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Diagnosis and grading of wheat grain initial quality by a
computerised decision support system

Amadou ndiaye and Francis Fleurat-Lessard!

Abstract

This paper describes the qualitative reasoning used to assess
the mmtial quality of grain The main problem was the
representation of a heterogeneous knowledge 1n the same
homogeneous calculus space, and the development of
reasoning methods to handle a formal knowledge base on
wheat, malting barley, maize or any other cereal gram.
This modifiability implies a user mnterface with a separation
of the static description of the nterface (corresponding to
the knowledge base) from the interface engme which
interprets the static description A prototype of knowledge
based system, QualiS, was built up on Windows platform.

Introduction

In these last ten years, there have been a great interest on
using the knowledge based systems to assist the management
of stored grain. Several pest control systems have been
developed to support the control of stored grain pests
(insects and mutes) (Fhnn et al., 1990), (Wilkin et al ,
1991), (Longstaff et al., 1994), (Pasqual & Mansfield,
1988), (Jones et al., 1993). Today, current research
focuses on preservation and grading of gramn 1mtial quality
(Ndiaye & Fleurat-Lessard, 1994).

Gramn quality preservation has traditionally been
performed by store-keepers who rely on measurements and
observations on gram and its milling products, and on
implicit  knowledge gained through scientific results,
common sense and job experience. Each store-keeper uses
his own method to evaluate and grade the mitial quality.
Grain quality preservation implies both a correct assessment
of gramn imtial quality and of 1its final use The mamn
difficulty encountered in rapid grading hes m the accurate
evaluation of the gran mtial quality ( Wrigley et al.,
1994), (Maer, 1995) One of the most commonly used
method 1s grading according to gramn variety (Morris &
Raykowski, 1994). But 1t can happen that the properties of
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a variety of wheat may change from one farming area to
another and from one year of harvest to another

We have defined a qualitative model to assess grain wheat
mutial quality based on the measurements and observations of
the grain standard characterlst}cs In this paper, we present
the qualitative representation and reasonmng on the
heterogeneous knowledge on grain preservation during
storage. The knowledge base system QualkS 1s also
described.

The initial quality of grain

The imitial quality of gramn 1s a new an complex concept,
there 1s no model for its quantification In the literature,
models of quality changes during storage relating the
maximum safe storage period or loss of dry matter to the
temperature and moisture content or carbon dioxide
production are proposed The mam characteristics of the
grain quality studied were the loss of germinative vigour
(Bason et al , 1993; Favier and Woods, 1993), moulds
growth (Fraser and Muir, 1981; Armitage, 1986; Latif and
Lissik, 1986), and insect pests dynamics which are specific
qualities characteristics. The germinative vigour 1s a
technological characteristic, and the mould growth and the
msect pests dynamics are sanitary & safety characteristics.
Netther all the characteristics of the quality of grain nor
therr interactions have been modelled: for example the
mfluence of the protein content on the grain quality 1s not
modelled

The quality of graimn 1s generally defined as the switability
for the end-use of the grain: “the word ‘quality’ means
surtability for the specific process or utilisation for which 1t’s
destined” (Wrigley et al , 1994). To establish a sound
qualitative or quantitative model of the quality of grain, 1t 1s
necessary to distinguish the quality to the end-use Each
utihsation mplies a given quality of gram. This required
quality must be available at the time of utilisation to make 1t
possible. Therefore, to preserve the stored grain quality
compared to 1ts possible end-uses, 1t 1s imperative to
determine before the storage what 1s the grain initial quality
and grade 1n function with the grain characteristics

The baking wheat characteristics

Store-keepers are used to evaluating the grain quality
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through measurements and observations on gramn and its
milling products. Measurements are numeric values from
standard tests ( temperature, moisture content, protein
content, «++* ) and observations are linguistic values from
sensorial tests (colour and smell) or are given by the gram
producer (variety, area of production and year of the
harvest). We have distingmshed seven meaningful variables
groups and determined five relevant calculated variables
used to represent the four main specific qualities and the
global quality of grain:

* Grain identity variables group: the variety of the gramn,
its area of production and the year of harvest are given as
lingwstic values by the producer to the store-keeper.

* Gram aspect variables group: the colour and smell of
grains are sensorial tests done by the store-keeper, the
results of which are linguistic values. These tests could be
done automatically by image analysis.

* Environment factors varables group: the relative
humudity of the air and temperature of gramn, and the
carbon dioxide release rate in the grain environment are
more or less easily measured by the store-keeper, the
results of which are numeric values.

* Intrinsic & physico-chemical characteristics variables
group: the moisture content, specific weight and impurity
rate of grains, and the weight of 1000 grains are measured
by the store-keeper, the results of which are numeric
values

* Samitary & safety characteristics variables group: the
presence of insects (wisible living and dead forms, and
hidden forms) or mutes and the proliferation of micro-
organisms in grain, the mycotoxins and the pesticide
residues on the gramn, and the heavy metals and
radioactivity n the grain can be assessed by the store-
keeper or a specialised laboratory, the results of which are
numeric values.

Technological characteristics variables group: the protein

content, baking quality of wheat and rye flours (baking

index W and extensibility index of bread dough P/L),

enzymatic activity, quality of the starch, germunation

vigour and grain hardness can be measured by the store-
keeper or a muller, the results of which are numeric
values.

* Nutritional characteristics variables group: the quality of
lipids, digestibility of proteins, and nutritional value can
be measured using specialised instruments by the store-
keeper or a feed plant laboratory, the results of which are
numeric values.

* Global quality characteristics variables group: the intrmsic
& physico-chemical quality, sanitary & safety quality,
technological quahity and nutritional quality are the specific
qualities, and the grain quality can be associated by the
store-keeper as qualitative values.

These variables are heterogeneous considering the units of

measurements (seconds, kh™!/hl, %, etc.) and the types
of values (numerical or ingwstic). They were interrelated
by cause-effects relations.

The causal relations between the variables

Two causal relations between variables have been
distinguished: 1nfluences and gives-information-on (Steyer
etal., 1993):

The X mfluences Y relation has been used to indicate that
X 1s one of the causes of the Y state. The relation between
the moisture content and the ntrinsic & physico-chemical
conditions of baking wheat will give an illustration of the
influences relation: baking wheat with a moisture content
above 15% wall be of an average or bad intrinsic & physico-
chemucal conditions (because the grain is too humid and has
a great risk to be damaged during the storage period).
Moisture content 1s a cause for bad mtrinsic & physico-
chemucal conditions of baking wheat.

The X gives-information-on Y relation has been used to
indicate that the state of X gives a qualitative information on
the state of Y. For example, a cv. Soissons wheat,
harvested 1n the area of Orlans 1n France, in 1994 belongs to
the grade superior baking wheat averaging a protein content
of 11.7% , a Zeleny index (quality of the starch) of 35 ml, a
Hagberg falling number (enzymatic activity) of 362
seconds, a baking index W of 227 and a extensibility mndex of
bread dough P/L of 0.57. These average measurements are
given each year after a ‘Cereal Quality’ survey made by
ONIC and ITCF? 1n every French area of production and on
all varieties with a significant tonnage. The results of this
survey are available as early as October for July/August
harvest. A prediction of cereal characteristics based on the
knowledge on the area of production, the year of the harvest
and the variety of the cereal, will cover the period from
harvest time to the publication of the results of the survey.
This example illustrates a gives-information-on relation
linking the grain identity to the technological
characteristics.

The qualitative reasoning to assess
the grain initial quality

The qualitative reasoming is based on the theory of
Qualitative Physics whose about 20 years old field of
Artificial Intelligence (Hayes, 1979) The Qualitative
Physics enable us to cope with incompletely known dynamic
system using heterogeneous data and the reasoning on these
data does not necessary require the use of quantitative

2 ONIC (Office National Interprofessionnel des Cles) and ITCF
(Institut Techmque des Cles et Fourrages) are national organisations
for grain production and quality
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relations. The qualitative approach completes the
quantitative one by allowing the modelling of human experts

qualitative knowledge, but does not intend to replace it in a
well-known numerical problem space

Table 1. List of the relevant variables in the space of the quality of baking wheat.

Meaningful group Variable Abbreviation Value from
Gran 1dentity variety Va Observation
area-of-production AP Observation
year-of-the-harvest YH Observation
Grain aspect colour C Observation
smell S Observation
Environment factors relative-humidity RH Measurement
temperature 0 Measurement
carbon-dioxide-rate CO, Measurement
Intrinsic & mossture-content MC Measurement
physico-chemucal specific-weight SW Measurement
characteristics mmpurity-rate ImpR Measurement
weight-of-1000-grains W1000 Measurement
Sanitary & safety visible-living-form-of-1nsects LF Measurement
characteristics visible-dead-form-of-nsects DF Measurement
hidden-form-of-1nsects HF Measurement
presence-of-1nsects Plns Calculation
ergosterol-content EC Measurement
proliferation-of-micro-organisms PmO Calculation
mycotoxins- MT Measurement
pesticide-residues PR Measurement
presence-of-mites PMit Measurement
heavy-metals HM Measurement
radioactivity Rad Measurement
Technological baking-index W Measurement
characteristics extensibility-index-of-bread-dough P/L Measurement
baking-quality BQ Calculation
protein-content PC Measurement
enzymatic-activity EA Measurement
germination-vigour GV Measurement
quality-of-the-starch QS Measurement
gram-hardness GH Measurement
Nutritional nutritional-value NV Measurement
characteristics digestibihity-of-proteins DP Measurement
quality-of-lipids QL Measurement
Global quality intrinsic-and- physico-chemical-quality Qipc Calculation
characteristics sanitary-and-safety -quality Qss Calculation
technological-quality Qt Calculation
nutritional-quality Qn Calculation
grain-quality Q Calculation

The problems we ntended to solve were:

1 to integrate m the same calculus space all the
characteristics of gramn, the pertinent variables. This
problem 1includes the choice of an appropriate

1925
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scientific results, common sense and Job experience.

3. to build up a modifiable knowledge base system to be
used 1n different environments: a silo where the
nutritional characteristics are not taken into account,
and a silo where they are; or a silo where they have an
instrument to measure the wheat baking quality and
another where they have not etc. . .

Qualitative modelling

A static causal graph has been developed as the structural
model of the causal relationships between the variables It
was an oriented graph where the nodes were the variables —
the measurements, the observations and the calculations — ,
and the oriented links (arcs) were therr relationships
(Figure 1).

The qualitative representatives of measurements and
observations, and the calculations were defined in the same
discreet qualities space Work done on qualitative
reasoning, and particularly the Dual formalism developed by
Guerrin (1995), seemed particularly efficient to represent
the qualities space Applying this formalism, it became
possible:

* to define the qualitative representatives of measurements
and observations, and the calculations mto the same

qualities space
+ to determine the computing operators on this qualities

space
- to define a vocabulary to describe the grain conditions.

he qualities space

Each variable was defined into a specified validity domain
Here, for every variable of any type, its validity domain
could be divided mnto a maxmum of seven intervals of
values, representing the relevant qualitative differences
For example the moisture content (mc) 1s defined between 8
and 22% : if mc <<12% the gran 1s very very dry, if 12 <
mc <<13% the gran 1s very dry, if 13 <mc <<14% the
grain 1s dry, if 14 <mc <{15% the grain 1s normal, 1if 15 <
mc <<16% the grain 1s humid and if 16% <mc the grain 1s
very humid and could not be preserved 1n this condition.

The qualities space QS composed by seven symbolic
elements {wvl, vl, 1, m, h, vh, voh!| were used to
represent the significant intervals of values of each variable
(Table 2). The elements were ordered — vvl < vl < [ <
m < h < vh < wvoh — and elementary operators were
defined (Guerrin, 1995) The qualities space allows us to
manipulate in the same space variables with very different
interpretations and semantics; this property 1s very
important for our purpose
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AP  Area of production LF Visible living form of msects Qss Samitary & safety quality
BQ baking quality MC Moisture Content Qt Technological quality
C  Colour of gramns MT Mycotoxins QL Quality of hipids
CO, Carbon dioxide rate NV Nutritional value QS Quality of the starch
DF Visible dead form of sects P/L Extensihily index of bread dough Rad Radioactivity
DP Digestibility of proteins PC Protein content RH Relative humudity
EA Ezymatic activity Plns Presence of nsects S Smell of grans
GH Gram hardness PMit Presence of mites SW Specific weight
GV Germination vigour PmO Proliferation of micro-organisms Va Variety
HF Hidden form of msects PR Pesticide residues W Bakig mndex
HM Heavy metals Q Gram quality W1000 Weight of 1000 grams
Qipc Intrmsic & physico-chemical quality YH Year of the harvest

Fig.1. Causal graphs of variables: (0) represents the causal relations of the mearungful groups, and the (1) to (8) represent the
causal relations of the variables of each meaningful group

Table 2. The qualities space QS.

The computing operators

The operators which allow combination of human-experts

Qualities Examples of mterpretation
Vvh very very igh  excellent very cold
Vh very high very good cold
H high good fresh
M medium average normal
L low mediocre half-warm
Vi very low bad warm

Vvl very very low  very bad

very warm  too humid

knowledge i the qualities spaces were defined. These

ver?r very dry operators were built up as ad hoc decision tables. They
Vezyrydry enabled us to put into words the projection laws for
measurements and observations into the quality spaces, and

normal
humd the combination laws within these spaces. These laws were
—— assoclated with weighing factors ranging from zero to one

(Tables 3 and 4).

Table 3. Example of projection tables q-sw and g-mc of respectively the specific weight measurement (sw) and moisture
content measurement (mc) 1nto the qualities space QS

Specific weight Moisture content
(kg /HI) (%)
Qualitative Weighing Qualitative Weighing
o value factor Rt value factor
sw=80 H 09 mc << 12 vvh 0.95
80 > sw =175 M 0.9 12 < me < 13 vh 0.95
75 > sw L 0.9 13 < me< 14 h 0.95
14 < mc< 15 m 0.95
15<me< 16 1 0.95
16 < mc vl 0.95
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Table 4. Example of combination table (sw-mc) of specific weight (SW) and moisture content (MC) of baking wheat into the

qualities space QS; and its associated weighing factors.

MC
SW-IC vi L m h vh wvh
1 vwl L 1 vl vl vl
SW m wl M m m 1 1
h wli H wvh h m 1

The wocabulary to describe the grain conditions

To describe the grain conditions we used a simple
vocabulary, close to the one of store-keepers. It allows us to
manipulate concepts such as ‘this grain is heated’, °this
grain is not sound’ or ‘this grain is too humid’ etc. ... (see
Table 5).

Table 5. Example of vocabulary to describe the grain

conditions.
MC
sw-mec (vl 1 m h vh wvh
| wl |1 1 vl vl vl
SwW m |wljm m m
h vwljh wvh h m

l Grain heated

Grain moderately heated

In spite of its simple graphical representation, the causal
graph is a powerful tool for modelling a complex and
modifiable system. The stored grain ecosystem is a complex
system where several variables interact and influence the
grain quality. In this domain, it happens that new
instruments are developed in order to measure new
characteristics improving decision making for grain quality
diagnosis. In this case it would be very easy to add a new
node in the causal graph; and if one test is not longer used,
it will be easy to retract a node from the graph.

Qualitative reasoning

We established the abstract operations to describe
functionally the causal relations between the variables, a
method to propagate the weighing factors from the human
experts in the causal graph determined, and a nonmonotonic
reasoning to handle the modification of the value of
measurements and observations.

The abstract operations

The determination of abstract operations was based on the
distinctive features of meaningful groups and the nodes and
links of the causal graph.

MC

vl 1 m h

1 0.8 0.9 1 1
SW m 1 1 1 0.8 1 0.9
1

vh wvvh

Meaningful groups: we distinguish the meaningful groups
which only give information on other meaningful groups
(Grain aspect and Grain identity), the meaningful groups
which influence the future of the grain quality (Environment
factors), and the meaningful groups concerning the grain
conditions or characteristics ( Intrinsic & physico-chemical
conditions, Sanitary & safety characteristics, Technological
characteristics, Nutritional characteristics and Global quality
characteristics) :

« The variables included in the groups Grain aspect and
Grain identity were only used to supply the lack of
measurements of variables on which they give
information. For example, if we could not measure the
ergosterol content to induce the qualitative proliferation of
micro-organisms, the colour and smell of grain should be
used to deduce less precisely the qualitative proliferation
of micro-organisms.

+ The variables included in the group Environment factors
were used to predict the risk of grain damaged by the
micro-organism proliferation, insect pests dynamics,
germination, etc.

« The variables included in the groups Intrinsic & physico-
chemical conditions, Sanitary & safety characteristics,
Technological characteristics, Nutritional characteristics
and Global quality characteristics were used to calculate
initial quality of grain.

Nodes and links: we distinguish the nodes without
predecessor (leave nodes) to the nodes with predecessor.
The types of nodes are: measurement (mes-X), observation
{obs-X), and calculation X. There are two types of links:
influences and gives-information-on. The criteria of our
reasoning on a node were the number and the types of its
predecessors and the types of links.

From these criteria and the distinctive features we defined
six abstract operations to calculate the qualitative value of
each node: Projection, Induction, Deduction, Reduction,
Prediction and Critic. They took one argument (Projection
and Induction), two arguments (Reduction), or either one
or two arguments (Deduction, Prediction and Critic). An
abstract operation was a relation between one or two nodes
(the inputs), a node to be calculated (the output), and an
operator to be executed in order to get the value of the node
to be calculated.

+ a Projection was a one argument operation which declares
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a projection of a measurement or observation in the
qualities space; its mnput was a leave node, and its output
was a calculation.
an Induction was a one argument operation which declared
an induction of a calculation node from another calculation
node. The relation between the proliferation of mucro-
organisms (PmQ) and the ergosterol content (EC) in the
Sanitary & safety characteristics meaningful group (figure
1 (5)) illustrate an Induction: EC which 1s influenced by
PmO is measured to have information on PmO
a Reduction was a two argument operation which declared
a reduction of two calculation nodes 1nto another
calculation node. For example, the baking quality (BQ) is
a reduction the baking index (W) and the extensibility
index of bread dough (P/L).
+ a Prediction was a two argument operation which declared
a prediction of a calculation node from two other nodes.
The risk of proliferation of micro-organisms (PmQ) 1s
predicted from the temperature of gram (q) and the
relative humidity of air (rh).
a Deduction was a one or two argument operation which
declared a deduction of a calculation node from one or two
other calculation nodes. The hidden form of msects (HF)
could be deduced from the visible living form of insects
(LF) and the visible dead form of insects (DF)
+a Critic was a one or two argument operation which
declared a improbability of the value of one calculation
node at a given moment or an inconsistency between two

.

DF Visible dead forms of nsects

EC Ergosterol content

Q gram mitial Quality
Qipc mtrinsic & physico-
chermical Quality

Abstract operation
X Operation —»|R Reduction
Xx-yy operator | Induction

P Projection

Fig.2.

HF Hidden forms of msects

Abstract object IR Impurnty rate

-m XX measure/observation xx LF Visible living forms of msects
)6( l MC Moisture content

° quatity xx Pl Presence of insects

PM Presence of micro-organisms

|
3 @ o

calculation nodes. For example, if the ergosterol content

(EC) 1s high and the moisture content (MC) normal, the

grain might have been dried before.

The operations were used to represent in the knowledge
base the causal relations between the variables (Figure 2)
and to indicate how to use the computing operators. The
operations were meta-rules which indicated how to generate
new knowledge from raw data and results: they were used
to represent in the knowledge base the causal relations
between the variables and to indicate when to use the
computing operators (Figures 2 and 3).

Propagatwon of uncertainty

In this situation of an expert domamn, events were not
necessarily repeatable, and the exact mathematical form for
the uncertainty and the relative frequency of errors were
unknown. The human expert had given weight factors to his
decision rules in associating them with a subjective
probability which came from his own expertise. The
weighing factors associated within the computing operators
were propagated through the calculus space to determine the
certainty factor of each calculation node (Ndiaye et al.,
1997) using the following formula:

CF = C X WF
with CF the certainty factor to compute, WF the weighing
factor of the operator to be executed, C the confidence level
linked to the likelihood of an event, symbolised by the
presence of one or several objects in the system status

9.'

space:

Qss samtary & safety Quality
Qt technological Quality

SW  Specific weight

VF Visible forms of msects

W bread making quality

ZI Zeleny mdex
o]

9

2 ®

A simphfied 1mitial quality assessment process for baking wheat
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(projection
measure temperature
quality temperature
q-t)

(reduction
quality moisture-content
quality specific-weight

quality moisture-content-specific-weight

SW-mc¢)

Fig.3.

B [ 1 f N=0

C=
f(CFy, .,CF,) else {N>0}

Cf, the certanty factor associated to the ¥ node used as an
argument of the operation to be applied, N the total number
of arguments of the operation to be applied associated to a
certainty factor, f was a function that combined the CF,,
and defined 1n function of the pair (operation, type of the
node to compute).
A nonmonotonic reasoning

A nonmonotonic reasoning was necessary to allow the user
to simulate the decrease or increase of the measurement
values (temperature, moisture content, ergosterol content,
etc. ). Every modification of the value of a measurement
modifies the value of every node directly or indirectly
mfluenced; and consequently modifies the assessment of the
quality of grain (Ndiaye 1998).

QualiS: a prototype of a modifiable
knowledge base system

QuallS 1s an on-gomng expert system project for the
preservation of gramn imtial quality during the storage
period QualiS was structured mn three mamn parts: a
modifiable user interface, a knowledge base and an inference
engine. This structure allows us to build up a modifiable
knowledge base system to be used in different silo
environments. The graphical user interface allowed the user
to 1gnore totally the reasoning engmne language, and to
exchange intwtively with 1t (Pon, 1997). The knowledge
base contained the facts and rules representing the human
experts knowledge: the variables of the grain quality domain
(nodes of the causal graph), qualities spaces, operators,
weighing factors and defined vocabulary are facts; the
operations, the models to propagate the weighing factors are
rules. The inference engine integrated the formal
procedures and functions to compute the knowledge.

The modifiable graphical user interface

The graphical user interface has been implemented in

~* type of operation *
“* input *
sk output */

/* the operator to be used *

/* type of operation */
* input] */
/% Input?2 %/
sk output */

,* the operator to be used *

Projection of the measured temperature and Reduction of moisture content and specific weight

Allegro Common Lisp (Steele 1990) For easy learning and
using by a non computer specialist, this interface used
Windows standard controls, as buttons, lists, etc. (Figure
4). These controls were organised following the classical
style of Windows applications. This mnterface could be
completely controlled with the mouse, and many ergonomic
details made 1t easier to use: as spin-boxes to help entering
numbers, help tooltips indicating the meaning of every
graphical object, etc.

As the system may be changed, to follow the progress in
measuring tools and techniques, or to work with another
type of cereal grain, the graphical user interface had to be
built up in order to facilitate the software setting up. The
description for the windows and data was loaded at run time.
This description was divided in two parts: the static part
(the description in a specific language of the windows and
therr contained objects) and the dynamic part (the dynamic
relations between the objects).

The static part: described all the objects involved: the
displayable graphical objects (the windows, buttons as OK
button for example, the spin-boxes to assist the
measurements entry, spin-check-boxes® for the data entry of
non necessarily available measurements as the ergosterol
content, etc ) and the static relations between graphical
objects (contamn and to-align) Every graphical object was
well defined as an ohject representative of a data entry or an
only displayable object. The description of each graphical
object was completed by the corresponding raw data type
( measurement, observation or nul if 1t was an only
displayable object) and by a help tooltip (Ndiaye et al.,
1998).

3A spn-check-box 1s a spin-box assoctated to a check-box: if the check-

box 1s checked 1t means ‘I have got the value” then the spm-box 1s
made enable, otherwise spin-box 1s made disable; and then the push-
button, associated to the window for the data entry of observations
which gives mformation to supply the lacking value, 1s made enable
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Fig.4. The mamn window of the graphical user mterface

This part was written in a language to be used by non
computer specialists. It was very simple, yet complete. The
following example presents a language close to French
(figure 5). In fact, this language was translated at run-time
mnto English, and internally treated in English. This on-the-
fly translation was achieved by the use of a dictionary file
which provides, for each keyword, a conversion between
English and the user language.

Each action onto the graphical interface was associated to
a fact, specified in the description. At run time, these facts
were transmitted to the inference engine, which became
informed of what the user did.

The dynamic part: described the dynamic relations
between the graphical objects. This description allowed
actions to start when some conditions became true. The
knowledge base contained a declaration of all the existing
dynamic relations between the user interface objects. These
relations were represented as couples (conditions, action);
so when the conditions of a dynamic relation became true,
an order was given to the user interface to execute the
corresponding action. For example when the number of
visible living or dead form insects was more than zero, the
push-button ( Rartition des insectes) associated to the
identification of insects window was made enable; or when
the cancel button of a window was pushed, all the facts
coming from the objects contained in this window were
retracted, the facts derived from them to and the window
hidden.

IS

The knowledge base

The knowledge base has been implemented in CLIPS
(Giarrantano and Riley, 1994). It was a set of declarative
knowledge on preservation of stored grain qualty, actually
the baking wheat, and the knowledge on the dynamic part of
the user nterface (Ndiaye et al. , 1998).

The inference engine

The inference engine has been implemented in CLIPS. It
computed every knowledge base which was built up using the
specific representation described in (Ndiaye et al., 1997),
and monitored the display of the main windows of the user
interface (Ndiaye et al. , 1998).

Discussion

Evaluating the system

QualiS qualitative reasoning approach represents a
significant advance in existing computer knowledge based
systems for preservation of stored grain. The departure
from pest control to quality preservation is a big change for
the stored gramn conservation This is clearly an advance for
the grain storage industry, which previously could deal with
the total quality of grain only m very specific cases. QualiS
allows store-keepers to assess the mitial quality and grade of
grain at delivery. It further provides the grain conditions,
the complementary tests to be done to refine the grain
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quality, the incompatible uses of the grain, the grain quality
alteration risks and the storage operations to be done to

1) ((identificateur temperature)
(objet-graphique (entree-nombre
(type-de-donnee nombre-entier)
(libelle ‘ Temperature’)
(valeur-par-defaut 20)

(pas 1)

(valeur-min -20)

(valeur-max 50)))

(saisie donnee mesure)

(aide ‘Entrez ici la temperature du grain. ’))

2) ((identificateur fenetre-principale)
(obyet-graphique (fenetre
(titre ‘Entre des donn’s principales’)
(action a-afficher)

preserve the gramn quality (Figure 6).

(contient etat-physico-chimique qualite-technologique etat-sanitaire

groupe-des-boutons-fenetre-principale)

(a-ahigner etat-physico-chimique qualite-technologique)

(a-ahgner)

(a-aligner etat-sanitaire groupe-des-boutons-fenetre-principale)

(a-aligner)))
(saiste ordre nul))

Static part: 1) description of spin-box temperature; 2) description of the main window which contains group-boxes

(etat-physico-chimique qualite-technologique etat-sanitaire) and a group of push buttons (groupe-des-boutons-fenetre-
principale) . Every group-box contains the description of graphical objects, and the group of push buttons contamns the

description of push buttons.

One of the main problems was to determine the gram
quality and grading from measurements and observations on
grain and its milling products. The qualitative reasoning on
knowledge used, allowed an homogeneous calculus space to
combine our heterogeneous data. An other problem was to
define a generic enough system to be used for different types
of cereal grains, it was satisfied. The high level defmition of
the inference engine, the separation between the
knowledge-base and the inference engine, and the
modifiability of the user interface allows the use of QualiS
for different types of cereal grain by just changing the
knowledge base and the imtialisation parameters (the static
part) of the user interface.

On going work

In this version of QualiS we are developing a results
display module of the user interface allowing the user to
easily ask questions on the results. When the results are
displayed in natural language as ‘The grain quality is
considered as very good with a suggestive evidence of
0.95’, where the keywords are underlined, the user would

be able to ask questions on these keywords. For example
What is? for the keyword grain quality, or Why? for very
good. This will be done with a simple mouse click on the
keyword; and then a floating menu will be displayed,
allowing the user to choose, i the list of available
questions, the question he asks.

In the future version of QualiS, we will develop a planning
and a monitoring modules as parts of the reasoning engine;
also we will develop an interface for the maintenance of the
knowledge base by the human experts. The goal of the
planning module is to generate an optimal technical route for
the storage of grain; and the monitoring module will predict
and control the grain quality evolution in time. If it is a
significant gap between the prediction and the grain
condition, the storage technical route will be re-planned
after a diagnosis of the causes of the gap.
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The results are presented through four parts: the grain quality, the grain conditions and 1ts linked adwvice, the grade of

the gramn and the remarks (degradation risks and mconsistencies)
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