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Assessment of Grain Quality INA
Grain Quality Space

7 elements symbolic space
{vvl, vl, 1, m, h, vh, vvh}

Scale of expert » Ordered space
vwl<vl<l<m<h<vh<vvh

5 10 15 20 25 30°C Temperature » 2 basic functions pred and suc

! | | | T of grain pred(m) =h, pred(vvh)=vvh
vwh vh h m l Vl V}’l suc(m) =1,  suc(vvl) =vvl

pred(suc(m) = suc(pred(m) = m
= 00 hot pred(pred(m)) = vh, suc(suc(m) = vl
3 comparison operators
eq, gt, It
* 4 composing operators

min, max, min-max, max-min
........ cold min(x,y)=x < x Ity

max(X,y)=x < x gty
» Ad-hoc operators

a; /5 [1T)
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Assessment of Grain Quality
Human experts cognitive operations

Technological potentiel

Composite variables

Germinative Protein
capacity content
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7 Abstracts operations

Projection (@j)

@, : R—-Q or V— Q

Reduction (R)

R: QxQ—Q

Deduction (D)

D:QxQ—=Q or Q— Q
or Q—=Vor V-V
or VxV—R

Induction (1)

I:Q—=Q

Prediction (®)

?:R—=Q or RxR—=Q

Critic (C)

C:Q—=V or QxQ—V

Equation (£)

E:R"— R with n>0



Assessment of Grain Quality
Technological potential
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Control of storage condtions

Planning of quality maintenance

ABIOTIC VARIABLES BIOTIC VARIABLES

— - -
SRS Germination

Germination
/| Dormancy

Moisture content

Mould
el fmmmmy Woulds
Impurities
Jemperature
Insect pests
model

Clean Dry Cool ' Apply an insecticide

STORAGE ACTIONS
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Control of storage condtions DA

Stability zone: Monitoring of grain condition

Germinative capacity decrease to 95%

Temperature
(°C)
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Implementation
Flexible modular architecture

DECISION SUPPORT SYSTEM
(Common Lisp)

INTELLIGENT SYSTEM
(CLIPS)
GRAPHICAL USER INFERENCE KNOWLEDGE
INTERFACE ENGINE BASE

(GUI)

=—— | GUI control rules

| =

<+ | Knowledge sources

Facts Base

Initialisation files
- Dictionary

- GUI description
- Encyclopaedia

Mzisoning
VIECHAIMISTIIS!
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Input of raw data

4 Qualis
FILE HELP-MENU

ISE= B

£ Input of raw data at the harvest [_ (3] <]

Physico-chemical characteristics

Temperature (°C)

—

Moisture content (%)

[s.5 =
Impurities

Total impurities (%)

O

Broken grain (%)

oo

Specific impurities

Push this button to input the level of specific Impurities

Sanitary and safety characteristics
Free living insects (/kg)

C—

Free dead insects {/kg)

C—

[T Hidden form of insects (/Kkg)

R

Insect pictures

K1
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Technological characteristics

v Germinative energy (%)

-

Tetrazolium (%)

P95 =

Uarietu of barleu

Iplaisant

[|

[T Level of protein (%)

fos

Varietal purity (%)
99 =

Kernel size\

Unknown, variet 1/1|

[” Level of ergosterol (pg/g)
[ :j

External appearence

Quantity (t)

20— =

Assess

Plan

Default [
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Assessment of malting barley quality @
and condition

FILE HELP-MENLU
4 Results [ _ | & ] x|

ASSESSMENT OF MALTING BARLEY GRAIN INITIAL QUALITY

The assessed grain qualities are:
- the grain technological potential is Mediocre (0.76)
- the grain physico-chemical condition is Good {0.90)
- the grain sanitary and safety condition is Average {(0.37)

The assessed grain conditions are:
- the grain is warm (0.90)
itis recommanded to cool it{0.90)
- the grain has a rejeci level of germinative energy (0.95)
itis recommanded To reject L {0.95)

The remarks are:

- the predicted days left before the degradation of germination is 69 (1)
the predicted days left to reach the maximum germinative energy is 43 (1)
the predicted days left to break dormancy is 26 (1)

- the predicted days left before degradation of grains by moulds is 185 (1)
it presents a risk of mould of the type: Eurotium Slightly strong (1)

- the insect risks:
it presents arisk ofinsect of the type: Red Flour Beetle Strong (1)
it presents arisk ofinsect of the type: Grain vweevil Average (1)
it presents arisk ofinsect of the type: Hice VWeevil Strong (1)
it presents arisk ofinsect of the type: Saw Tooithed Grain Beetle Strong (1)

it presents arisk ofinsect of the type: '|Eusw Grain Beetle'lb'trong (1)

what-is

Ok
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The optimal storage technical routes -

FILE HELP-MENU
£ Results _ |5

5 DIFFERENT STORAGE TECHNICAL ROUTES HAYE BEEN PLANNED

Plan 1. Store in Bin-1 and Cool with Refrigerator-1 to maintain the harley quality during 370 days
en il ctarain Bin-1 and Cool with Fan-1 to maintain the barley quality during 411 days
¢ details ?in-1 and Cool with Fan-2 to maintain the barley quality during 406 days
Flan 4. 5tore 1n Bin-2 and Cool with Fan-1 to maintain the barley quality during 411 days
Flans. Store in Bin-2 and Cool with Fan-2 to maintain the barley quality during 406 days

Ok
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The detail of the PLAN 2

£ Qualis
FILE HELP-MENU

% Results | — (=] x|

PLAMN 2
2 storage oprations to carry out during 48 days to maintain the barley quality during 411 days

Initial grain condition:
germinative capacity 80%, temperature 25°C, moisture content 14.50%, activity of water 0.73,
level of impurities 2.00%, free living insects Ofkqg, free dead insects Ofkqg, insecticide none
The estimated safe storage periodes in the same grain condition are B9 days for the germinative capacity,
26 days for the dormancy break, 43 days for the maximum germinative energy and 185 days for the moulds

—

. Store grain in the vertical bin Bin-1
Grain condition:
germinative capacity 80%, temperature 25°C, moisture content 14.50%, activity of water 0.73,
level of impurities 2.00%, free living insects Ofkqg, free dead insects Ofkqg, insecticide none
The estimated safe storage periodes in the same grain condition are B9 days for the germinative capacity,
26 days for the dormancy break, 43 days for the maximum germinative energy and 185 days for the moulds

2. Cool grain using the fan Fan-1 in 3 steps to reach 10°C of temperature in 48 days for an estimated period of 228 days
Step 1 to reach 22°C of temperature in 4 days for an estimated period of 180 days
The estimated safe storage periodes in the same grain condition are 104 days for germinative capacity,
31 days for dormancy break, 59 days for maximum germinative energy and 284 days for moulds
Step 2 to reach 15°C of temperature in 18 days for an estimated period of 180 days
The estimated safe storage periodes in the same grain condition are 257 days for germinative capacity,
21 days for dormancy break, 104 days for maximum germinative energy and B5S0 days for moulds
Step 3 to reach 10°C of temperature in 26 days for an estimated period of 180 days

Grain condition:
germinative capacity 9656.99%, temperature 10°C, moisture content 14.50%, activity of water 0.70,
level of impurities 2.00%, free living insects Ofkqg, free dead insects Ofkqg, insecticide none
The estimated safe storage periodes in the same grain condition are 460 days for the germinative capacity,
0 days for the dormancy break, 138 days for the maximum germinative energy and 1309 days for the moulds

== IT IS RECOMMAMNDED TO CONTROL THE PRESEMNCE OF INSECTS IN 411 DAY S

THE DELAY NECESSARY FOR A SUFFICIENT DECREASING OF THE TEMPERATURE BETYWEERN
T™VYO COOLING AERATION STEPS IS NOT ACCOUNTED FOR IMN THIS DEMO YERSIOMN

| Ok
ECC- : _l




The detail of the PLAN 2

PLAN 2
2 storage oprations to carry out during 48 days to maintain the barley quality during 411 days

Initial grain condition: GermC 80%, T 25°C, mc 14.50%, Aw 0.73, Imp 2%, insect 0/kg

The estimated safe storage periodes in the same grain condition are
Germinative capacity 69d and Moulds 185d (DormB 26d, maxGermC 43d)

1. Store grain in the vertical bin Bin-1
Grain condition: GermC 80%, T 25°C, mc 14.50%, Aw 0.73, Imp 2%, insect 0/kg

The estimated safe storage periodes in the same grain condition are
Germinative capacity 69d and Moulds 185d (DormB 26d, maxGermC 43d)
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The detail of the PLAN 2

2. Cool grain using the fan Fan-1 in 3 steps to reach 10°C of temperature in
48 days for an estimated period of 228 days

Step 1 to reach 22°C of temperature in 4 days for an estimated period of 180 days
The estimated safe storage periodes in the same grain condition are
Germative capacity 104d and Moulds 284d (DormB 31d, maxGermC 59d)

Step 2 to reach 15°C of temperature in 18 days for an estimated period of 180 days
The estimated safe storage periodes in the same grain condition are
Germinative capacity 257d and Moulds 690d (DormB 21d, maxGermC 104d)

Step 3 to reach 10°C of temperature in 26 days for an estimated period of 180 days

Grain condition: GermC 96.99%, T 10°C, mc 14.5%, Aw 0.7, Imp 2%, insect 0/kg
The estimated safe storage periodes in the same grain condition are
Germinative capacity 460d and Moulds 1309d (DormB 0d, maxGermC 138d)

=> |IT IS RECOMMANDED TO CONTROL THE PRESENCE OF INSECTS IN 411 DAYS

The delay necessary for a sufficient decreasing of the temperature between two cooling
aeration steps is not accounted for in this demo version
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Conclusions

=> Representation of a heterogeneous complex system

= Mixed quantitative and qualitative reasoning

=> |[ntegration of mathematics models and expert knowledge

=> |[ntegration of time

= [mplementation of a prototype on a PC computer: QualiS©

=> Validation by the experts

=> Validation in pilot scale experiments 10 tons (DK) & 20 tons (UK)

Prediction of the duration of cooling aeration and its effects to refine

ECC-Paris symposium AN - INRA -UBTAR



Acknowledgements

Funded
This work has been carried out with financial support from

the Commission of the European Communities, Agriculture
and Fisheries (FAIR) specific RTD programme, CT97-3648

Collaborators

Armitage David & coll., CSL (UK);

Boivin Patrick & coll., IFBM (FR);

Degoul Paul, Schwarz Laurent & coll., Thomson Marconi Sonar (FR);
Fleurat-Lessard Francis, Cahagnier Bernard & coll., INRA (FR);

Jacobsen Eljif & coll., Biotechnological Institute (DK);
Knight Jon, Wilkin Robin & coll., Imperial College (UK);

Munck Lars, Moller Birthe & coll., KVL (DK);

Niguet Gilbert, Berhaut Pierrick & coll., ITCF (FR);

Reichmuth Christoph & coll., BBA (GR);

Woods Lyn & coll., University of Newcastle (UK).

ECC-Paris symposium AN - INRA -UBTAR





