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Abstract 

This report describes the validation done in the field regarding a disease DSS for 
Alternaria in carrots, Mildew in vineyards and Apple Scab in apples as well as the 
implementation of an image based Early Detection System for disease detection using 
artificial intelligence models. Results were promising for the two developments 
produced during the OPTIMA project although further improvements are needed to 
make them more reliable and robust under different field conditions.  
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1. Introduction 

Early detection of risk of infection for pests and diseases is a need for the sector in order to 

better plan pesticide plans along the season. This will allow the transition from preventive to 

curative treatments in some pests and diseases. For this reason, reliable prediction models 

together with a user-friendly visualization of information is envisaged within the development 

of the Decision Support System (DSS) developed in OPTIMA project. Three diseases were 

covered in three different crops, meaning Alternaria in carrots, Mildew in vineyards and Apple 

Scab in Apples. The DSS was validated during the season 2021 in France (carrot case), Italy 

(vineyard case) and Spain (apple case) in which cases it was compared with current practices 

used by technicians for risk assessment and decision of spraying calendars. 

Imaging and artificial intelligence has become a powerful tool for different kind of 

assessments and characterizations in crops. In this case it was used with the objective of 

detecting the forementioned diseases by means of an intelligent algorithm ruining in real time 

in the field. Implementation in the field of the Early Detection System (EDS) was successfully 

accomplished for all three crops. Results were promising although further trials need to be 

done to re-train the algorithms to achieve higher degree of accuracy in the detection and 

quantification of the diseases. 
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2. Carrot case (Alternaria/Carrots) 

2.1 Introduction 

2.1.1 Experimental plot  

The objective of the deliverable is the evaluation of the DSS (Decision Support System), the 

EDS (Early Detection System). The DSS has been developed to allow the optimization of the 

protection in terms of application timing: by identifying the periods with risk of propagation 

and development of A. dauci, in terms of weather conditions. To this is coupled a system of 

calculation of the ideal weather windows for the application. The EDS has been developed in 

order to be able to detect as early as possible the plots showing symptoms of the disease, but 

also to be able to map the disease pressure of the plots according to the frequency and the 

intensity of the symptoms. 

Table 1 describes the 5 modalities in the carrot case WP5 trial according to the elements 

evaluated. Among these references, Ref 2, in comparison with Ref 1, and Ref 5 in comparison 

with Ref 3 were studied to allow the assessment of these two elements.  

Table 1 : Detailed modalities studied in the WP5 trial in France, according 

to the initial optima guidelines. 

Summary of the WP5 references material 
 DSS EDS SmartSprayer Standard sprayer Mixed bio-PPP itinerary 

Ref 1    X  

Ref 2 X X X   

Ref 3    X X 

Ref 4  X X   

Ref 5 X X X  X 

 

The initially planned reference 0 was deleted, as it corresponded to reference 1 for this case. 

Indeed, reference 0 differed from reference 1 by the use of different sprayers. The 

applications of reference 0 were to be made with a basic sprayer, used by carrot growers in 

the area. Reference 1 applications were to be made with an advanced technology sprayer, the 

most advanced among growers in the area. As carrot cultivation is conducted in an industrial 

way in the area, the production is supported by very important farms, allowing for excellent 

equipment, therefore the producers all have advanced equipment, including for the spraying 

work. 

The trial was set up under producer conditions in a plot located in the commune of Le Barp, 

in Gironde, in the southwest of France (44°41'22.3 "N 0°46'05.2 "W). The risks established by 

the different decision support tools discussed in this report were calculated based on the 

weather conditions of this plot: 

• Weather station on which the DSS OPTIMA is based positioned at the test plot level; 

• The weather data included in the Dacom model is taken from the nearest Dacom 

compatible weather station (2.1.2. Protocol adaptation to local practices) 
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The photos that allowed the finalization of the first EDS deep learning algorithms were taken 

in carrot plots affected by A. dauci in the communes of Marcheprime, Le Barp and Saint-Jean-

d'Illac. The final image acquisition and EDS evaluation sessions were carried out in the trial 

plot in Le Barp and a neighboring plot. 

2.1.2 Protocol adaptation to local practices 

Carrot growers in the region are familiar with the use of decision support tools. Dacom is a 

widely used tool that assesses the risk of contamination of fields and the development of 

several diseases, including carrot Alternaria. The modalities 1, 3 and 4, based on the 

producer's decision, are therefore based on the recommendations of this system. 

The time available and the large volumes of product necessary for each treatment did not 

allow to operate separate applications according to the two decision systems. It was therefore 

decided to carry out the applications together regardless of the difference in 

recommendations between the two DSSs. The study of the risks given by each system, by 

comparison of the recommendations of the two models (Dacom, and the optimal DSS, based 

on the FAST model) allows to evaluate the reliability of the DSS. However, this system does 

not allow for a comparison of the biological efficiency according to the triggering of the 

treatments. 

2.2 Validation trials 

2.2.1 DSS Evaluation 

The following graph (Figure 1) represents the risk levels recorded by each model from sowing 

to the end of the trial, before the carrots were stored in the ground. The two systems are not 

based on the same model, so the risk values are not comparable.  However, both DSS’s provide 

a level of risk. We notice first of all that the FAST model is less sensitive, with only one period 

at the maximum risk level of 3/3, on September 9 and 10. It is also observed that the model 

used by the growers was only triggered at the beginning of September, when the crop was at 

the 6 true leaves/beginning of the root expansion. For this DACOM model, the risk is also 

amplified as the canopy develops. While the DSS Optima triggers the treatment 

recommendations at sowing time. This shows the importance of weighting the risk calculated 

not only on meteorological information, but to also consider the crop's development stage. 
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Figure 1 : Risk levels of infection and fungal development of A. dauci calculated for the 

summer carrot growing season, according to two models: Optima DSS and Dacom. The scales 

are not comparable between them, only the risk levels are. The FAST model works by score on 

a scale of 0 to 4, the OPTIMA model by accumulation of risk points. 

 

Applications against A. Dauci are usually initiated just before row closure, when the crop 

reaches the so-called "pencil stage", corresponding to a full development of 6 to 7 leaves. It is 

therefore interesting to compare the recommendations of the two models from this stage, 

reached in the first half of September. 

The first trigger by the DACOM model corresponds to the highest risk level given by the DSS 

OPTIMA (Figure 1). After that, the DACOM model calculates 4 high risk levels on 26/09, 05/10, 

23/10 and 01/11. These dates, except for the lowest risk on 26/09, also correspond to an 

increase in the risk level by the FAST model, supporting the accuracy of the model. However, 

the levels of the FAST model remain low, not recommending any intervention. This may be 

due to weather data alone, as temperature gets lower in the fall, making conditions less 

favourable for pathogen development. However, it was observed in the plot that the attacks 

increased as soon as the rows closed despite the milder temperatures. This supports the 

importance of taking into consideration the stage of the crop. This may be due to the 

consideration of only the weather data, with temperatures dropping in the fall, making 

conditions less conducive to the development of the pathogen. However, it was observed in 

the plot that the attacks increased as soon as the rows closed despite the milder 

temperatures. This supports the importance of taking into consideration the stage of the crop. 

The DACOM model also takes into account the action of phytosanitary products and their 

application period. Treatments are usually triggered when the DACOM scale reaches a score 

of 100 points for biocontrol treatments, and 200 points for treatments using synthetic 

products. The tool announced a first risk level of 78 on 04/09, then a second high level of 214 

on 09/09. The applications were therefore started the following week, on 14/09. It is observed 

that this first application, triggered after the high levels calculated by the FAST model and the 
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first alert of the DACOM model, allows to prevent too high levels of risk for about two weeks. 

The treatment was therefore well placed. The second (30/09) and third (27/10) treatments 

were carried out according to the risk levels recorded by the Dacom model, and the field 

observations, the accuracy of the FAST model having become obsolete. The second treatment 

allowed a drop in the risk. The third treatment was not considered for A. Dauci, because 

Heliosoufre is a product registered for its efficacy on Oidium, its action on A. Dauci being 

tested in this trial. Therefore, risk levels remained high. 

2.2.2 EDS Evaluation 

The level of progress in training the EDS algorithm did not allow to test its use in the WP5 trial. 

However early A. Dauci attacks on Primeur carrots during spring allowed the collection and 

the processing of annotated images for the training of the algorithm. These first data allowed 

first tests with the EDS. These tests showed a lack of precision in the detection of the disease, 

with a level of precision of 3,4% (Figure 2, A). Several obstacles are present in image analysis 

of A. Dauci on carrots: The architecture of the canopy is complex, the leaves being very 

indented, and the pathogen attacking first the lower leaves of the canopy. Moreover, the 

symptoms of the disease consist of a spot and then a blight of the leaf tips, which can be 

confused with other diseases, a sensitivity to plant protection products or natural 

physiological phenomena such as senescence.  

The passage of the EDS in the plots has ensured the taking of more images, which once 

processed supply the algorithm for better training and more precision. Thus, the starting up 

of the EDS, with the first version of the algorithm allowed to capture 2307 images, during 

three measurement days, over different varieties, at different stages and different moments 

of the day. Within these images, 637 were annotated, the training dataset had 552 images, 

the validation dataset 43 images and the test dataset 44 images. This allowed to improve 

considerably the YOLOv5 algorithm, which second version showed a precision level of 47,9% 

(Figure , B). An accuracy level of 47.9% is still insufficient for a large-scale commissioning of the 

device, but this improvement is very promising; further contributions of reference images will 

lead to a greater level of accuracy. 
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2.3 Conclusion 

The actions carried out within the WP5 trial on carrots, conducted by INVENIO in the South-

West of France, allowed to test and/or improve the elements developed within the WP2: 

Figure 2 : (A) Detection results of the first version of the YOLOv5 algorithm on an EDS image. (B) 

Detection results of the latest YOLOv5 algorithm on an EDS image The red boxes with the label FN 

are the false negative detections, which are the ground truth annotations that were missed by the 

YOLOv5 algorithm. The blue boxes with the label FP are the false positive detections, which are the 

detections made by the YOLOv5 algorithm on healthy leaves. The green boxes with the label TP are 

the true positives detections, which represent the correct detections. 

(A) 

(B) 

Precision level = 3,6% 

Precision level = 47,9% 
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• The DSS, based on the FAST model for the prediction of Alternaria risk, is not accurate 

enough compared to other pre-existing tools on the crop. The tool would benefit from 

calculating the risk by integrating the stage of the crop, as well as the applications, 

taking into account both the dates and the active ingredients of the specialties. 

• The first version of the YOLOv5 algorithm for the detection of Alternaria on carrot, 
based on a reduced image library, showed an insufficient level of accuracy of 3.6%. 
However, it allowed a first start of the system, thanks to which more than 2300 images 
were taken, and more than 600 processed and added for a second version of this 
algorithm. The second version shows a level of accuracy of 47.9%, which is still 
insufficient for a commissioning, but this progress is very encouraging.  

 
 

3. Vineyard case (Mildew) 

3.1 Introduction 

The experiments to verify the applicability and effectiveness of DSS and EDS in vineyard were 

carried out in 2021 in selected vineyard plots belonging to Pusabren farm located in Canelli 

(AT), Italy (44°44’07’’ N, 8°16’42’’ E). DSS, on the basis of weather data and forecasts, indicated 

the time windows more favourable for downy mildew breakout, providing support on when 

to make the spray treatment, and it was the tool where prescription maps derived from EDS 

scouting were stored. EDS was operated in all the experimental plots before each spray 

application in order to detect the areas within each plot with more or less incidence of the 

disease and therefore to build up prescription maps aimed to enable the smart sprayer to 

modulate the spray volume accordingly. Both DSS and EDS were tested starting from June (4th 

spray application in the season) to August, when the last treatments were made.   

1.1.1 Experimental plot characteristics 

The experimental plots to assess the biological efficacy of treatments with different sprayers 

and PPP, according to the methodology proposed for WP5 trials (see Del 5.0), were selected 

in two areas of the Pusabren vine farm, one cultivated with Barbera variety and one with the 

Moscato variety (Fig. 3).  
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Figure 3: Selected parcels for the vineyard case field trials aimed to the evaluation of biological efficacy. 

In both cases the rows were espalier trained, pruned at Guyot system, and the layout was 2.5 

x 1.0 m. In each variety, 6 different plots were identified to compare the 6 envisaged thesis, 

from R0 (reference, conventional sprayer and conventional PPPs) to R5 (smart sprayer 

applying OPTIMA crop protection strategy) as detailed in Table 3 and in Fig. 4-5.   

Table 3. Definition of reference tests to be evaluated 
  Definition 

Reference 0 Common reference conventional sprayer (farmer’s calibration and normal 

use) – Synthetic PPPs 

Reference 1 Starting point sprayer adjusted according to Best Management Practices – 

Synthetic PPPs 

Reference 2 Smart sprayer following recommendations derived just from EDS  

(prescription maps)  - Synthetic PPPs  

Reference 3 Starting point sprayer adjusted according to Best Management Practices -  

Selected OPTIMA bio - PPPs combination  

Reference 4 Smart sprayer following recommendations derived both from DSS (timing for 

application) and EDS  (prescription maps) – Synthetic PPPs  

Reference 5 Smart sprayer following recommendations derived both from DSS (timing for 

application) and EDS  (prescription maps) –  Selected OPTIMA bio - PPPs 

combination 
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Figure 4: Selected plots within the Barbera vineyard parcel for the evaluation of biological efficacy. 

 

Figure 5: Selected plots within the Moscato vineyard parcel for the evaluation of biological efficacy. 

 

1.1.2 Protocol adaptation due pandemic affectations 

As some delays in the delivery of the smart sprayer at the experimental site occurred due to 

pandemic, the experiments started only at the beginning of June, when the first three 

seasonal treatments had already taken place to target primary downy mildew infection. In all 
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these early spray applications all the experimental plots were applied the same way using the 

pneumatic farm sprayer and the conventional synthetic PPPs. Starting from the fourth 

treatment, carried out between 7th and 10th June, the test methodology as outlined in Del 5.0 

was regularly followed. 

  

1.2 Validation trials 

1.2.1 DSS Evaluation 

The DSS (Fig. 6) was regularly consulted before the execution of each spray application to get 

indications about the most adequate date and time for making the application. 

 

Figure 6: Example of layout of OPTIMA DSS with the selection of Canelli area. 

According to previous experiences from WP2 and WP3 by Unito - PPG in using OPTIMA DSS, 

spray applications were done when there was a high risk for at least half-day, or when the 

products previously applied were not more protecting the crops according to labels. The 

applications started only later during the season (June), targeting mainly secondary downy 

mildew infection, and consequently the accuracy of the indications resulted not sufficient and 

only in some treatments the date of spraying the plots where the DSS was used (namely BR4, 

BR5, MR4 and MR5) resulted different than the date of the other plots (Table 4). For 

comparison, standard treatments were carried out according to farm practice, considering 

other models (http://www.sistemapiemonte.it/feamemod/elencoModelli.jsp) and technical 

assistance bulletins available at Regional level.       

Table 4. Calendar of treatments made in the vineyard experimental plots 

 BR0, BR1, BR2, BR3, MR0, MR1, MR2, MR3 plots 
(without DSS)  

BR4, BR5, MR4, MR5 plots 
(with DSS) 

D
at

e
 o

f 

ap
p

lic
at

io
n

 07 June 2021 10 June 2021 

22 and 24 June 2021* 22 June 2021 

2 July 2021 2 July 2021 

12 July 2021 14 July 2021 

23 July 2021 26 July 2021 

http://www.sistemapiemonte.it/feamemod/elencoModelli.jsp
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5 August 2021 5 August 2021 

23 August 2021** 24 August 2021** 
*In some treatments the spraying of all the plots took more than one day due to logistics reasons. 
**Treatment carried out only on Barbera variety. 

 

The layout and functions of the DSS were clear and easy to use, and the system for generating 

the prescription maps worked properly, as the day after the EDS scouting, the maps were 

available online. They could be therefore uploaded on the control unit of the smart sprayer to 

adjust the spray volume accordingly in each experimental plot. 

  

 

1.2.2      EDS Evaluation 

Before each spray application the scouting of the six vineyard experimental plots where the 

smart sprayer had to operate, namely R2, R4 and R5 both in Barbera and Moscato varieties, 

was made using the EDS realised by WUR (WP2). The RGB based smart camera was mounted 

on a platform mounted to the tractor (Fig. 7) and the scouting was carried out at about 1.2 

km/h forward speed scanning every row of the plot, at least from one side.  

 

Figure 7: EDS system during scouting in the vineyard plots. 

The acquired images (about 700 per single plot per treatment) were then processed through 

the algorithm available on OPTIMA DSS so to get the correspondent map of downy mildew 

presence (risk) in each plot (Fig. 8). During the trail, the EDS performance was further 

increased by training the algorithm with new annotated data. The correspondence map 

enabled the smart sprayer to automatically adjust the spray volume applied according to the 

disease risk in each part of the plot. The criteria adopted along the whole season was to apply 

the full volume set up in each specific growth stage when the disease risk was high or medium 

(red or orange color in the map), and to apply 80% of the full volume when the downy mildew 

risk was low or very low (yellow or green color in the map).  
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Figure 8: Example of prescription map derived from EDS scouting. 

On the basis of the indications derived from the prescription maps, the effective volume 

applied in the plots treated with the smart sprayer (Ref. 2, 4 and 5) resulted between 80% and 

91% of the full volume set up for the same sprayer, not smart (Table 5). That meant to also 

apply between 80% and 91% of the full PPP dose.  
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Plot ID Scouting date Spraying date Full volume set 

(L/ha) 

Effective volume applied 

(L/ha) 

% of full 

volume applied BR2 06/06/2021 07/06/2021 322 279 87% 

BR4 06/06/2021 10/06/2021 322 263 82% 

BR5 06/06/2021 10/06/2021 322 262 82% 

MR2 06/06/2021 07/06/2021 322 271 84% 

MR4 06/06/2021 10/06/2021 322 280 87% 

MR5 06/06/2021 10/06/2021 322 285 88% 

BR2 17/06/2021 22/06/2021 300 241 80% 

BR4 17/06/2021 24/06/2021 300 254 85% 

BR5 17/06/2021 24/06/2021 300 273 91% 

MR2 17/06/2021 22/06/2021 300 244 81% 

MR4 17/06/2021 24/06/2021 300 253 84% 

MR5 17/06/2021 24/06/2021 300 242 81% 

BR2 01/07/2021 02/07/2021 476 411 86% 

BR4 01/07/2021 02/07/2021 476 406 85% 

BR5 01/07/2021 02/07/2021 476 429 90% 

MR2 01/07/2021 02/07/2021 476 403 85% 

MR4 01/07/2021 02/07/2021 476 404 85% 

MR5 01/07/2021 02/07/2021 476 394 83% 

BR2 12/07/2021 14/07/2021 476 419 88% 

BR4 12/07/2021 14/07/2021 476 401 84% 

BR5 12/07/2021 14/07/2021 476 400 84% 

MR2 12/07/2021 14/07/2021 476 394 83% 

MR4 12/07/2021 14/07/2021 476 389 82% 

MR5 12/07/2021 14/07/2021 476 384 81% 

BR2 23/07/2021 26/07/2021 476 392 82% 

BR4 23/07/2021 26/07/2021 476 404 85% 

BR5 23/07/2021 26/07/2021 476 407 85% 

MR2 23/07/2021 26/07/2021 476 386 81% 

MR4 23/07/2021 26/07/2021 476 401 84% 

MR5 23/07/2021 26/07/2021 476 386 81% 

BR2 23/07/2021 05/08/2021 476 392 82% 

BR4 23/07/2021 05/08/2021 476 404 85% 

BR5 23/07/2021 05/08/2021 476 407 85% 

MR2 23/07/2021 05/08/2021 476 386 81% 

MR4 23/07/2021 05/08/2021 476 401 84% 

MR5 23/07/2021 05/08/2021 476 386 81% 

BR2 23/08/2021 24/08/2021 476 431 91% 

BR4 23/08/2021 24/08/2021 476 415 87% 

BR5 23/08/2021 24/08/2021 476 431 91% 

Table 5: Volume rate reduction based on the combination of EDS and Smart sprayer. 

The correspondence between the downy mildew presence detected by the EDS and that 

observed via visual scouting along the season was not always consistent, as in general terms 

the visual scouting pointed out a trend with an increasing occurrence of downy disease 

symptoms especially after the mid of July, due to a more evident presence of secondary 

infections, while this trend was not evident analysing the sequences of the prescription maps 

generated by the EDS and the DSS. This discrepancy is reasonably due to the current limits of 
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the algorithm used for detecting downy mildew symptoms from the acquired images, which 

will need further refinements and retraining on additional annotated images, also exploiting 

the experiences made along the whole experimental campaign.  

In Fig. 9, as an example, it is reported a sequence of five prescription maps generated for the 

Moscato plot R5 (MR5) from early June to late July. 

 

06/06/2021 

 

17/06/2021 

 

01/07/2021 

 

12/07/2021 

 

23/07/2021 

Figure 9: Example of sequence of prescription maps derived from EDS scouting during the season in 

Moscato R5 experimental plot. 
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1.3 Conclusion 

OPTIMA DSS for vineyard was not able to reduce the number of treatments compared to the 

conventional (Ref. 0) and smart (Ref. 1, 2, 3) strategies. Moreover, a lower reduction in the 

disease was observed in the plots where the OPTIMA DSS was applied and it was not accurate 

enough compared to other tools on grapes. The tool would benefit from calculating the risk 

by integrating the stage of the crop, as well as the applications, considering both the dates 

and the active ingredients of the fungicides applied. This suggests that the DSS still needs to 

be improved and further trials are necessary when applied in combination with the EDS and 

the smart sprayer, starting the evaluations from the beginning of the season. For what 

concerns the EDS, whose concept was generally appreciated by farmers and advisers, the 

experiments carried out in vineyard during part of the 2021 season pointed out the need to 

further refine the algorithm which determines if and how many downy mildew symptoms are 

present in one image acquired. Ideally it would be preferable even to use multi-spectral 

cameras for being able to detect symptoms earlier than when they come visible, thus enabling 

to better keep the preventive approach in treatments and the possibility to use the EDS also 

on primary downy mildew infections. Moreover, it has to be underlined that the EDS scouting 

needed a specific work session, as the forward speed for scouting was very low, and the 

prescription maps were available just the day after, which may favour disease spread in the 

meantime. This could also represent a limit for logistics of manpower in the farm. Ad hoc 

solutions should be therefore further investigated, such as the possibility to improve the 

forward speed during scouting, and when possible, to combine this operation with other ones 

made with the tractor along the rows, or as eventually the use of terrestrial drones. 
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4. Apple orchards case (Apple scab) 

4.1 Introduction 

4.1.1 Experimental plot characteristics 

The experiments for the EDS and DSS validation in Apple crop were conducted in a 1.7 ha 

commercial orchard located in Epila (Zaragoza, Spain) with coordinates 647,609 E and 

4,602,017 N (Datum WGS84 UTM 30), shown in Figure 10. There are two commercial varieties 

planted in this plot, Golden Smoothee and Galaxy Gala. Trees are trained in a central leader 

system with mechanical pruning conducted by rotatory cutting discs, and drip irrigation is 

available during the whole season. There exists an automatic weather station (AGENSO) in the 

same plot that is connected to the cloud and providing weather data to the DSS (Figure 11). 

 

Figure 10 : Map of the experimental plot where evaluation of the EDS and DSS were performed 

during season 2021. 
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Figure 11 : Meteorological station installed in the apple case validation field. 

 

4.1.2 Protocol adaptation due pandemic affectations 

Doue the global pandemic with lock down we suffered in 2020, the developed EDS couldn’t 

be tested on the field before these trials.  For this reason, the EDS and DSS systems where not 

robust enough for an automatic detection of apple scab, and the Reference 2 could not be 

performed during the spraying treatments campaign. As an alternative, and due to the need 

of validating the two systems, experiments were carried out during 2021 in order to train and 

improve the algorithm of the EDS and to improve the model of the DSS. This validation is 

explained in the following section. 

4.2 Validation trials 

4.2.1 DSS Evaluation 

For evaluation of the DSS developed in the project OPTIMA, the days of risk for apple scab 

infection were compared with the alerts provided by the platform used by the technician in 

charge of the plot where tests were carried out. In this case, the technician is following METOS 

IBERICA platform which gives daily percentage of infection probability for apple scab 

ascospore and conidia (Fig. 12). A total of 95 days were monitored from 12th of April until the 

15th of July 2021 considering the period for apple scab control, and the technicians reported 

26 days of risk of infection for apple scab.  

Ascospore Liberation 
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Infection by Ascospore and Conidia 

 

Figure 12 : Risk alerts provided by the platform METOS IBERICA. In this case the models give 

information for liberation of ascospore and further infection by ascospore and conidia. The 

infection level is provided in % and distributed into three classes (mild in yellow, moderate in 

green and severe in red). 

 

In the same period, OPTIMA DSS reported a total of 9 days where probability of infection was 

above 0 (using the risk code of 0, 1, 2 or 3 for no risk or low, medium or high risk). In order to 

determine the degree of matching between the two systems, it was taken as a reference the 

decision provided by the technician and how the OPTIMA DSS matched this decision of risk 

(Fig. 13). 

 

Figure 13 : Risk levels of infection calculated for the two models compared (DSS OPTIMA and 

METOS IBERICA). The scales are not comparable between them, only the risk levels are.  
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Then, the degree of discrepancy was calculated for each date in the studied range. For a 

specific date, if the risk determined by the technician (METOS IBERICA) and by the OPTIMA 

DSS matched, then the day was marked as 0 discrepancy. In case the technician determined 

risk for that specific date, but OPTIMA DSS did not, then the discrepancy was set as 1, whereas 

for the remaining case (no risk determined by the technician but infection risk determined by 

OPTIMA DSS) the discrepancy was -1 (Fig.14). Several conclusions can be extracted from this 

analysis: the first one is that the model used in METHOS IBERICA and trusted by the technician 

seems to be more restrictive than the model implemented in OPTIMA DSS. The first model 

determines more than double of the days as being of risk for apple scab infection (29 days for 

METHOS IBERICA and 12 days for OPTIMA DSS). Furthermore, out of the 29 days assessed by 

the DSS used by the technician, the OPTIMA DSS matches 9 of them, and the rest are not 

considered as posing risk for infection. Also, by calculating a confusion matrix (Table 5) one 

can assess the sensitivity and specificity of the DSS developed in OPTIMA project (using 

METHOS IBERICA model trusted by the technician as ground truth). The OPTIMA DSS seems 

to be very specific (95%), meaning that it is very good at not determining risk days when they 

are not, but on the other hand, the level of specificity is low (31%). This means that the DSS is 

not capable of determining risk when in reality there are conditions for risk of infection as 

determined by the ground truth (the technician in our case). This can be due to the model 

used by METHOS IBERICA being very conservative determining risk while OPTIMA DSS needs 

really clear climate conditions to determine that risk for infection exists. 

 

 

Figure 14: Discrepancy between the risk level provided by OPTIMA DSS and the risk level 

established by the METHOS IBERICA as the DSS trusted by the technician. For a specific date, 0 

means complete agreement between the two models, 1 means that OPTIMA DSS detected risk 

while METHOS IBERICA did not, and -1 shows the opposite situation. 
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Table 5: Confusion matrix between the ground truth and the OPTIMA DSS. 

  OPTIMA DSS 

No risk Risk 

METHOS IBERICA 

(ground truth) 

No risk 63 days 3 days 

Risk 20 days 9 days 

 

4.2.2 EDS Evaluation 

The different components for the installation of the EDS were mounted on a dedicated trolley 

capable of being transported manually or lifted by a tractor (Fig. 15). The camera was 

positioned in such a way that was flexible for being adapted to the canopy characteristics in 

terms of height and tilt, and the GNSS antenna was placed on top of a mast to overcome 

possible occlusions introduced by the height of the trees. 

 

 

a 
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Figure 15: Setup of the EDS components in the carrying trolley (a) and experiments in the field 

(b) 

The image capture was performed during the central hours of the day to account for as much 

light as possible and let the camera to auto expose with the minimum exposure time as 

possible to reduce blurring due to unwanted vibrations or forward movement of the tractor. 

Besides auto exposure, the camera was set with auto gain to overcome possible light 

inconveniences.  

A first test campaign was conducted on May the 5th 2021 to work on the best adjustment of 

the Early Detection System for a proper collection of reliable data that could be used to train 

the algorithm and iteratively improve the classification accuracy. The experiments were 

focused on selecting the best settings for the EDS and distance to the canopy, and therefore 

different sets of images were collected at different distances from the objective, with the 

camera pointing at 0, 25 and 45º angles, at sunlit and shadow faces of the vegetation and 

using three different forward speeds (0.5, 1 and 1.5 km/h).  

After processing the images, it was concluded that the camera should be placed at a range 

between 30 and 50 cm from the vegetation with a tilt angle of 25º (with the 0ª being the 

vertical line) to reduce off axis sun light saturating the sensor and to better capture leaf 

surface. The altitude of the camera in the field was set to 180 cm and the forward speed was 

0.3 m/s (around 1 km/h) to minimize motion blur in the images and ensure sharpness. 

With these settings, two more field trials were organized during 2021 to evaluate and 

iteratively re-train the detection algorithm for the EDS in apples. All field trials consisted of 

the same steps for data acquisition: three trees from sunlit and three trees from shaded sides 

of the vegetation with symptoms were imaged in steady position, and subsequently, the 

whole row from sunlit and shaded positions was imaged at 1 km/h forward speed. 

The total number of captured images with the EDS was 7710 in the two field trials conducted. 

From this dataset, 504 images were randomly selected. The apple scab infected leaves were 

annotated by an enclosing bounding box using the open-source program LabelImg. Then, the 

dataset was split into a training set of 409 images (81% of the total images), a validation set 

of 47 images (9%) and an independent test set of 48 images (10%). The validation set was used 

b 
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during algorithm training to check whether the algorithm was overfitting. The test set was 

used after training to evaluate the performance of the trained algorithm.   

In the first field test (27th of May 2021), the artificial intelligence model used was based on the 

lab testing done in 2020 and prediction ability was low due to the new and unexpected 

scenario found in the field (Fig. 16 and table 6). Anyways, the images collected during this field 

day were used to improve the model that was later tested in the second field day (10th of June 

2021). In this second date, the re-trained model (already containing real field images) 

obtained a higher precision of 45% (Fig. 17 and table 7). 

 

Figure 16. Example of four annotated leaves infected with apple scab. Application leaf 

desiccant based on Kaolin caused a high reflectance of the sunlight.  

 

Table 6. Confusion matrix of the old version of the algorithm on the EDS images (version used 

on the 10th of June). 

 Apple scab  

(ground truth) 

Healthy  

(ground truth) 

 

Apple scab 

(prediction) 

6 78 Precision: 7.1% 

Healthy  

(prediction) 

128 -  

 Recall: 4.5%  F1-score: 5.5% 
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Figure 17. Detection results of the old (left) and re-trained (right) versions of the algorithm on 

an EDS image. The red boxes with the label FN are the false negative detections, which are 

the ground truth annotations that were missed by the algorithm. The blue boxes with the 

label FP are the false positive detections, which are the detections made by the algorithm on 

healthy leaves. The green boxes with the label TP are the true positives detections, which 

represent the correct detections.  

 

Table 7. Confusion matrix of the re-trained version of the algorithm on the EDS images 

(version used on the 10th of June). 

 Apple scab  

(ground truth) 

Healthy  

(ground truth) 

 

Apple scab 

(prediction) 

60 72 Precision: 45.5% 

Healthy  

(prediction) 

74 -  

 Recall: 44.8%  F1-score: 45.1% 

 

An important, and unexpected, conclusion that was drawn from these experiments was that 

residues left in the leaves from a preventive phytosanitary treatment based on Kaolin create 

highlights in the images, causing performance loss in the disease classification. These 

treatments are used as a leaf desiccant to reduce the humid conditions that cause procreation 

of apple scab and other fungal diseases (Fig. 16), and the residues are reflecting high amount 

of light especially in shiny conditions, which lead to a saturation of the sensor and 

overexposure in the images. This sum up to the already specular reflection of apple tree leaves 

that, depending on the orientation, can also saturate the camera sensor making pixels in the 

area being non-usable.  
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4.3 Conclusion 

The EDS designed and developed in the OPTIMA project is user friendly and rapidly 

implemented in the field. It is a powerful tool for early detection and mapping of diseases 

in various crops although it could not be fully tested during the season 2021. It was 

hampered by the influence of some preventive treatments with Kaolin over the leaves 

that degraded the quality of the images and the subsequent classification of the disease 

by the machine learning algorithm. Furthermore, the system needs further refinement 

with more trials and higher amount of data to improve the detection model and to be 

capable of identifying the disease in early stages of infection. For a more practical use of 

the system, the EDS has to be able to capture more images per second as the forward 

speed in the current trials was too slow for a practical implementation in a real scenario. 

Even this, there is a great chance of improvement of the model with subsequent training 

and more image acquisition campaigns, including the exploration of multispectral imaging 

(Deliverable 2.3). 



 

 
 

 

 

 

 


