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Assessment of Grain Quality 
Grain  Quality Space 

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

•  Ordered space 
vvl < vl < l < m < h < vh < vvh 

•  2 basic functions pred and suc 
pred(m) = h,    pred(vvh) = vvh 
suc(m) = l,       suc(vvl) = vvl 
pred(suc(m) = suc(pred(m) = m 
pred(pred(m)) = vh,   suc(suc(m) = vl 

•  3 comparison operators 
eq, gt, lt 

•  4 composing operators 
min, max, min-max, max-min 
min(x,y)=x ⇔ x lt y 
max(x,y)=x ⇔ x gt y 

•  Ad-hoc operators  
α, β ... 
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Assessment of Grain Quality 
Human experts cognitive operations 

7 Abstracts operations 
•  Projection (Pj ) 

Pj  : R → Q   or   V →  Q 
•  Reduction (R ) 

R : QxQ → Q 
•  Deduction (D ) 

D : QxQ → Q   or   Q →  Q 
 or  Q → V or   V →  V  
 or  VxV → R 

•  Induction (I ) 
I : Q → Q 

•  Prediction (P ) 
P : R → Q  or  RxR → Q 

•  Critic (C ) 
C : Q → V  or  QxQ → V 

•  Equation (E ) 
E : Rn → R  with  n>0 

Technological potentiel 

Germinative 
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Purity 
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? Composite variables 
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Assessment of Grain Quality 
Technological potential 
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Control of storage condtions 
Planning of quality maintenance 

STORAGE ACTIONS 
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Control of storage condtions 
Stability zone: Monitoring of grain condition 
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Legend: 

Implementation 
Flexible modular architecture 

flux control 
data flow 
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Input of raw data 



ECC-Paris symposium     AN - INRA -UBTAR 

Assessment of malting barley quality 
and condition 
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The optimal storage technical routes 
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The detail of the PLAN 2 
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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) 
 

The detail of the PLAN 2 
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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 
✏  Integration of mathematics models and expert knowledge 
✏  Integration of time 
✏  Implementation 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 
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