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Abstract
The work presented in this paper is part of a system developed for fruit sorting.
The machine vision unit is part of a distributed control system in which several machine vision modules can be integrated with a control module and a user interface
unit. The machine vision unit is an embedded module based on a Pentium-III processor with an image acquisition card, with no user interface. Each machine vision
module can process two lines at the time. The system allows fruit size and colour
sorting in RGB and IR at 15 fruits/second using the aforementioned hardware.
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1. Introduction
Fruit and vegetables market is getting highly selective, requiring their suppliers to distribute the goods according to high standards of quality and presentation. In the last years,
a number of fruit sorting and grading systems have appeared to fulfil the needs of the fruit
processing industry. Present sorting systems tend to include the development of an electronic weight system and a vision-based sorting and grading unit which also measures
size, with a friendly user interface that enables definition of classification parameters,
reconfiguration of the outputs and maintenance of production statistics.
Some commercially available systems are approaching this objective, but prices are
becoming almost prohibitive for small and medium companies which try to maintain
competitive levels. Most of the systems we can find in the market are based on special
architectures, for instance, DSP-based processors boards, hardware implementation of
special purpose algorithm, VME architectures, etc.
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This is the case of many Spanish fruit packing companies which are usually small and
agriculture products are price-sensitive and suffer from a hard competitive market like the
European Union market. The work we are presenting in this paper is the result of a project partially funded by an agricultural machinery company, Maxfrut S.L., with the participation of an electronics designer and manufacturer company, Dismuntel SAL, the
Digital Signal Processing Group at the University of Valencia and the Computer Vision
Group at the University Jaume I in Spain. Previous work done by the same team [1] was
directed to integrate existing control and weight systems, but they were limited by the
capabilities of that system, trying to reduce costs by using special purpose image acquisition devices [2], designed for the project.
Thus, the idea was to build a new system integrating in a flexible way all parts (mechanics, control, weight and vision) of a fruit sorter. From the very beginning there was
the criterion that the system should be conceived as an open platform ready to evolve and
incorporate, without major changes, new requirements from the customers or simply an
upgrade of any of its modules to avoid the obsolescence of its design or components.
The knowledge in the computer vision field has made a significant progress in the last
years and hardware improves very fast providing powerful electronics and low cost architectures due to its standardisation and use for many purposes. Therefore, one of the
objectives of the project was to develop a system using standard hardware when possible,
which is the basis of a low cost architecture, trying to meet the requirements of the system, mainly in speed and accuracy of the measurements.
The result of this work has been a system that is able to control up to 10 lanes, but not
limited to, classifying fruits according to their weight, size and colour and distributing the
fruits in different outputs at a maximum speed of 15 fruits per second approximately. The
speed limitation of the system, in the case of the vision module, is imposed by the constraints of the standard image acquisition devices used.

2. System overview
As it has been pointed out in the previous section, the complete system is a flexible
modular system consisting of:
1) a central control unit.
2) a user interface and storage unit.
3) a set of weight modules.
4) a set of vision modules.
5) a set of output control units.
The central control manages all the information about devices and sensors. It also
manages the encoder and generate synchronisation signals to the weight, vision and out-

put modules. It controls the speed of the conveyor belt and gather information from all
the other modules during the fruit sorting process, like weight measurements, colour and
size estimations, error messages, configuration messages, etc.
The control unit is linked with all other modules through a CAN (Control Area Network) bus which allows real time communication for control purposes. All real time information is sent across this bus, like synchronisation signals, classification results, control orders to sensors and devices, etc. CAN interfaces for PC-based and embedded systems have been developed in the project by the electronics company.
The control unit is also connected via LAN (Local Area Network) to the user interface module and the vision modules. All messages which do not have to meet real time
requirements are sent through the LAN using an ethernet protocol.

3. Machine vision module
Each machine vision module is in charge of inspecting visually the fruits, estimating their
size and classifying them according to their colour properties. Each vision module is able
to inspect two lines at the same time and it is an embedded system based on a PC architecture without user interface and controlled through the CAN and LAN by the central
control unit and the user interface module.
The vision module is composed by a PC-based motherboard with a Pentium III processor and a commercial image acquisition card. This is configured as an embedded system with no display and input devices, running the software previously stored in a flash
memory card. The application software of the vision module runs under DOS operating
system, using a DOS extender to work in protected mode.
The colour and IR cameras are also commercial cameras which provide non interlaced video output and asynchronous reset facility. The cameras are also provided with a
progressive scan method to avoid image blurring due to high speed movement of objects.
Processing results are sent through the CAN bus to the control unit. While the vision
system is in on-line state, the system is also listening to the LAN network and can receive
messages from the user interface and control unit.

3.2. Image analysis process.
Image acquisition
Fruits on the line are singulated and rotated by transport rollers (Figure 1). When a new
fruit enters the illumination chamber, a synch signal from the control unit through the

CAN bus warns the vision module to send a trigger signal to the camera and an acquisition request for the frame-grabber.
The illumination chamber has been designed in order to provide diffuse illumination
over the fruit surfaces, with the aim of avoiding highlights and specular reflections. This
is achieved by illuminating indirectly the fruits, getting the light beams reflected on the
chamber walls, coated with a mate white. The walls of the illumination chamber have a
semi-circular shape in order to provide light beams on the fruit surfaces from as many
directions as possible, simulating diffuse illumination (Figure 1).
Lamps covers the range of visible and near IR spectrum and the cameras are provided
with their corresponding filters to acquire RGB and IR images. In the case of the IR filter,
the camera is provided with a high pass filter at 700 nm.

Figure 1. View of the acquisition chamber of the machine vision module
Fruit location
Because of the synchronized image acquisition process, in every image fruits are located approximately at the same place with respect to the image coordinates, but they
have to be singulated in the image, since they may touch each other and have different
sizes. To identify and singulate every fruit, an algorithm based on projections is used.
After the image is segmented, a projection histogram is calculated on the abcisa axis,
that is, along the movement direction. Due to the fact that most of fruits are approximately round shape, their projection usually show a modal shape, and the projection of all
fruits in the line appears as the intersection of several modal shapes with their corre-

sponding maxima and minima. The algorithm developed looks for minima in the projection histogram which correspond to the fruit limits along the abcisa axis.
Colour processing
Image analysis begins with colour segmentation by means of a LUT (Look Up Table).
The colour LUT for image segmentation is built previously to the image processing step
using the colour map defined by the user. We have chosen the RGB representation,
mainly because the camera provides images in this representation, although data is further
processed and transformed into an adequate format to simplify its interpretation.
Although the illumination is controlled, changes on the illumination level at different
points of the fruit surface arise from the geometry of the light reaching the imaging device [3]. One of the objectives in the segmentation step is to avoid the problems caused
by highlights on the fruit surface. To avoid the information provided by highlights we
would have to use either some colour representation regardless of the illuminant [4] or
any other representation which allows identify and characterize them. We adopted a
scheme based on characterising the highlights using spherical coordinates representation
of RGB space [5] assuming the dichromatic reflection model [6]. The user can either
define clusters in this chromatic space or perform a clustering algorithm on a sample image providing the number of colour clusters. The clustering, in this case, is done on the
RGB space using a C-means algorithm [7].
Size estimation
Size parameters for fruits are usually given in terms of their maximum, minimum or average diameters. To calculate the maximum and minimum diameters of a fruit, they are
approximated by the maximum diameters projected on the principal axes of the fruit image. Size in pixel units is transformed to millimeters through the calibration factors
worked out in the calibration step during the system configuration.

3.3. Size and colour classification
Once fruits are singulated and located in the image, two types of information is used to
classify them, their size and their colour. The area of each colour label defined by the user
is calculated on the fruit surface, and ratios of every colour label with respect to the total
area of the fruit are also calculated. The information for each fruit is stored and, after
processing up to four views for every fruit, a decision about its class is worked out and
sent to the control unit via CAN interface.
In order to discard surface areas of the fruit which may have been seen twice or more
times, repeated views of the same surface patch are estimated by approximating the rotation undergone for each fruit. The repeated area of the surface of the fruits are calculated
modelling the fruit as a sphere, taking its radius as the transversal radius calculated from

the fruit image. Knowing the translation suffered by the conveyor from image to image,
the angle rotated by fruit with respect to the previous view can be estimated.
To classify each fruit into the classes defined by the user, some classification rules are
applied which are derived from an approximation of the classification rules provided by a
binary decision tree. The decision tree uses the ratios of colours defined by the user as
feature vectors. Decision trees are generated from a learning process using Murthy’s approach [8]. Tree rules are simplified as logical ands of rules for each colour ratio ci of the
form ri<ci<Ri, being ri and Ri the upper and lower bounding constants derived from the
tree learning process.

Figure 2. Colour map editor of the graphical user interface.

3.4 User interface
A graphical user interface with an icon-direct manipulation-based style (Figure 2) allows
to handle all the options of the system such as the initial set up, monitoring statistics and
classification parameters configuration. The simplicity and usability of the interface
makes it easy enough to be used for non technical operators. The parts of the user interface concerning the vision module are:
•

Colour map editor (Figure 2). It allows to define the colour labels and the clusters
assigned in the colour space to each colour label.

•

Colour class editor. To define the colour classification rules.

•

Colour calibration. In order to make that colour measurements of all vision modules in the system are the same for the same objects in the same conditions, the
cameras of each vision module are calibrated and a set of colour parameters to
correct the colour measures of each camera are calculated. These parameters correspond to a linear model of the colour camera measurements.

•

Camera and size calibration. To calculate the ratio between pixels in the image
and millimetres the calibration uses a calibration grid and a calibration object to
calculate this relation. The calibration grid also helps to set the image plane parallel to the object plane.

4. Performance of the system
The maximum number of colour labels is at present fixed to eight, and the maximum
colour classes are 12, which covers the most types of fruits and vegetables of the market
in Spain. The system performance has been compared with human criteria and no significant disagreement has been found between human and machine decisions in colour classification. Noteworthy is the case of fruits that can be assigned to two different classes:
human decisions often vary, nevertheless the machine vision rarely changes its decision.
Concerning the computation time required for the standard classification, and using a
PC-based motherboard with a Pentium II at 450 MHz, the system can process up to 15
fruits/second and line, inspecting two lines at the time. Image processing speed is limited
to the image acquisition card and cameras used, due to video signal standard specifications. To increase image processing rate, non standard colour cameras or digital camera
with high frame rate should be used, but present mechanical specifications of rolling
chains and transport lines are not designed to support much higher speeds.
The machine vision module has been tested with satisfactory results in several facilities in Spain grading tomatoes, apples, pears, oranges, peaches, etc. Previous versions of
the system [2] have been also working, with satisfactory results for long periods of time.
Size calculation accuracy depends on the camera set-up. Typical camera set-ups (6
mm focal length and 70 cm distance from the camera to the transport lines) in the fruit
sorting system developed can provide 1 mm error approximately.

5.Conclusions and future trends
We have presented a fruit grading machine vision system for colour and size classification which is being commercialised in Spain. The vision system is part of a modular fruit

grading system that integrates mechanics, control unit, user interface, weight cells and
output control units, all linked with a real time CAN based network and a LAN for non
real time communications. The system can process up to 15 fruits per second and sort
them according to its weight, size and colour.
The vision module uses a low cost architecture. The architecture consists of a PCbased embedded system with a commercial image acquisition card and which makes the
cost of the system really competitive with respect to existing systems in the market.
The modularity and distributed nature of the approach makes the system easy to be
upgraded in the future, although at present it covers most Spanish fruit-market requirements of the small and medium fruit packing plants.
Processing speed achieved is considered enough for the existing mechanics of the
transport lines and present packing houses facilities. Future work is directed to add other
fruit inspection capabilities, like detection of specific features on the fruit surface which
need more specific image processing techniques, in order to increase quality standards.

References
[1] J. Calpe, D. Gallego, J.M. Mateos, Video Image-Grabber board for P.C. VI Spanish
Symposium on Pattern Recognition and Image Analysis. Córdoba, April, 1995.
[2] J. Calpe, F. Pla, Monfort, J., Diaz, P. and J.C., Boada. Robust Low Cost Vision
System for Fruit Grading. 8th Mediterranean Electrotechnical Conference, Bari, pp.
1710-1713, 1996.
[3] G.J. Klinder, S.A. Shafer, T. Kanade, The Measurement of Highlights in Color Images. Int. J. Computer Vision, (2):7-32, 1988.
[4] R. Gershon, The Use of Color in Computational Vision. Ph. D. Thesis, Department
of Computer Science, University of Toronto, 1987.
[5] F. Pla, F. Juste, F. Ferri, M. Vicens, Colour Segmentation Based on a Light Reflection Model to Locate Citrus Fruits for Robotic Harvesting. Computers and Electronics in Agriculture, (9):53-70, 1993.
[6] S.A. Shafer, Using Color to Separate Reflection Components. Color Research and
Applications, 10(4):210-218, 1985.
[7] Duda, R. O. and Hart, P. E., Pattern Classification and Scene Analysis, John Wiley
& Sons, 1973.
[8] Murthy, S. K; Kasif, S. And Salzberg, S.; A System for Induction of Oblique Decision Trees, Journal of Artificial Intelligence Research, (2):1-32, 1994.

