof foliagebut are classifiedasgrapevine

Land covemap atLagarderen the 20 JuR016 (a) before and
(b) after postprocessing
(@) () Landcover maymat the agroforestry vineyard of
Restinclieresnthe 24 Aug. 2016 obtained from
supervisedalassification.prioto postprocessing

Water
Bareground
Grass
Trees
Grapevine

Accuracyf vegetationheightmaps

TheDSM- DTMmethodshowsseverabdvantagesomparedo the filtered DSMmethod
T it preservewvegetationborderlines
T it improvesthe estimationof the heightof foresttreeswhenslopeisrelativelyconstant
T it documentghe variabilityin heightwithin the crownof anisolatedtree.

Vegetatiorheightat Lagarderstudyvineyardon the 20Jul 2016mapped C Y
(a)thefiltered DSMmethodradiusof filteringelement= 1.5 m) (b) the DSM DTMmethod

N S e ~ w9 Vegetation height [m]
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Formost speciesof individualtrees,the DSMDTMmethod showsthe highestoverallaccuracy
for estimatingtree height,basedon lasermeter measure®f reference In the particularcaseof
verysmallleavedirees(ex Sorbusiomestica, allmethodsincludingasershowspoor accuracy

At Lagardereestimated heights of a selection of isolated trees are extracted from the two sourced maps and confronted with the heights

measured using a portative laser measuring device.
Tree height Lagardere 23 Jul. 2016 Tree height Lagardere 23 Jul. 2016
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Conclusions and perspectives

The overall approach allows many applications for  RGBmage (left), height of the vegetation

: - : - : retrieved by DSNDTM method (middle) and
computingvegetationmetric suchasvegetatlonBD denS|ty gaps in canopy (right) Restinclieresineyard,

In addition, the newly proposed Z ~-Dd D [method is Jul 2016.
highlyrecommendedor pixelby-pixelapplications

Theland cover mappingmethod could gain both accuracy

and reproducibility consideringonly the imagesfrom the

RGBsensor testing a two-step classificationwith RGB

bands and then RGB+DTMshows promising results for

more accuratelymappingfoliagegaps

Obtained from Unmanned Aerial Vehicle (UAV): A Case Study in a Commercial Vineyard. Remote Sedaindg®288)/rs9030268

ZarcaoTejadaPJ, Dia¥arela RAngileriV, LoudjaniP (2014)reeheightquantificationusingveryhighresolutionimageryacquiredfrom an
unmannedaerialvehicle(UAV) andutomatic3D photereconstructionrmethods Europeaniournal ofAgronomy55:89t99. doi:
10.1016/j.eja.2014.01.004

GDAL/OGBontributors(2018) GDAL/OGReospatiaData Abstraction software Library.

CNES (201&)rfeoToolBoxhttps://www.orfectoolbox.org/
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