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ABSTRACT

This paper presents the development of a methodology to detect the percentage of affect&hgtephtfiora
infestansdisease in tomato plants, using digital image processing techniques to extract the regions of interest with
color analysis, where the YIQ and TSL models for the detection of the disease. The method consists of solving one of
the most common problems in images that is segmentation, in this case the background and the disease with the Plant
Village database, which was captured under uncontrolled lighting conditions. In the experiments conducted, it is
observed that our method achieved a performance of 98.60% for the detection of healthy pixels and 98.17% in detection
of sick pixels. This process was subjected to comparison against other alternatives of the state of the art like K-means
with HSV and LAB, showing a referred error regarding the leaf size of 4.32 + 5.44% in the detection of the disease and
a computational time of 0.03 + 0.01 [s] in comparison with the other procedures, in addition, this methodology was
implemented to detect the foliar diseaBksk Sigatokandyellow Sigatokan banana leaves obtaining satisfactory
results.

Keywords: affected areablack SigatokaPhytophthora infestans; yellow Sigatoka

INTRODUCTION quality of the poduct and is very common in warmer
. L . . ..._environments and altitudes below 1600 meters above sea
Fruit production is one of the most potential actlvme? . . . o
. i . evel. In addition to his, infections caused by this disease
(Lasprilla, 201; FAO, 2014). Howeveragricultural L . .
cause premature ripening of the fruit (Juarez-Becagtrra

production is limited by the development of differentI 2010). Theref detecting th ; i olant
diseases which generate significant losses in the harvgs;t ). Therefore, detecting these symptoms in plants

production (Sankaraet al, 2010). In the case Sblanum inan ef_icient mannerhas becomt_a an important factor in
lycopersicumcommonly known as tomato, is susceptibléhe mamten.ance of crops, aIIgwmg the farmer to rec.iuc.e
to late blight that is caused IBhytophthora infestans the.rlsk of dls_eases and sustain production and quality in
this disease is the most devastating and depending B crops (Finagro, 2014).
the thermal floarthis disease develops fastpecifically The traditional methods used to diagnose diseases
when the temperature is between 15 °C and 22 °C witi&e based mainly on direct observation by a professional
relative humidity percentage greater than 80% (Juaref-this area, generating slow and wasteful processes that
Becerreet al, 2010; Intagri, 2015). are subject to multiple human errors (Guzretal, 2009;
Another important fruit is banana, which is affectedcaracol Radio, 2018). In addition, the difficult access to
by affected by the diseasback Sigatokaandyellow many of the crops means that there is not always adequate
Sigatokawhich are caused by the furddiycosphaerella supervision. Other alternatives are molecular techniques
fijiensisandMycosphaeglla musicolaespectivelyThese (fluorescent in situ hybridization, polymerase chain
foliar diseases are developed mainly in plantain and baeaction, DNA strands), but these are delayed and
nana cropdNoridwide. In the case dilack Sigatoka expensive processes requiring specialized equipment and
this affects the leaf area of the plant, therefore lowers th@ined persomel.
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Considering that the symptoms can be identifiedualitatively in Camago & Smith (2009) two metrics are
visually, computer vision methodologies generate aproposed to measure segmentation results, however the
opportunity to develop automatic systems for diseagecus of this work is to identify the type of disease that
detection without human intervention. In this wélye the plant has with an SVM and not its severity percentage.
farmer has the opportunity to prevent the spread &orthe detection of the disease, we have worked with the
different diseases in the crop (Sankagtal, 2010;Al-  H channel from HSI and HS\nd the I3 channel from
Hiary et al, 2011). Therefore, in this work, it is proposed11213, thresholding by means of an intensity histogram,
to use digital image processing techniques to detect ttiee Otsu method or the channel average, obtaining an
percentage of affected area of the disédsgophthora accuracy up to 96% compared to other channels such as
infestandn tomato plants. The main contributions of theCR andA from the YCbCr and LAB color spaces

developed methodology are the following: respectivelywith a low computational cost (Chaudhary
« Manual labeling of tomato leaves with late blight diseas® al, 2012; Sharmet al, 2017). Howevethese proposals
from the PlanVillage database. only focus on the detection of the leaf and the type of

« Detection of percentage of affected area performing tr(]iésease bUt not on the affected_ area, besides th_ey do not
analysis by color have statlstllcal releyance, considering that a maximum of
o _ ) 25% of the images in the database are used for any of the
e Compare the method proposed in this article with th&rocessed fruits such as potato and tomato.
developed in Sharme al (2017). Other approaches implement machine learning
* black Sigatokandyellow Sigatokalisease detection algorithms to detect diseases in plants, where different
on banana leaves implementing the proposestocedures are carried out for the extraction of
methodology considering that this disease hagharacteristics, among which are the Color Co-occurrence
characteristics similar to late blight in terms of colormethod for anANNs and a multiclass SVM, the SIFT
The purpose of the above test is to check the overalliffansformed, the normalization of the RGB color space,
of the method to detect other types of diseases.  the color difference in the LAB for a multiclass SVM, with
This article is divided into several sections wher&-means it has been used between 3 and 4 clusters
disease detection methods are related. The methodol@gyresponding to the leaf, the disease and the background
describing each of the stages that compose tliethe RGB color space (Chaudhatyl, 2012 Arakeriet
segmentation of the background and the disease togetBkr2015; Sharmat al, 2017); obtaining efficiencies of up
with the calculation of the percentage of affected area tsf 99.35% with a high computational cost and low
the leaf are introduced\dditionally, the experimental Statistical relevance due to the quantity of images
results are shown along with the evaluation of the resulgvaluated. Howevein Mohantyet al (2016) they worked
with 54306 images where a CNN was trained to identify 4

MATERIAL AND METHODS crop species and 26 diseases, however there are limitations
due to the variation of the conditions of the images during
State of the art the training phase, substantially reducing the accuracy

Among the methodologies that have been proposedithis modelAlthough it is important to identify the type
for the detection of diseases using digital imagef disease that plants have, for epidemiological studies it
processing techniques are two approaches. Fingtly is necessary to study the progress of diseases over time
have the analysis of thresholding by color for thé populations of plants by means of mathematical models
segmentation of the background and the diseasbat allow the farmer to take the most appropriate control
Secondly machine learning techniques have beemeasures according to the state of the leaf, among these
implemented where characteristics of color spaces an®dels are the estimation of the affected area in the foliage
extracted, such as RGB, HSV and LAB to segment, trathat is given in percentage to determine the rate of
and classify the different types of diseases that occur development of the disease (Escalante & Farrera, 2004;
plants (Huang, 2007; Meunkaewijineteal, 2008 Wiwart ~ Patil & Bodhe, 2011).
etal, 2009; Baghel & Jain, 2016; Patel & Dewangan, 2017).

For the background segmentation, the RGB color Methodol ogy
spaces (G channel and the difference of G and B channels)The methodology proposed in this article can be
and HSI (S channel) were used; where the thresholds aksscribed from the diagram shown in Figure 1, where it is
established in a heuristic, adaptive or statistical wagivided into three sequential stages.
(Hlaing & Zaw; 2017; Sharmat al, 2017; Singh & Misra, First, the PlanVillage database that has healthy and
2017), howeverno error metric is used to evaluate theliseased tomato leaves is used. Secondly background
segmentation result, since it is generally donand disease segmentation for its detection is performed.
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Figure 1: General scheme for the detection of the affected afehytbphthora infestandisease in tomato leaves.

As a last stage, the percentage of affected area in the This procedure was necessary to obtain an error metric
plant is determined. For the validation of the method, theith respect to the algorithm proposed for the
referred error of the percentage of the area found segmentation of the background and the disease as well
calculated and compared with one of the methodss the detection of the percentage técted arealable
documented in the state of the art, in addition, this summarizes some of the selected images along with the
procedure is evaluated with another color space. number of pixels found.

Database Segmentation of the disease

For this work, we used the Plavillage database For the segmentation of the diseased it was necessary
available in Mohanty (2016), which has three versions ¢ develop an algorithm to detect and extract the
the images captured for the 14 fruits with different diseasdsackground of the leaf. Therefore, a Gaussian filter that
« In color. allows to smooth the abrupt changes that are present in
the background due to variations of lighting and textures
is applied. On the other hand, morphological operations of
erosion and dilation are carried out to complete the regions

Where the images have a high resolution, captured #finterest of the image and transformations to other color
uncontrolled conditions and labeled by plantgpaces to eliminate the background.
pathologists experts; For more details about the database, For the selection of the color space and channel, the
consult Hughes & Salathe (2016). For this case, we workeélor models that were mentioned in the state of the art
with the tomato, with healthy leaves (1592 images) andere considered and a manual segmentation of the
diseased bfhytophthora infestand 909 images). background of the 100 images selected from the database
mentioned ifMable 1, was carried odthe G and B channels
from the RGB color space and the H and S from the HSV
In the segmentation of both the background and thg|or space were tested for the background and the CR

disease is necessary to carry out the validation of thgmychcr A from LAB, I fromYIQ andT fromTSL for the
methodology in each of these stages. For which, the argaeased.

of interest (leaf and disease) was manually selected by | Figure 3 it is observed that the H and S channel of
means of a digital image editor that will find the number ghe HSV color space allows the detection of a greater
pixels. Figure 2 shows the process of selecting the regiggigrcentage of area (86% to 94%) for the different variations
of interest using the GIMP software tools. of lightning and texture that the background has. While, |

In this case, 100 images from the database (50 healtfyyq T channels exceed 95% of detection area.
and 50 diseased) were randomly selected to determine the

area of the leaf. In addition, 1909 images corresponding to Extraction of the background
diseased tomato leaves were selected to find the numberThe steps to extract the plant with respect to the
of pixels corresponding to the diseased area of the leahackground are shown in below

* In grayscale.
* Segmented (elimination of the background).

Regions of Interest
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/I Extraction of the background
Input: Image (1)
Output: Segmented image (IreB), Segmented binary
image (I seg)
Start
Ihsv « rgb2hsv(I)
Is « Ihsv(:,:,2)
Apply Spacial Gaussian filter to Is (x, y), 0=2 [I¢,]

_ (L Silgy(xy) > 0.23
Alx.y) = {0, In other case

//Apply morphological operations
B « Diamond with distance « 2
le « A © B={Z|(B), nA° # 0}
B « Diamond with distance « 3

ld «Ie @ B ={z|(B), n1e = 0}

Fh(x,y) =
{1 - Id(x,y), If (x,y) is at the edge of
Id
0, In other case
Incs(x,y) =

{return the pixel's color, If Fh(x,y) =1
R=0,6=0,B=0, If Fh(x,y) =0

Ihsv « rgb2hsv(lgzs)
Ih « Ihsv(:,:,1)

fen = oS <ne
Fh(x,y) =
1-1(x,y), If (x,y) is at the edge of
{ of f
0, In other case
Iseg « Fh(x,y)
Ines(x,¥) =

{return the pixel’'s color, If Fh(x,y) =1
R=0,6=0B=0, If Fh(x,y) =0

End

To validate this method, the error referring to the siZe

of the image was calculated using the dafEainle 1 and

the result of the algorithm by means of equation 1, Figu

4 shows the result of the algorithm. That is to say:

<
- <A
Refered error = l

Where:

S,: Segmentation of the leaf manually (number of pixels).
S,: Segmentation of the leaf by the algorithm (number ¢ L(x,y)

pixels).
T,: Image size (number of pixels).
To calculate SEquation 2 was implemented.

—'S‘V'T* 100 (1)

Sa=Y,_, Y Isedi ) =1
Where:

Iseg Segmented binary image.
m: Number of rows.

(2)

n: Number of columns.

Detection of the disease

Once the background has been removed, it is necessary
to identify the healthy and diseased part of the leaf, as

indicated in the following algorithm:

/ Removal of the healthy part of the leaf
Input: Image (IreB)
Output: Imagewith only thediseased part of theleaf
(Tp9)
Sart
Iyiq < rgb2yiq(Ires)
Ii « Iyiq(:,:,2)
1, If Ii(x,y) > 0.028

IsCoy) = {0, In other case
Ls(x,y)

return the pixel's color, If Is(x,y) =1
_{ R=0,6=0B=0, Ifls(x,y)=0

End

In Figure 5b the disease is shown eliminating the

healthy part of the leaf, howeyehe algorithm presents

problems when the leaves have areas with a shade of white
and some shadows caused by the variations of illumination
with shades similar to the one of the illness. Therefore, itis
necessary to develop the following algorithm to eliminate

these areas as shown in Figure 5c.

// Detection of the disease
Input: mage with only the diseased part of the leaf
(Ips)
Output: Imagewith the detection of the disease(le),
Segmented image with the disease (Is)
L Sart

Itsl « rgb2tsl(I,s)

It « Iyiq(:,:,1)
Apply Spacial Gaussian filter to It, 0=2 [I,]

(1, If Igg(x,y) > 0.3
Is(x,y) = {0, In other case
_ {return the pixel's color, If Is(x,y) =1
"l R=0,6=0,B=0, If Is(x,y) =0
End
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Figure 2: Selection and count of pixels of a) total area of the leaf b) diseased area of the leaf using the GIMP software.

Table 1. Number of pixels of the healthy and diseased leaves of the tomato leaves of thdIRtgntlatabase

No. Healthy L eaf Photo Quantity Pixel Sheet Photo Diseased Sick Quantity Pixel Disease
1 8 21823 53 8680
2 24 29317 55 29244
50 713 20465 1204 26158
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Figure 3: Ratio of the detection area percentage according to the channels of each color space.

Figure4: Background segmentation.
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Table 2: Relative error in the segmentation of the background

M ethodologies Healthy [%] Sick [%] Averageerror [%]
1. Proposed method 1.40 £ 3.55 1.93+3.24 1.67 £3.40
2. Segmented database 0.79 £ 0.50 0.91+5.80 0.85+3.15
3. Operations in RGB 2.12+2.80 2.02 + 3.96 2.07 +3.38
4. Operations in RGB and HSI 2.51 +10.58 3.49+7.13 3.00 + 8.86

Table 3: Methodology limitations in the detection of the disease with a) Proposed method, b) K-means with LAB, ¢) K-means with HSV

M ethodology Proposed method K-means +HSV K-means+LAB

Results

Table 4: Measurement error of thefe€ted area percentage of the leaf

M ethodologies Referred error [%]
1. Proposed method 4.32+5.44
2. K-means with LAB (Sharmet al, 2017) 7.72+7.24
3. K-means with HSV 10.36 £ 7.60

Table 5: Computation times of evaluated methodologies

M ethodologies Time [g]

1. Proposed method 0.03+£0.01
2. K-means with LAB (Sharmet al, 2017) 5.15+0.28
3. K-means with HSV 491 +0.21

Table 6: Results of the methodology for each severity

Severity level None

Banana Image

Disease detection
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Percentage of Area affected by the disecase to this with respect to the color space used; these
To determine the percentage of arefecéd by the algorithms were implemented in the software of Matlab®
disease, the following algorithm is implemented using tH8 @ computer with Intel CORE i7 processor with 16GB

segmentation of the leaf and the disease. RAM to establish the computation time in the measurement
of the percentage of affected area. In the third stage, this
/I Percentage of area affected by the disease methodology is validated by detecting other diseases that

have similar characteristics Rhytophthora infestans

I nput: Quantity of pixels of the segmentation of
terms of color

theleaf by the algorithm (Sa), Segmented | mage

with the disease (1) Background segmentation

Output: Percentage of area affected (Por), Quantity For this case, the comparison is made with three
of pixels corresponding to the disease (areaf) approaches of the state of the art where the background of
Sart the image is eliminated. For the first approach, shown in
Label connected components (L) with 8 neighbors of Is Figure 6a, the PIaM]Ilage database where the imageS with

the segmented background for all tomato leaves, both
healthy and diseased is used. These are available in
Mohanty (2016). In the second approach, shown in Figure
6b, the background extraction is performed with the RGB’

G and B channels. This method was proposed by Hlaing &
Zaw (2017). In the third approach, shown in Figure 6c, the
RGB's G and B and HSI'S channels are uséthis method

was proposed by Sharragtal. (2017).

for i = 1:1 steps: length(unique(L))
area « length(find(L == i))
if area > 30
counter « counter + 1;
ind(counter) « i;
End
if counter > 0 then
fori = 1:1 steps: length(ind)

area(i) « length(find(L == ind(i))) Detection of the disease

areaf « sum(area); In order to validate the proposed methodology in the

Por « (areaf » 100)/Sy; detection of the percentage of diseased area of the leaf,

End the work developed iirakeriet al (2015) was selected. In
else then Por « 0; this approach, the K-means classifier is used with 3 clusters

End if that represent the background, the healthy and diseased
End part of the leaf, respectivelyith LAB’SA and B channels,

and the Euclidean norm to calculate the distance between
the centroids and the pixel. In addition, a variation of this
To validate this method, the error referred to the size afethod is proposed using H3W and S channels, taking
the image was calculated taking into account the manuato account that this color model has been used to segment
segmentation of the area which corresponds to the diseasgjons of interest obtaining good efficiency (Cleeal,

for which equation 3 was used. 2008).
AE - area i i
Refered error :—l T ! * 100% 3) Disease Segmentation
' Finally, this methodologyvas tested on banana leaves
Where: with black Sigatokaandyellow SigatokaThis disease

initially manifests itself with vertical stripes of red - brown
ﬁﬂn in 2-4 leaves, as the lesion progresses stripes change
to a dark brown surrounded by a yellow hajejlow
areaf Number of pixels corresponding to the disease i§igatoka it is very common in cool environments and
the sheet obtained by the algorithm. altitudes higher than 1600 meters above sea level. This
Ti: Image size (number of pixels). disease manifests initially with vertical yellow strip&s.
i L the lesion progresses, the color becomes more vivid,
Evaluation and validation procedure making it more visible and then changes to a brown color
For the evaluation and validation process three stag&grrounded by a black border and a grey centre (Pérez,
are established, in the first stage the comparison is mag®12). Considering that the tonality characteristics of these
with other approaches of the state of the art to quantifyo diseases are similar to tRaytophthora infestanst
the efficiency of each in the segmentation of thevas decided to implement the method proposed in this
background. In the second stage, the procedure presentextk, for which it was necessary to build a database
inArakeriet al (2015) is implemented, along with a variantonsisting of 465 images that veecaptured by visiting

AE: Number of pixels corresponding to leaf diseas
obtained manually
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different plantain crops in the Risaralda region. In Figure Background segmentation

7, the organized database is observed according to thenext, each of the methods described in methodology for
percentage of stage associated withlifeek Sigatoka the segmentation of the background is compared. Figure 8
andyellow Sigatokaseverity scale, as shown below:  rgjates the results obtained using the images selected from
- Percentage of stages 1 and 2: Low Severity Table 1, where a correct segmentation is observed. Hawever
- Percentage of stages 3 and 4: Medium Severity these methodologies have certain limitations when there
are dark shadows on the leaf or when the background has a
shade similar to the disease, as shown in Figure 8. These
RESULTSAND DISCUSSION proplems appear when a hig_h variability of illumination in
the images of the database is present.

This section shows the results of the methodology |nTable 2, the error in the segmentation of the background
developed and the comparison with other state of the @t each of the methods evaluated is shown, where it is
approaches is carried out. evident that 1 and 2 have a better performance. Hoyfewer

- Percentage of stages 5 and 6: High Severity

c)

Figure5: Segmented image a) Leaf with the disease, b) Elimination of shadows and healthy parts of the leaf, c) Segmentation of the

disease.
RGB
image
F1=Threshold
G channel
‘ RGB Convert from
image 7| RGB to HSI
X=Subtract
channel G and B ‘ l
e Fi=Tiveshold F2=Threshold S
G channel channel
Tomato Plant
Village | F2=Threshold X I l
S e R
‘ : | Apply Apply
d morphological morphological
Sick wath operations operatons
Phytophthora ( | [ Apply F1 | F2 l
Infestans

: I
g
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morphological Segmented leaf
operations

| Segmented leaf I

Figure 6: Segmentation of the disease using: a) Dataset Pltade, b) Operations in RGB, c) Operations in RGB and HSI.
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the second case that corresponds to the database, tHeetection of the percentage of affected area

methodology developed in order to create a threshold is not The results of the implemented algorithm for the
evident. It is important to have in mind that these imagegetection of the disease and the comparison of the K-
having a high resolution, any region that is not segmentgtbans method with LAB and K-means with HSV are
Table 3 shows the results of the algorithm implemented
for the detection of the disease and the comparison of the
method of K-means with LAB and K-means with H8V
background is carried out since they have disease-like
shades (brown), so it is convenient to capture with a
background other than gregince this color can vary
Medium High
- the K-means classifie©On the other hand, it is observed
that K-means with the H and S channels presents a greater
error in the segmentation of the disedsdle 4 shows the
However in computation time the method proposed in
this article has a low computational cost compared to the
other strategies implemented, as evidencdale 5.

will have a significant contribution in the error indicated. Note that Figure 9 shows the need to use the
two-colour spaces (YIQ and TSL) to eliminate the parts
better K-means result is seen when L&#Band B channels
are used compared to HSVH and S channels for the
significantly depending on the illumination. Howevieis
observed that the proposed methodology has better results
errors obtained by determining the percentage of affected
area on the leaf. Note that all three strategies have good

that do not correspond to the disease.

Healthy Low same leaves. The methods have an inconvenient when the
when discriminating this type of information compared to
efficiency.

Banana

Figure 7: Annotated database of banana leaves.

Figure 8: Failures of background segmentation of sick leaf (a) with: (b and c) the proposed methddcdoglye) Plariillage
database, (f and g) Operations in RGB, (h and i) operations in RGB and HSI.
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Diseased leaf YiQ TSL

Figure 9: Results of the proposed methodology for the detection of the disease.

Detection of black Sigatoka and yellow Sigatoka great importance, since with the current technological

Table 6 shows the results in the detection of diseag@liferation allows farmers to use this type of tools that
for each of the severities, where it is observed that f&#low them to improve the productivity of their crops.

each of the stages it is possible to detect these stripes

with their respective color variation at the site of the lesion. NOMENCLATURE
The nonenclature used in the document is provided
CONCLUSIONS here for quick reference.

A methodology was presented that allows the detectiéH=B - Red (R), Green (G), Blue (B).
of Phytophthora Infestans, black Sigatoka and yellowmS| - Tone (H), Saturation (S), Intensity (1), (Gonzadtz
Sigatokadiseasesin tomato and banana leavesal., 2009).
respectlvglydeterm!ned the percentage of ardeaiéd HSV-Tone (H), Saturation (SYalue that is the brightness
by thg lesion, _obtammg reliable results for the _developmegby (Gonzalezt al, 2009).
of this task with an error of less than 5% using the Plant
Village databasaith regard to the tests done on banankB - Luminance (L), Color range from green to red (A),
leaves in an exploratory way with the proposed algorithriz0lor range from blue to yellow (B), (Gonzagtal, 2009).
it was possible to detect satisfactorily the variations of théCBCR - Luminance (Y), Difference of the components of
disease, evidencing the versatility of the method to achiewelor of blue (CB), Difference of the components of color
different detections with visual information of the I1&%ith  of red (CR), (Gonzalezt al, 2009).

this information it is possible to determine the percentagﬁQ - Luminance (Y), (I and Q) Chrominance that includes

of severity that the plant has, since the leaf area aﬂ‘lje components of color from orange to cyan and from
percentage of affected area are known, to apply Preventives en to magenta respectivegonzale®t al, 2009).
corrective or curative measures according to this _ )
percentage. In many of the works developed for thESL - Hue (T), Saturation (S) and Luminance (L), (Gonzalez
detection of diseases, LABA and B channels the HSy  ©tal, 2009).
channel H color spaces are usually used, in this caseSIFT - Transformation of scale invariant characteristic.
was decided to use other color spaces such as YIQ gRgp - Deep convolutional neuronal network.
TSL obtaining reliable results in the detection of the disease i
at a low computational cost compared to the otheﬁv'\/I -Vector Support Machine.
proposed methods of the state of the art. ANNSs -Artificial neural networks.
On the other hand, this methodology was evaluated Ko R - Erode.
another disease that has similar characteristics in termsA(gB _ Dilate
color, obtaining satisfactory results in the detection of the '
affected areas. It is important to note that although tH&-Structuring element.
proposal has its limitations, a thorough test of the algorithrgb2hsv - Convert from RGB color space to HSV
was performefd., so it was essential to label the d'seas,eré%Ztsl - Convert from RGB color space to TSL.
verify the efficiency of the developed algorithm. This
method is a diagnostic support tool that allows the user{@P2Yid - Convert from RGB color space to YIQ.

automatically know the evolution of the disease. This is @f - Deviation.
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