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......................... Context and goals

Goals

* Characterize, monitor and map urban vegetation over Kaunas city
(Lithuania).

* Propose practical solutions for city actors and urban architects in
terms of vegetation mapping and inventory gathering.

Geographic context and study zone choice:

* High Vegetation diversity in urban areas.
* Complex distribution of vegetation species within the city.

* Various Morphologies and urban structures: 15e-17e centuries,
19e century, Art-Nouveau, Soviet, post-soviet, etc.

* Canopy state (green, dry, sick).
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------------------------- Airborne hyperspectral data (Rikola)

* Two images acquired over Kaunas city, in July 2015 and September 2016.
* 16 and 64 bands 500nm-900nm (Vis-NIR).

* Spatial resolution of 0,7 mand 0,5 m.

* Covered area: 5km?.

Kaunas center July 2015 (16 bands)

Kaunas center September 2016 (64 bands)

Band 892 nm

Band 803 nm

Band 703 nm

Band 602 nm

RGB composite image RGB composite image
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 Based on the spectral libraries
« Automatic (based on the machine learning)

 Based on the vegetation database (Kaunas tree
database and field survey)
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(2) Select bands

Parameters
optimization

Sébastien Gadal, Walid Ouerghemmi, 2016-2018
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......................... Spectral library: laboratory based training samples

Oak sample

Reflectance (%)

Sébastien Gadal, Walid Ouerghemmi, 2016-2018

Spectral measurement
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Hyperspectral laboratory imager
features:

-Brand: Themis Vision VNIR400H
(Themis Vision systems LLC).

-Spectral Range: Vis-NIR, 400nm to
1000 nm.

-Spectral resolution: 0,6nm
-Sensor type: CCD.

-Bands number: 955.
-Light: 2 halogen lamps of 100W
-lImage Scan: line by line

-Measurements conditions: black
room
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------------------------ Vegetation Mapping and recognition of species using image library training
samples and SAM classifier (results)

Horse chestnut (16 bands) | (64 bands)
B European beech H. Chestnut 6.6 8.7
W Linden E. Beech 7.9 33.1
B Maple
M Mountain ash Linden 10.5 11.6
= O Mapl 12.0 11.0
M Norway spruce aple ’ '
Lime glow M.Ash 30.0 15.7
[ Scots ping Oak 11.5 10.2
B Arborvitae
B Grass N. Spruce 15.0 16.6
Juniperus horizontalis 0.3 0.0
S. Pine 27.7 30.1
Arborvitae 50.0 0.7
Grass 59.4 36.0
0.A. (%) 16.2 21.1

*  «slight» to «fair» accuracy (0%<0.A.<40%)

* Better identification rate given by 64 bands
image (40% more pixels identified)

Walid Ouerghemmi, Sébastien Gadal, 2016-2018

* High variability per species
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------------------------ Vegetation Mapping and recognition of group of species using image library
training samples and SVM classifier (results)

Deciduous

B Coniferous
B Grass

Species\Classifier SVM SVM

(16 bands) (64 bands)

Deciduous 57.9 63.2
Coniferous 45.6 35.0
Grass 56.8 31.3
0.A. (%) 57.0 49.8

* «Moderate» accuracy for both case
(40%<0.A.<60%)

* 64 bands image: better estimation of
deciduous, under-estimation of coniferous

* 16 bands image: over-estimation of
coniferous over grass

Walid Ouerghemmi, Sébastien Gadal, 2016-2018
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------------------------ Vegetation Mapping and recognition of species using image library training
samples and reqularization process (results)

Unclassified o Oak
Horse chestnut [ Norway spruce
B European beech Lime glow
B Linden I Scots pine
B Maple B Arborvitae
B Mountain ash B Grass

Walid Ouerghemmi, Sébstien Gadal, 2016-2018
a) RGB composite test portion over Kaunas city, b) classification by laboratory spectral library, c) classification by image

spectral library, and d) regularization of the generated map

* Poor identification rate and statistical accuracy using laboratory spectral library for classification
training (b)

* Good identification rate and significant enhancement of statistical accuracy using image spectral
library for classification training (c)

* Enhancement and smoothing of the classification map using regularization graph-cut algorithm (d)
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Recognition of the species based on the spectral librairy and SAM
classifier

LEGENDE

m  Unclassified
Mean-aspen
mean-chesnut
Mean-corylus
mean-fir
Mean-green-grass
mean-green-grass-30
Meandime-glow
Meandinden
Mean-maple
Mean-mountain-ash
Mean-oak
Mean-pine
- Meanflowerred-clover
Mean-ed-clover
Mean-silver
L Mean+thuja

Romain Barlatier, Sébastien Gadal, Walid Ouerghemmi, 2017
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------------------------ Accuracy Results (compilation)

| Veg. species Classif. accuracy (16 bands image) Classif. accuracy (64 bands image)
Classifier Image acquired laboratory Image acquired laboratory spectra -
Training spectra All bands Band selection
spectra spectra No reg. Reg. |

Samples 10 50 100 10 50 100 10 50 100 10 50 100 50 50

~ | H.Chestnut 0.0 3.7 5.4 20.1 6.4 4.3 2.3 8.3 8.7 20.0 3.2 1.1 3.3 3.2

E. Beech 21.0 7.9 7.9 2.6 10.0 | 11.1 | 20.2 | 38.7 | 33.1 0.2 4.0 5.2 20.0 19.9

Linden 4.3 17.5 9.2 0.7 0.0 0.0 3.7 2.4 11.6 0.0 0.0 0.0 8.5 8.8

'(\‘)%\ Maple 304 | 148 | 12.4 0.3 0.0 0.1 13.3 | 129 | 11.0 0.0 0.0 0.0 29.5 28.9
\(\6\‘1\ (;\e"‘ M.Ash 10.2 | 11.8 | 22.5 0.0 59.8 | 59.6 | 15.2 | 21.0 | 15.7 0.0 26.2 | 20.7 0.0 0.0
% ({\’{\0(\.. Oak 33.8 1343 | 17.1 2.1 6.8 8.7 8.8 11.7 | 10.2 1.6 1.7 3.97 21.9 219
‘eco N. Spruce 11.3 | 43.3 | 21.7 4.9 3.2 4.6 5.8 11.6 | 16.6 0.4 1.2 2.7 0.0 0.0
Lime glow 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

S. Pine 21.5 | 24.0 | 22.8 0.0 0.0 0.1 63.8 | 51.5 | 30.1 0.0 0.0 0.0 0.4 0.4

Arborvitae 11.8 | 259 | 46.1 0.0 0.0 4.9 0.7 0.5 0.7 0.0 0.0 0.0 0.0 0.0

| [ Grass 260 0.0 0.0 0.4 34.1 | 313 | 36.0 | 0.0 0.0 0.0 16.6 16.5

0.A. (%) 192 1139 122 27 [ 20 [ 20 L7 101 15 | .1 ] 00 I 16.8 6.7

Kappa x103 70 70 70 -4 -0.9 -0.4 50 100 110 -3 -0.6 -0.1 14 11

& [ Deci.deous -- 57.9 -- -- 78.0 -- - 63.2 -- -- 36.2 -- 71.2 71.2

R 09,\65 < | Coniferous - | 456 | -- -- 5.4 - - |30 - - 1.0 -- 3.7 3.7
o 0 L [(Grass — 1568 — | - loo]l - | — [313] - | - oo | - 16.6 16.5
eco%(\ 0.A. (%) 1570 - | ~-ITe72 1l - - N a8 - - 1270 -- la7.0 J] 460
f Kappa x10° - 170 - | -"T 20 -- - 19| - | -1 7 [ - -3 -7

» «Slight» accuracy of individual species recognition (overall accuracy of 21% at best)

* «Moderate» to «Substantial» accuracy of group of species recognition (overall accuracy of 67% at best)
* Image spectral library based mapping more accurate than laboratory spectral library based mapping.

* Enhancement of mapping accuracy when increasing band number for individual species

* No enhancement of mapping accuracy when increasing band number for group of species

* Band selection enhanced accuracy of individual and group of species recognition
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Sébastien Gadal, Walid Ouerghemmi, 2016-2018
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------------------------- Spectral library : image based training samples

Kaunas Center 16 bands, RGD Kaunas Centre 64 bands, RGB
composite image -July 2015 - composite image - September 2016 -

ss00f 1 Grass

3000 —

2500

1 Grass

2000

Reflectance (nm)

1500 -

Reflectance (nm)

1000

500 700 300
Wavelength

Walid Ouerghemmi, Sébastien Gadal, 2016-2018
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Trees inventory over Kaunas city
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371 trees varieties (coniferous and deciduous)
64 dominants varieties (occurrence > 100)
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17 very dominant varieties (occurrence > 1000) (Linden, Mountain ash, pine, Maple, etc.)

Most dominant variety: small leafed Linden
~90% of deciduous trees, ~10% of coniferous
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------------------------ Vegetation Mapping per species using Reflectance MNF images (SAM and

SVM comparison over 64 bands image)
SAM SVM
(64 bands) | (64 bands)

H.Chestnut H. Chestnut 12.1 28.0
Linden Linden 211 19.2
M.Ash M.Ash 49.0 38.8
Oak Oak 61.1 72.5
N.Spruce N. Spruce 26.9 51.6
S.Pine S. Pine 10.5 18.1
Thuja Thuja 10.9 27.6
Grass Grass 21.8 85.5

O0.A. (%) 22.6 45.7

*  “Fair” (20%<0.A.<40%) to “moderate”
(40%<0.A.<60%) accuracies

* Better mapping accuracy given by 64 bands
image

Walid Ouerghemmi, Sébastien Gadal, 2016-2018 * Underestimation of grass, and overestimation
of other species (N.Spruce and Oak) (SAM)
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------------------------ Vegetation Mapping per species using Reflectance MNF images and SVM
classifier (16 and 64 bands images comparison)

SVM SVM
(16 bands) | (64 bands)

H.Chestnut H. Chestnut 19.1 28.0

B Linden Linden 36.0 19.2

B M.Ash M.Ash 38.4 38.8

e Oak 36.5 72.5

= N.S-pruce N spruce = —
I S.Pine

B Thuja S. Pine 47.3 18.1

M Grass Thuja 50.1 27.6

Grass 91.2 85.5

0.A. (%) 41.2 45.7

*  “Moderate” (40%<0.A.<60%) accuracy

* Better mapping accuracy given by 64 bands image

* Coniferous better identified using 16 bands image

Walid Ouerghemmi, Sébastien Gadal, 2016-2018
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------------------------ Vegetation Mapping per species using Non Reflectance MNF images and
SVM classifier (16 and 64 bands images comparison)

SVM SVM
(16 bands) | (64 bands)

H.Chestnut H. Chestnut 23.3 22.0
B Linden linden 35.8 17.3
B M.Ash M.Ash 46.2 34.0
e Oak 45.8 62.2

B N.Spruce
E N. Spruce 19.2 40.3

B S.Pine

B Grass Thuja 48.3 26.8
Grass 92.6 95-8
0.A. (%) 43.6 46.1

*  “Moderate” (40%<0.A.<60%) accuracy

e Better statistical accuracy given by 64 bands
image

« Better expert accuracy given by 16 bands image

- : * Overestimation of grass specie using 64 bands
Walid Ouerghemmi, Sébastien Gadal, 2016-2018 non reflectance image

* Feature selection over 64 bands MNF image
affected badly the mapping accuracy (information
loss)
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........................ Accu racy Resu'ts (Com p||at|0n)
=  MNF (1): feature
selection in the original
domain (reflectance)
Veg. species Classif. accuracy (16 bands image) Classif. accuracy (64 bands image)

=  MNF (2): feature Classifier

selection in the Training SAM SVM SAM SVM

transformed domain No MNF MNF No MNF MNF No MNF MNF  No  MNF MNF

| Veg. species |
(non reflectance) W NMF (1) (2) MNF (1) (2) NMF (1) 2) MNF (1) 2)
d 16.4  16.5 21.5 19.2 19.1 233 11.5 12.1 27.0 28.1 280 220
154 160 245 336 360 358 205 21.1 13.1 19.3 192 173
o~ 4 ESH 67 119 258 375 384 462 463 490 501 385 388 340
o m 41.0 402  49.7 36.2 365 458  62.3 61.1 729 699 725 622
m 100 9.8 21.1 16.4 150 19.2 268  26.9 160 507 51.6 403
:m 49.8  47.7 55.4 491 473 59.3 10.7 10.5 18.7 179 181 177
@ 1TET 57 319 337 527 501 483 104 109 6.7 285 276 268
o -m 452 454  93.9 92.5 91.2 926 223 218 650 851 855 958

22.6 22.4 37.6 40.7 41.2 43.6 21.9 22.6 34.5 45.5 45.7 46.1

“Fair” (20%<0.A.<40%) to “moderate” (40%<0.A.<60%) accuracies for all studied cases

* Enhancement of mapping accuracy when increasing band number from 16 to 64 bands.
*  MNF feature selection enhanced the mapping accuracy (original and transformed domains)

* Mapping over the transformed domain (non reflectance images, MNF 2) gives better statistical accuracies
than original domain (reflectance images, MNF 1)
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Conclusions

The use for VIS-Nir hyperspectral airborne imagery, could be considered as a reliable and
practical solution for vegetation mapping over urban areas

Limited spectral samples were used for classifiers training (100 samples) due to limited
ground truth data

(SVM) classifier offer more accurate mapping than (SAM) classifier (6% to 23% better in term
of overall accuracy)

vegetation species detection was enhanced when increasing the bands number (from 16 to
64 bands) (1% to 5% better in term of overall accuracy)

The use of MNF feature selection enhanced the mapping accuracy

MNF feature selection over the transformed domain (non reflectance images) offer better
statistical accuracy than over the original domain (reflectance images), but reliability is not
ensured in case of under-selection of features

Issues and improvements: improve ground truth data, use other feature selection strategies,
use other classifier training strategies



Aix--Marseille GIS for digital development, NEFU, Yakutsk, 09-10 April 2019 GIS

. . conference
universite VAKUTSK

Initiative d'excellence

------------------------- Methodology: vegetation database (3)

Individual trees
(example: Oak)

Group of trees

Land field GIS database

* Individual trees (371 species)
* Heterogeneous groups ( up to 10 species within group)

* Homogeneous groups (1 or 2 major species)
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) Recognition of sets en vegetation using SVM (100% and 50%
sample objects database) (16 spectral bands)

Romain Barlatler Sébastien Gadal, Walid Ouerghemm| 2017 2018
100% 50%



o |

[ L] , P H

Aix MBI’SEI”E GIS for digital development, NEFU, Yakutsk, 09-10 April 2019 GIS :0f§§ e
L4

) : conference
universite YAKUTSK

Initiative d'excellence

........................ Recognition of sets en vegetation using SVM (100% and 50% of the
sample object database) (64 spectral bands)

100% => 50% Romain Barlatier, Sébastien Gadal, Walid Ouerghemmi, 2017-2018
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------------------------- Vegetation mapping using SVM with 100% and 50% of the sample
object database (16 spectral bands)

Romain Barlatier, Sébastien Gadal, Walid Ouerghemmi 2017-2018 ’ - Classification SVM (50% échantillons) par espéces de végétation - Kaunas - Juillet
I I I

100% 2015 (Source : HIS)
LEGENDE 50%

Unclassified
azuolas paprastasis
berzas karpotasis
eglé paprastoji
gluosnis trapusis
kastonas paprastasis
klevas paprastasis
= klevas uosialapis
™ liepa mazalape
a: peulouse
™ pusis kalniné
robinja baktaziede
= tuja vakariné
= uosis paprastasis
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“Vegetation mapping using SVM with 100% and 50% of the sample

object database (64 spectral bands)

. Classification SVM (50% échantillons) par especes de végétation - Kaunas -

Septembre 2016 (Source : HIS)

Romain Barlatier, Sébastien Gadal, Walid Ouerghemmi, 2017-2018

LEGENDE

Unclassified
azuolas paprastasis
berzas karpotasis
eglé paprastoji
gluosnis trapusis
kastonas paprastasis
klevas paprastasis
klevas uosialapis
liepa mazalape
peulouse

pusis kalniné
robinija baltaziede
tuja vakariné

uosis paprastasis
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Image 16 bandes Image 64 bandes
Espéces végétales 100 échantillons 50,00% 100 échantillons 50,00%
Azuolas paprastasis (%) 0 0,21 0 1,56
Berzas karpotasis (%) 0 0 13,51 44,66
Eglé paprastoji (%) 71,32 43,38 64,41 0
Gluosnis trapusis (%) 0 0 0 0
Kastonas paprastasis (%) 0 2,29 12,8 12,98
Klevas paprastasis (%) 55,18 77,9 12,06 80,39
Klevas uosialapis (%) 28,85 45,45 0,57 16,38
Liepa mazalape (%) 0 23,89 0 75,65
Pelouse (%) 31,98 87,14 22,78 97,9
Pusis kalniné (%) 19,18 0 46,6 0
Robinija baltaziede (%) 42,13 38,07 45,66 40,98
Tuja vakariné (%) 0 14,38 9,09 29,09
Uosis paprastasis (%) 4,29 6,75 16,39 15,57
OA (%) 27,39 63,22 14,72 73,29
Coeff de kappa 0,18 0,47 0,1 0,65
Feuillu (%) 28,42 39,16 15,62 69,48
Conifere (%) 31,27 22,54 36,01 12,44
Pelouse (%) 31,98 87,14 22,78 97,9
OA (%) 30,51 65,75 18,89 79,28
Coeff de kappa 0,12 0,47 0,08 0,65

Classification SVM par espeéces et par groupes d’especes sur les images HIS
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------------------------- Multi-temporal (seasonal) analysis on the Sentinel
2A and Landsat 8 OL

SGBD

Images de telédetection satelitaie et aéroportée

couche vecteur : inventaire Espaces vegetalsés
T 2015-Landsat 8 OLI
masque de vegetation

Espaces non vegetalisés

| Clagsification SyM — Cartographie de groupes d'especes vegetales
2016- te - Sentinel 2 A ]
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Performances of recognition of vegetation groups

Espece S2A S2A S2A S2A Landsat 8
végétal Printemps Eté Automne Hiver
e
Feuillu 100 98,38 66,41 0 69,42
e (%)
Conifer 96,67 99,3 97,57 100 98,43
e (%)
Pelous 94,74 90,53 94,74 0 100
e (%)
OA (%) 98,04 97,53 89,1 96,32 93,32
Coeff 0,97 0,96 0,8 0 0,84
de
kappa
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