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LA RECHERCHE AGRONOMIQUE
POUR LE DEVELOPPEMENT

Developing a method to process satellite
Images for mapping coconut
agrosystems

By Prune Komba Mayossa & Geo Coppens & Frederic Borne
& Gaélle Viennois
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INTRODUCTION

Q. Context :
Cocos nucifera L., perennial oil seed crop of intertropical area :

1

- Warm and humid climate

-21° C < average temperature < 27° C

- 1500 mm < annual rainfall < 2500 mm, uniformly distributed.
- Altitude up to 300 m

- Coconut palm : tree of life

Copra: Important place in the economy of several regions of the Pacific ( e.g.
Vanuatu, Tuamotu ), Africa (e.g. Ivory Coast and Tanzanian coasts) and Asia (India and
the Philippines).
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INTRODUCTION

A Problematic : resource management of long-term coconut (COGENT network, 39
countries)

Existing : Few studies of mapping and characterization of coconut plantations

-Lelong et al., 2004: Typology of coconut plantations.

-Teina, 2009: use of watershed to estimate, count and conceive maps of density.
- Not generalizable methods

O Objectives : Development of a simple and generalizable method for
- mapping the agro-systems involving coconut palm,
- and differentiating them from oil palm.

Two different agricultural contexts :

- Heterogeneous environment : Vanuatu (Vanua Lava island) ; ancient coconut orchards,
several stages of maturity.

- Homogeneous environment : Ivory Coast (Marc Delorme Research Station) ; coconut
palm in monocultivation, neighbouring oil palm groves.
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MATERIALS AND METHOD / « Sites of study »

O Vanua Lava

(Vanuafu)
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VANUA LAVA e

Routes

Cours d’ean
® Ville et villages

Kilometers

North Vanuatu :

- Oceanic equatorial climate
- Area : 334,3 km? (2597 inhabitants)

Tool:

Pléiades image (29/10/2013)

- Multispectral mode (B,V,R,PIR) in
2m of resolution

- Panchromatic mode in 0.5m of
resolution




(Aotteete = @
MATERIALS AND METHODS / « Sites of study »
O Marc Delorme Research Station

_agoon Reqgion (Ivory Coast)

- Equatorial climate : (25-30° C);
very high rate of humidity (80-90%) ;
High precipitation(2129 mm).

- Genebank of coconut palm
managed by COGENT.

“Océan Atlantique .
e Tool :

GeoEye-1 image (10/10/2013)

- Multispectral mode (B,V,R,PIR) in
2m of resolution.

- Panchromatic mode in 0.5m.

Station de recherche Marc
Delorme

0.4

- [ |Kilomeétres _
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Image MS 4 2m inags Panlia
0.5m
" I —

Pansharpening
\

Im MS 4 0.5m (1) : image panchromatique a 0.5 m de résolution ; (2): image multi spectrale (RPIRR) a 2m de resolution ; (3) : image ré échantillonnée |
age : (R.PIR.R) i 0,5m de résolution.

Menu ENYT: Transform —p Image sharpening—p Gram-Schmidt Spectral Sharpening

NDVI et | Imags MSa0.5m

Image M

| Echantillonnage -

{  ANALYSE |
| TEXTURALE: |
| PAPRI i
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D METHODS/
«Extraction and counting of coconut palms»
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’g:_ Image Stack fﬂ‘*

Construction demasques et \

masquage de I'unage stack
(B.V.B.PIE.NDVT)

Image stack Masque B
E.V.B.FIE.NDVI > Datarange iy ' :
I
Extraction des
ROIs

y

Indice de Jeffies-
Matusita

A\ i

Classification : ,
; i Filtre Gansgsian Low Pass
SUpEIVISEE

Post clagsification

Sieveet Clump genillage
Seomentation de l
la classze cocotier
RIasque cocolier hf{ aaqie de
WVeaetation
(masque A) (masque B)

Yy /7

Masque final (masque C)
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ND METHODS/
«Extraction and counting of coconut palms»
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TIDA method (Culvenor,2002)

Watershed (LPE):

- Smoothing: filter, reduce texture.
-Markers: local minima and maxima
in 4 directions.

DENOMBREMENT DES
COCOTIERS
Lissage

v

Génération de marqueurs
7

Segmentation LPE

o ———




(Aix Marseille

"RESULTS/ «

Spectral variation by class
U Vanua Lava

counting of coconut palm
spectral analysis »

Varlatlon of the average NDVI

|

\

% \

I L ——NDV/
i

l

|

MIXTE PROD VH VB SOL

Spectral variation B,G,R, NIR
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ﬁJ:'F'r ﬁ 3 - 3
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NDVI allows to distinguish the mixed coconut palms (average NDVI = 0.60) of the productive
coconut palms (average NDVI = 0.67).




d counting of coconut palM @

(M MisEeULTS /<
spectral analysis »

0 Marc Delorme Research Station e Variation of the average NDVI

2 k
0,15 +— L
0,1 }\ A / \T —&—NDVI

: > & 2 2
0,05 @5 & & & ¥ I
o8 & &L L
(,ob 000 Q (& \\¢O/ Q%/

PP Cocotier zeand Cocotier nain Vagatation hauts 700 - :
Palmier ahuils E 600 . B
500 -+
400 -V
Végtation basse Culreres Sol ru-biti 300 +
200 + —a—R
Coconut palms : varietal distinction by the 100 - »
1 i P |
NDVI. .
= = S A A
NDVI dwarf = 0.14 and NDVI large =0.5. T R
Oil palm: NDVI of 0.15 Sl €

—> Confusion with vegetation (high and low) and
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Maximum Likelihood Classification Vanua Lava

Classification par maxinmum de vraisemblance (Vanua Lava)

Carte manuelle d’occupation du sol (Vanna Lava)

coco_mixte 0 005 01 0,2 Kilomeétres
- coco_prod N T T T S |
- vg_haute
|:| vg basse
B =o_bati

* Manual validation :
Map of overall accuracy 57%, Kappa of 0.4

Il Cocotier mixte

a5 Lo preemees Confusion between mixed (57%) and productive

coconut palms (68%)

Vegétation basse
B Vveo Réalisation: Prune Komba Mayossa, Bloversity International
B Sol-bati Logiciel: ENVI

I Végétation haute b AutomatIC Va|ldatI0n .
Overall Accuracy of 85% (Kappa =0.71)
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Maximum likelihood classification Marc Delorme research station

Image GeoEye-1. station Mare Delome Classification par maximum de vraisemblance . ;
Carte manuelle d’occupation du sol (Mare Delorme)

N et

. ey o
I
ot

3 ‘ palmier
I T

\ | coco_grand

coco_nain
| veg_haute

\ | veg_basse

\ | sol-bati

Cocotier nain i ]
[parcelle 132) | 3 = A Wy

0.5 Kilomatres
| ) 5 11 i i L |

£l o

] 6125 028 0.5 Kiiomatres
Wl Paiuer Ty b o o T ( & irE ~
Bl cocoter grand (parcelle 142) i e
B cocoser nain (parcelle 132)
Végétabon basse Réalisation: Prune Komba Mayossa 0 0=05 0,1 0,2 Kilométres
B vigétation haute Bloversity International | I T N I I RO A A |
Bl sol-bis Logiciel: ENVI

0 Mer

Manual validation :
- Map of overall accuracy 58% (Kappa of 0.4)

Confusion between oil palm, large coconut and dwarf coconut palms



Aix:-Marseille

UI’]iVEI’S[ﬁESULTS / (

(

Counting of coconut palms

spectral analysis »

Segmentation is not uniform
on the whole image :

We succeed in counting 65 %
of the coconut palms.

sub-segmentation

Over-segmentation

aJion

Good
segment

Contour du houppier

n Minimum local

Conclusion 1:
NDVI important :
Differentiate coconut palms besides of the vegetation; possible varietal discrimination.

13
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RESULTS / « Textural analysis : PAPRI method »

O Vanua Lava

: Table 1: Confusion matrix: small window
Small window — =
A
VALUE mixtes prod vh vh sh
mixtes 45,41 3169 26,42 0,00 2173,00
il . Noa Classes
= :m prod 3442 52,23 25,68 17,58 142825
[l coco_prodl vh 10,69 10,96 3085 21,10 108475
= vh 170 133 3,07 61,32 116,50
| ] vot e sh 6,79 3,79 1389 0,00 54,56
([l coco_prod2
T b)Ec nnage” sur i 0 25 50 100 Km - . -
' | IS T T S T —— - -
- NDVI Table 2: Confusion matrix: large window
L a rg e wWin d ow VALUE mixte prod vh vh sh total
mixte 60,57 323 557 1574 20,94 106,05
prod 3438 93,46 36,68 194 18,17 18462
vh 505 331 57,25 0,00 1,20 66,81
vb 0,00 0,00 0,00 8232 0,00 82,33
sh 0,00 0,00 0,50 0,00 59,68 60,19
100 100 100 100 100 500,00
- mmﬁ.er e ’ 0 0,125 025 0.5 Kilométres - - - .
B o |y T x t Better accuracy with large window sizes : Accuracy of
Végétation basse

Réalisation: Prune Komba Mayaossa,

I:l Végetation haute Bioversity International 70% and Kappa Of 0.63

Bl soi-bati

Logiciel: PAPR!
- Cocotier productif 2 g
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RESULTS / « Textural analysis : PAPRI method »

O Marc Delorme station Table 3: Confusion matrix small window
- VALUE  palmier grand nain b vh sb mer total
Small window palmier 88515 %07 17,5153 15,5883 3545 0,176 00000 663522
b) Classification PAPRI aran 17,6855 31,0708 99710 255 17,0324 15650 0018 130580
ayZone test NDVI : nain 16,2880 94415 63,0470 174158 04964 0047 00000 1067135
i Wb 3,199 09640 1015 L)) 0,068 00037 00000 34599
W 37836 87381 2182 16,4136 0,252 39,7064 0235 1408258
sb 0,533 0,0782 10,0000 49889 82830 58523 17505 741585
B pmier mer 0,0000 0,0000 0,0000 04077 0,0000 0,0000 979040 98,397
E:::":‘ 100,00000000000  100,00000000000 100,00000000000]  100,00000000000]  100,00000000000  100,00000000000  100,00000000000 6514675
-
-VIMI
n B vu basse -
b oo 10 Large window
W cvhres
[] togonc
O 25 S50 100 Km
| S W S S S S - —

Table 4: Confusion matrix large window

VALLE  palmier grand nain Wb th s mer tatal
palmier £5.61 2353 43 153 30 03 000 13468
grand 2453 5151 00 4382 Kl 253 111} [T
nain §,03 552 £3,38 242 004 002 000 5340
Wb 130 0.3 26 an 00 000 1111
th 20 64 153 55 7454 4556 033 ue2
]sl:n 024 003 0,00 423 342 5154 16 6
met 0,00 0,00 0,00 03 00 000 e o uB3

100,00000000000  100,00000000000  100,00000000000100,00000000000° 100,00000000000100,00000000000100,00000000000° 700,00

Better accuracy with large window sizes Accuracy ¥l :
of 56% and Kappa de 0.56 —j Lo o

- cocotier grand (parcelle 142)

- cocotier nain (parcelle 132)

[ vagétation haute Realisation: Prune Komba Mayossa,
Bioversity International

Logiciel: PAPRI

Conclusion 2:
The texture is best expressed with large window sizes.

|:\ Végétation basse
Bl sol-bati
[j Mer
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Reminders of the main result

1. Spectral analysis

® Homogeneous and heterogeneous agricultural landscape : spectral signatures do not
allow a sufficiently precise classification (Kappa =0,4).

® Confusion palm tree / coconut palm, also coconut palm dwarf / large coconut palm.
Watershed not effective in any area of the image (problems of sub-segmentation and over-
segmentation).

®* NDVI, Important for the study of the vegetation: separability of vegetable classes.

- Simplification and improvement of the method proposed by Teina (2009).

N AND CONCLUSION

2. Textural analysis
® Increasing the window size allows a better expression of the texture.
® Better mapping(0.63 and 0.56 for the two sites vs. 0.4 for spectral method)

® According to Lelong and al., 2004 : « not possible to map the types of coconut
plantations by PAPRI method (CLAPAS) »

—> By our approach : Possible to map them by sampling from NDVI.
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N AND CONCLUSION

Prospects for improved mapping

1- Problem bound to the data and to the validation of the method

Statements of ground :
—> Improved determination
of ROIs

Image Pléiades

\J/
Prétraitements

I Image MS 4 2Zm I

Image stack
R.V,B,PIR.NDVI

Finer resolution
| VERITE DE 1 ->MS image at 0.5m :

Avoid the pansharpening

|
|
|
|
Classification 1
|
|
|
|
1

[ Extracﬁ‘én Ees

Image MS & 0,5m ROIs

Indice de Jeffries-
Matusita

manuelle

I Image en luminance I

—> Creation of a database of
ROls

Classification

E supervisée
| Echantillonnage ~ ——— _L_ —————
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2- Problem bound to the classifier :

Image Pléiades

Prétraitements

N AND CONCLUSION

Image stack
R.V.B,PIR.NDVI

y Image MS a2m I 0.5m

Image PANa N

l

N

Pansharpening |

i\

Extracﬁon éés
ROIs

Echanfiﬁbmag@

[ image Msa0,5m | \L
Indice de Jeffries-
Matusita
I Tmage en luminance : .
/ Classification
sgpeﬁ'visée

3- Problem bound to the algorithm of counting

; ,t"' ----------- e e e e e e e "-\\
! DENOMBREMENT DES i
[
i COCgQ :
1
: ~ Lissage :
: T :
: Génération de marqueurs :
[
l\ Segmentation LPE 1'
N e g )

B Reducing the dynamic range of the
image :
—> Using filters; other color system
HSV

—Object-oriented approach / multi-
scale approach :
—>eCognition, ENVI Fx

Sub-segmentation problem:

-> Reconstruction of masks, similar to
the classification problem
Over-segmentation problem:
—>Homogenization of the image :
controlling the generation of markers
(local minima and maxima)



DISCUSSION AND CONCLUSION

1- Possibility of distinguishing agrosystems with coconut palm, even in heterogeneous
landscapes (Vanuatu) - Perspectives of fine study on the structure of the production
and the social importance of the coconut palm and their evolution in time.

2- On a large scale (e.g. India) : the problems and methodological limitations met and
analyzed at a very fine scale (e.g. sub-segmentation and over-segmentation) lose
Importance.

3- It is now more important to develop mapping methods that allow the ck
for a GIS.

Aix<Marseille
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