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ABSTRACT

This paper presents an automatic method to evaluate the tree crowns presented in the high resolution satellite
images. This method comes into picture to reduce the manual power, time and money. Extraction of urban

vegetation is a complex one. So, a couple of spectral indices called NDVI (Normalized Difference Vegetation

Index) and S (Saturation Index) are used to identify the vegetation area presented in test area. We apply
thresholding techniques to identify the trees followed by edge detection using sobel operator to delineate the tree
crowns presented in the test area. Finally, count the number of tree crowns by using morphological open operations
(remove the noise components) and connectivity methods. The results obtained are compared with manual
delineation and evaluate the accuracy in finding the tree crowns by this approach. The factors effect the
performance are put forward and discussed.

Keywords- Tree crown delineation, High ResolutioRS (Remote Sensing) image, Normalized difference
vegetation index, Saturation Index, Edge Detection.

INTRODUCTION

Trees are an important component of the naturalseape because of their prevention of erosion lamgbtovision
of a weather-sheltered ecosystem in and under fhiage. They also play an important role in proidg oxygen
and reducing carbon dioxide in the atmosphere,edlsas moderating ground temperatures [14].

The significance of Trees outside the ForeBOf ) can be observed in countries with low forest col/®F
resources constitute the main source of wood amdwumnd "forest” products. In urban areas trees igev
important aesthetic and environmental servicesldit®n to providing shade and greatly increasimg livability of
cities. [15].

Investigation of Urban vegetation plays a very im@ot role in urban planning, environmental pratectand

consistency checking measures. The first stepearreébonstruction of urban vegetation consists ensklgmentation
of vegetation areas followed by a classification eafch previously identified region. An accurateoastic

reconstruction of such types of vegetation areasrial challenge due to their complex nature arttigir intricate

distribution between man-made objects in densenuab@as.

Many researchers’ uses object oriented based methdihd out the detection, delineation and cfasgion of tree
crowns from aerial or satellite images. Tree topitans can be estimated by using object orientethods [5] [6]
[7]. There are several methods such as valleyyialg algorithm [8] or region growing method [9] &xploits
shadows around tree crowns and to delineate thatoar [10], such as other contour based methoelsrusti-scale
analysis [2] or active contours to delineate tnervois [11]. Apply these algorithms to forest staridperform well
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for neighbouring trees and tree species of sanss @ad age. Applied these algorithms to urban enrients, the
neighbouring trees greatly vary in size and spedissse algorithms perform poorly. This is mostlyedo the
different resolution of the input data which cadunoe false detections for the tree tops. Consetyerge crowns
are often over segmented during the region growstag.

Similarly, local maxima filtering algorithm to estate tree top position and the number of trunks[12]. These
kinds of techniques are mostly applied on foreahd$ and are based on detecting local maxima anoatked
image. Provided that the detection filter size pprapriate for the size of the trees and the imagelution, this
technique usually produces good results on mediudense forest stands as estimated tree tops ajteaide with
real ones.

The strategy of this approach is to detect the rmimobtree crowns presented in a high density udsarironment.
The steps involved in this approach are detectiegviegetation area by using spectral indices, tétecedges of
the tree crowns by using segmentation methodstemdfollowed by tree crown delineation and finaldiculate the
number of tree crowns presented in the whole d&igally, the results obtained by this approachcamapared with
the manual delineation and evaluate the accuratyeafee crown delineation.

Il. Related work

Trees outside forest extracting techniqgues maielyethd on images taken by the different satelliésinly tree
crown is a major parameter for finalizing the teekgication. Tree species are defined by severabctexistics, such
as average height, crown shape, leaf shape andrcetem density, crown spectral characteristiod,so on.

Tree crown delineation can be obtained by usingrséwmethods such as circle unification methbdDVI and

RDI (Radial Distribution Image) method)EM (Digital Elevation Model) method, Watershed Algbm, 2d
Walking Ant Histogram, Local Maxima Filtering, Texe Approach, and Image-to-Map Rectification.

Corina lovan at el.[1], proposed a method for awtienextraction & characterization of vegetatiorustures in
high density urban areas. They extract & charagenrban vegetation structures from high resoluticaiges and
Digital Elevation Model’s. In this method, at firglentify all vegetation areas in the urban envinent using
spectral indices. Once these regions of interesttified, they proceed to finer level of analysighmse vegetation
areas, by performing the texture analysis, to diffitiate lawns and trees. Trees are characterigedtigher gray
level variance on thBEM , they obtain an indicator which allows us to sapatawns from tree crowns. Tree tops
are detected by searching local maxima on a fixadlow size in thdDEM . Starting from tree tops, tree crown
borders are obtained by a region growing approasedb on geometric criteria’s of the trees. Thelr@salysis of
this paper as, 63.6% of trees are correctly segederid.6% of trees are over segmented, 9.7% of &ee under
segmented and 9.7% of trees are omitted.

Tomas at el.[2], presents an automatic multipldesa#gorithm for delineation of individual tree @vns in high

spatial resolution infrared colour aerial imagesthis method at first, the tree crown contoursenieentified as
zero-crossings, with convex gray-level curvaturbicly were computed on the intensity image for eawge scale.
A modified centre of curvature was estimated foergvedge segment pixel. For each segment, theseeqamints

formed a swarm which was modelled as a primal skegsing an ellipse extended with the mean circleun¥ature.

The model described the region of the derived ¢rewn based on the edge segment at the curremt Sda sketch
was rescaled with a significance value and accurdlfor a scale interval. In the accumulated skeddinee crown
segment was grown, starting at local peaks, uriteecondition that it was inside the area of healtbgetation in
the aerial image and did not trespass into a neigtig crown segment. The method present in thiepalentified

on the average, 7 out of 10 manually interpreted trowns, if the very small trees are omitted. @iméssion error
consisted of very small tree crowns or dark crottias were below the estimated global thresholda®@average of
the whole data set, 54% of the physical tree crdimmeter was visible in the image. The main drawliachis

method is light sun patches on the ground werdtiitkhas tree crowns.

lll. Proposed Method

This section presents our approach to detect aachcterise urban vegetation areas. We first presgmapproach
to detect vegetation areas based on the use ofatmgeindexes. Once Vegetation areas identifiegl,pnoceed to
their edge detection and then pass on to delinedigidual tree crowns and finally, count the numloé tree
crowns presented in the image. The entire proseas shown in the below flowchart.
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Fig (i): Flow chart of the proposed method

A. Calculation of Spectral Indices
To detect the tree crowns in a complex urban enuient a couple of spectral indices are requirechs&hare
normalised difference vegetation index and satomatidex.

Normalized Difference Vegetation Index (NDVI )
NDVI is representative of the plants photosyntheticieficy and provides per-pixel vegetation distribuat This

index allows the creation of a gray-level image, IdDVI image, obtained by computing this index for eaixelp
in our images according to equation 1 is as beRjw [

NDVI is calculated from the visible and near-infraright reflected by vegetation. Healthy vegetatiosabs

most of the visible light that hits it, and reflech large portion of the near-infrared light. Urlttgaor sparse
vegetation reflects more visible light and lessrAprfiared light. The numbers on the figure aboxe r@presentative
of actual values, but real vegetation is much nvaréged.

NDVI = (NIR-VIS)/(NIR+VIS) (L

Where NIR andVIS are the values of the pixels respectively in tharrinfrared and visible red band. This index
highlights area with a higher reflectance in thfrared band than in the red band (i.e. vegetatiépplying an
automatic threshold on thBIDVI image gives a coarse segmentation of the urbamesoevegetation areas and
non-vegetation areas, where the output masks @autdor all vegetation areas can be observed. A thee also

other materials present in an urban environmertt wihigh reflectance in the infrared band, were fiegetation
classification results using a second spectralkinde
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Saturation Index ()

Saturation index is used to find any other matenmaksent in an urban environment with a high ctdlece in the
infrared band. Due to complex structure of urbavirenment the reflectance values are vary from cibje object
Due to some dust parted the reflectance value changes, which causefalde identification of vegetation

NDVI method. So, by using another spectral index caskedration index to identify vegetation exactly.e
saturation index can be calculated bing equation 2 is as shown below.

S = (R-B)/(R+B) 2)
Where R and B are the values of the pixels respectively in thkaed blue ban

B. Vegetation Detection

The urban environment is a mixture of differentgodions of treed areas, bare soil lawns, shrubifihg areas a
well as streets. Therefore, the spectral respohegban vegetation is altered by the presence df slifferent type:
of elements, hamg similar spectral signatures. Moreover, the apheric conditions over urban areas are gre
influenced by the presence of pollutant gas and idssed from industrial plants which are mainlgdted aroun
big cities. All these factors induce gr variations in the spectral reflectance of the sarban material

Once the spectral indices are calculated thenifgethie vegetation by using one of the above twecsgal indices
or by combining these two spectral indices by udomjcal and. Vegtation obtained by combining these t
spectral indices. Once vegetation is identified thet threshold value to separate the trees fronothltr object:
presented in the image.

C. Tree Crown Delineation

Edge Detection

Oncethe region of interest is identified, we proceedéxt level of analysis, called edge detection.eedegtectior
is used to detect the edges or boarders of thectsbpresented in the image. Here the edge detesties sobe
operator [13].

The Sobel operator is usedimage processir, particularly within edge detecticalgorithms. Technically, it is

discrete differentiation operatocomputing an approximation of tigradientof the image intensity function. /
each point in the image, the result of the Soberafor is either the corresponding gradient veotathe norm o
this vector. The Sobel operator is based on coimglthe image with a small, parable, and integer valued filter
horizontal and vertical direction and is therefogkatively inexpensive in terms of computations. i@ other hanc
the gradient approximation that it produces istieddy crude, in particular for high frequencuariations in the
image.

Mathematically, the gradiemtf a twc-variable function (here the image intensity fungjies at each image point,
2D vectorwith the components given by tlderivativesin the horizontal and vertical directions. At edofage
point, the gradient vector pagin the direction of largest possible intensitgrease, and the length of the grad
vector corresponds to the rate of change in thaiction. This implies that the result of the Sobpérator at a
image point which is in a region of constant ge intensity is a zero vector and at a point oredge is a vectc
which points across the edge, from darker to beighalue.

Mathematically, the operator uses two 3x3 kernefsckv are convolved with the original image to calcula
approximations of the derivativesone for horizontal changes, and one for vertidalvé defineA as the source

image, and G, and Gy are two images which at each point contain thezbotal and vertical derivativ
approximations, the computations are as folls

-1 0 1 -1 -2 -1
G=-2 0 2*A &G =0 0 0 [*A
-1 0 1 1 2 1

Where#* here denotes thaltnensionaconvolution operation.
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Since the Sobel kernels can be decomposed as tideiqts of an averaging and a differentiation kertlady
compute the gradient with smoothing. For examp(®, can be written gs-1 0 1]

-1 0 1 1
-2 0 2|=|2/F1 0 1
-1 0 1 1

The x-coordinate is defined here as increasing in tight't-direction, and thg-coordinate is defined as increasing
in the "down"-direction. At each point in the imaglee resulting gradient approximations can be doatbto give
the gradient magnitude, using:

G=,G;+G]

Using this information, we can also calculate thedgent's direction:

@ =atan2(G, G,)

Where, for exampled is 0 for a vertical edge which is darker.

The result of the Sobel operator is a 2-dimensiamgb of the gradient at each point. It can be Eeea and viewed
as though it is itself an image, with the areasigh gradient (the likely edges) visible as whitges. Once the
edges of trees are identified place the edge deteichage on original image to identify the delitiea results.

D. Detection of number of tree crowns

After, the delineation of tree crowns apply struatielement process followed by morphological opparation to
find out the number of tree crowns presented inege. The morphological open operation is use@ntoove the
small elements presented in the image and coumtuthwber of tree crowns presented in the image atelyr

RESULTS

This section presents evaluation of results ofttee crown identification and detection of numbg&tree crowns.
The input image taken is a complex urban area widny greened and treed areas, highly interminglgd w

buildings is as shown in belokig ii(a). The decorrelation stretch image is as shown lovbEig ii(D). The
decorrelation stretch operation is to extract tifier@nt colour bands to calculaDVI & S .

After extracting theNIR (Near Infrared), Red and Blue components from detation stretch calculate thRIDVI
& S . The results obtained are as shown in befeig ii(c) & Fig ii(d) respectively. The vegetation (Region of

Interest) is obtained by setting proper threshatbe for NDVI andS . The results presented rig ii(€)
emphasizes all vegetation area is as shown below.

Edge detection using sobel operator is applieélfmve treeded image to get the edges of the toeensrand place
the edge detection image on original image to bet ttee crown delineation exactly is as shown itowe

Fig ii(f)& Fig ii(g)respectively.

By applying structural element and morphologicatmpperations we identify the number of tree croacturately
by removing the unwanted objects presented inrttagye is shown in belofvig ii(h) . The number of tree crowns

obtained by automatic delineation was 81 is shawthé belowFig ii(i).
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elements command window

Fig(ii): simulation resuits of tree crown delineation

The number of tree crowns obtained by automatimeation was 81 is shown in above figure. But titalthumber
of tree crowns obtained by manual delineation isS®, by using spectral indices method we obtaiB B2 of total
number of trees presented in the image.

Tree Crown Detection Assessment
In Fig iii(a) the number of tree crowns presented is 8 out ah@® in Fig iii(b) the number of tree crowns
presented is 3 out of 3. In the below two caseatteiracy of counting the tree crowns is 100%.
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(b)

Fig (III) Delineation of tree crowns

But, in the above case the accuracy showirig (ii) was 88.52%. Due to overlapping of tree crowns wetca
obtain 100% accuracy. This is the main drawbadkigmalgorithm. The results of applying our algiom to the two
images are illustrated frig (iii).

CONCLUSION

We presented in this paper a complete workflowximagt and count the number of tree crowns preseimdhe
urban vegetation structures from high resolutioages. The proposed approach is a hierarchical one.

The first step is the identification of all vegédat areas in the urban environment, using spesidites. Second
step is a finer level of analysis called edge d&rdo delineate the tree crowns and finally, tifgrthe number of
tree crowns presented in the image by using straicelement and morphological open operations. Jppectral
indices method gives accuracy up to 88.53% ofrisestpresented in the image.

The advantage of this method is shadow removalulBesbtained by this approach are very promiding,there is
a room for improvement on two aspects: where ther aetections and lawn detections (lawn is treatedree)
occur. The tree structure parameters such as tmeencshape and tree height are extracted to owrduvork
perspectives to separate the lawns from trees. iRecmt of 3D city modelling image reduce the cqicef
overlapping of tree crowns and it is separate lafno® tree crowns and gives the better resultsasad useful for
tree species classification.
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