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ABSTRACT :

This work is inclosed into the French-Spunish research project "CITRUS-ROBOT. The project con-

515ts on the design und elaburation of un uutonomous robot uble to pick up cutrus i nanural environments.

The research included in this paper ure reluted with the vision system of the robot. Using the images vb-
cained by a CCD monochrome cumera, the svstem will be able to localize the fruus, in order (v provide the

coordinates of each one (o the robot.

The main problem is the low contrast between the ligth mflected by oranges und leaves. Energetic cur-
ves of diffuse reflectance of fruits and leaves have been measured as a function of the frequency. The colo-

rimetric study has allowed the selecsion of certain interferometric filters that improve the recognition process.

KEYWORDS: robot vision, colorimetric analysis, image processing.

INTRODUCTION

The incorporation of new technologies to agricultural task has been traditionally
very difficult and the use of intelligent machines in this area is much more compli-
cated than in the majority of industrial environments. Therefore, the strong inter-

-

national rivalry in this sector. joined to the advances in digital technology. have ma-
de feasible the application of this kind of intelligent system. .

[n this trame, it was since 1987 that a research project named CITRUS-ROBOT
has been being developed. The goal of the project is the design and elaboration of
an citrus fruit harvesting autonomous robot. This project involves several groups orf
researchers in both, Spain and France. The research included in this puper are rela-
ted with it, and they rafer 10 some o. the problems associated with the vision system.

The design of an agricultural robot driven by a vision system tinds some particu-
lar problems of natural ambients. The main of these is the lighting. The only sour-
ce of light is the sun which sutfers from continuous variations depending of the time
of the day and the m¢ :eorological conditions.

Moreover, the work environment is hard to control. Devoted 1o soinve this pro-
blem researchs tend to obtain new methods of growing. Their opjective is to make
suitable the developing of the trees to the restrictions ot automation by stabiishing

Datterns orf evolution.

VISION PROCESS

The vision system must be able to localize the fruits in the scene und to indicate
their coordinates for their later automatic harvesting by the robot arm. The recog-
nition process is conditioned by two facts:

1) Complexity of the natural scenes to analyze.
Together to the lighting problem refered before, several aditionul problems uppear.
One of them is that the oranges are surrounded by a rundom buckground ot leaves
and branches which frequently produce a partial hiding ot truits. By the other side,

4
the uppearing of shadowed zones produced by the tree itselll and the possibility of

A seeing the sky through the tree, increase the variability ot light distribution on the
image.

~ ,

<

< £h

R S -

R ™ 5 o e 1y e ATV RRT~Poworey ST o




2) Necessity of reaching results in a limited time. 1 s Xy . .
A vision system applied to an automatic process needs certain nos&:o.zu. of effecti- , : e — o ) :
veness related to the process time. A commitment between the speed of calculus and 1 COLORIN
the precision of results must be established. . : . L ) i o
Due to the problems of ilumination described before, the conversion from a di-
The scheme of the whole vision process is shown: ¥ 3 gital monochrome image to a binary image by segmentation techniques gives satis-
factory results only if these techniques are applied over images with appropriate
B § lighting conditions, so is said, with uniform lighting conditions.

This only happens when the sky is cloudy or when the sun raises in a particular

- : position.with respect to the camera and to the surface of the tree where the robot is
filtering binary : working, A
, rocesses : ) . 5 s ; )
& SCSTIERIZLIY P < Knowing that the size of the secene taken by the sensor (4 CCD camera) is usu
. s about 80 x 60 cm. (3 1.5 x 23.6 in. aprox.), only fruits, ieaves und mayne a piece oL sy
acyuisition \ & selection g - -

will be seen in the imuyge. This suggest the necessity of churacterizing the elements

which form the image.

An analysis of diffuse reflectance orfruits and leaves as the main components ot
the scene has been done. As it is well known (WYS-82), a light with unitorm value
natural digital binary results 4 in a certain range of frequencies faling upon a surtace produces the absorption of a

| portion of the incident light and the reflection of the rest of the light. The color of
the surtace of an object depends on the energy retlected for each one of the frequen-
cies.

scene image image locations

It is possible to obtain two significant functions that characterize the color ofa
surface:

This paper has as central objective the achievement of un optimal digitalized o . -
image which must be the input for subsequent processes. This digital image isare- . ER () : spectral &mﬁvcﬁon E, the diffuse reflectunce:
presentation in gray levels of the light intensity of the scene, having applied some EA (Q) : spectral distribution of the absorved eneryy.

interferometric filters of certain frequencies.

Because this paper tocuses on the artiticial vision and purucularly on the Jetec-
The colorimetric analysis tries to determinate which of these filters must be used. tion of fruits in natural ambients, the knwoledge of the spectral distribution ot the
. diffuse reflectance of truits and leaves will be very usetul.

Accurate measurements of diffuse retlectance have been made in order to per-
form an statistical evaluation. This statistical analysis has us its objective the discri-
mination between the functions of truits ER(}) and the functions of leaves Ea(2).
i.e., the color discrimination.
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Measurements of retlectance of oranges have been tuken, each une correspon-
ding to a ditferent orange. A set of measurements has also been made over both ob-
verse and reverse ot the leaves.

Leaves of different ages were selected to eluborate these functions because the
color of young leaves is not the same than the color of the old ones; the former are
usually brighter. Although the function are similar. the young leaves exhibit an in-
creasing of the values of its diffuse retlected energy.

The following step was the achievement of the patern tunctions. To make this,
the average values of each function at a particular wavelenght was computed (see fi-
gure 1). This gave as u "esult the average spectral distribution function for both fruits

and oranges.

The average functions in adittion to their standard desviation are represented
together in a diagram (figure 2). [t can be noticed that the bands are overlapped at
some wavelenghts but are not at other wavelenghts. This implies the existence of
certain wavelenghts tor which the energetic spectral distribution ot truits and lea-
ves has very separated values.

The tunction DIF(2) detined as the substraction between the function of fruits
and leaves in the worst case (minimal absolute value) is drawn too. The absolute va-
lue of this function shows a maximum at two wavelenghts

680 nm. & 980 nm.

The first wavelenght corresponds to the visible band of the spectrum for which
the camera has greater sensibility than the latter corresponding to the infrared band.

These analysis have a great interest tor color vision because of the possibilities

they offer; but they are also very useful for vision in grey levels as it is shown in the
results.

RESULTS

A 080 nm interferometric tilter was used in the sensor, and the diaphragm was
modiried in order to obtain an appropriate runge ot srey levels.

The used filter is a band-pass filter around the central value. This implies that
the grey level in a point of the image depends, exclusively on the values of the ditfu-
se retlectance of the object at the wavelenght included in the band. The grey levels
of truits and leaves, with uniform illumination, correspond to the values of the dit-
fuse reflectance at the selected wavelenght in which the difference is shown to be
the greatest.

The experimental results contirm that the levels of truits and leaves are uit sep-
parate with the use of this filter, and this improves the segmentation process. As an
example of the results, figure 3 is shown.

However, the segmentation process by thresholding (selection of the brightest
pixels) finds two problems that must be solved in the binary image. The first is the
presence of bright points in the background. due 10 the retlection of the sunshine
on the leaves: the second problem is the case in which the image includes u piece of
sky in the border of the scene producing a bright region.

The rirst problem was solved by a later process consisting un morpnoloyical fil-
tering (SER-32) that removed isoiated white pixeis on a biack buackground. The se-
cond one was solved considering that a piece of sky appears hupituatly in the border
and it has a great perimeter. These characteristiques allow to uistinguish the pieces
of sky from the other elements.

CONCLUSIONS

It has been achievad a method for improvement of un input image in a vision
system working with characterized objects. The system will be able t obtain a bet-
ter segmentation of the images byusing an interterometric filter. [t is shown that the
best filter which can be used is a 680 nm. filter.

The colorimetric analysis is shown to be useful in both color vision and grey-le-
vel vision.'Results obtained from filtering are satisfactory and they can be used as
input dara in later processes.
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29-30 Margo 1990

Monte da Caparica, 29 de Margo de 1990

Caro Participante:

¢

A Comissio Organizadora do RecPad90 deseja-lhe as boas vindas, esperando que o programa
da Conferéncia corresponda as suas expectativas.

Cada Participante vaireceber: .

 Proceedings.

 Programa definitivo.

» Senhas para os almogos nos dias 29 e 30 de Margo de 1990.

» Senha para o jantar da Conferéncia (caso tenha feito a inscri¢@o) no dia 29 de Margo de
1990.

« Mapa do campus da Faculdade de Ciéncias e Tecnologia.

» Badge identificador.

A lista de Participantes poderd ser solicitada na sexta-feira, 30 de Margo de 1990.

A Comissdo Organizadora vai por & disposi¢do dos Participantés um autocarro que vai circular
com o seguinte trajecto e hordrio: ~

* Quinta-feira, 29 de Margo de 1990 : .
Trajecto FCT -> Marqués de Pombal, junto ao Parque Eduardo VII. Partida &s 17h15.
» Sexta-feira, 30 de Margo de 1990
Trajecto Marqués de Pombal, junto ao Parque Eduardo VII -> FCT. Partida as 8h45.
Trajecto FCT -> Marqués de Pombal, junto ao Parque Eduardo VII. Partida &s 17h15.

O autocarro pode ser identificado pelo simbolo da Universidade Nova de Lisboa.
Os Participantes poderdo também optar por outros tipos de transporte:

* Viatura prépria.

» Autocarro RN (direcgdo Costa da Caparica) com partida da Praga de Espanha (estagao
de metro Palhavd). Sair no cruzamento das Casas Velhas.

 Taxi.

Durante os dias da Conferéncia serdo servidos almogos assim como café durante os trabalhos.
Os cafés serdo servidos junto do local onde vai decorrer a Conferéncia. Os almogos decorrerdo
no novo edificio dos Servigos Sociais (ver mapa do campus).

O jantar da Conferéncia estd4 marcado para as 20h do dia 29 de Margo no hotel Holiday Inn
(Sala Vasco da Gama) em Lisboa (Avenida Anténio José de Almeida, junto ao Instituto

Secretariado RecPad %0
Departamento de Informética, FCT/UNL, 2825 MONTE DA CAPARICA, PORTUGAL
Tel.: (01)2954464 (ext. 0107) - Telefax: (01)2955641 - E-Mail: ceq@fctunl.rccn.pt



