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ABSTRACT: 

 

Brazil is one of the world leaders in citrus plantation, and the production of orange juice is economically important in the export 

scenario, being regarded as a fundamental agricultural commodity in Brazil. The worst citrus disease is Greening, or Huanglongbing 

(HLB), a bacterial disease which cannot be cured and to which no plant variety is immune or resistant. Currently, control of HLB is 

through the inspection of orchards and the immediate elimination of plants displaying HLB symptoms, plus chemical or biological 

control of the insect vector (psyllid). The HLB disease has high economic impact on Brazilian and world citriculture, due to the 

extreme damage to crops. Based on remote sensing techniques, the mapping of diseased and healthy citrus plants from hyperspectral 

images was carried out, generating a product that could help in the monitoring and control of HLB in Brazilian citrus orchards. The 

methodology to produce a health map goes through the following stages: aerial image acquisition, radiometric field measurements, 

hyperspectral cube orientation, and data analysis for detection of HLB in citrus. The field survey was performed in Guacho Farm- 

Brazil and hyperspectral images were acquired by a Rikola camera onboard a light aircraft, obtaining images with 0.50 m of Ground 

Sample Distance (GSD). The hyperspectral cubes were classified with Spectral Angle Mapper (SAM) algorithm to produce the 

health map. Plants infected with HLB were detected with an accuracy 61.2%, the validation of the health map was verified by 

samples were analysed in the laboratory to confirm HLB.  

 

1. INTRODUCTION 

The technological innovations from Precision Agriculture have 

contributed to agronomic development by optimizing and 

automating the processes involved in agriculture, leading to 

benefits in agricultural production and to the environment 

(Zhang et al., 2002). 

 

Brazil is a world leader in the production and export of various 

agricultural products, being the main producer of citrus, in 

particular, of orange juice. Phytosanitary control of crops is 

fundamental to the maintenance of quality in agricultural 

production. 

 

The world’s citrus disease is greening (Fundecitrus, 2009), 

however, officially named Huanglongbing (HLB), Chinese 

"yellow dragon disease" (Feichtenberg et al., 2005). The first 

sign of the disease was recorded in southern China in 1919 

(Bové, 2006); in Brazil, HLB was found in 2004. The insect 

vector of the disease is a psyllid Diaphororina citri which 

transmits the bacteria (Fundecitrus, 2009). The bacterium can 

be of three species Candidatus Liberibacter asiaticus, 

Candidatus Liberibacter africanus and Candidatus 

Liberibacter americanus (Jagoueix et al., 1994; Teixeira et al., 

2005). 

 

The importance of HLB lies is in the fact that there is no 

resistant or immune plant variety. Infected plants become 

rapidly unproductive and significantly increase the cost of 

production because of vector control with the use of insecticides 

or traps (Feichtenberg et al., 2005). HLB is a disease with great 

economic impact on Brazilian and world agriculture, due to its 

high damage power and the resultant crop failure. 

 

The current form of control of the HLB is the inspection of 

orchards and the immediate elimination of plants with HLB 

symptoms. The chemical or biological control is also performed 

as a measure to contain the transmitting vector of the HLB-

causing bacterium, in this case the psilid Diaphororina citri 

(Girardi et al., 2011). However, controlled use of pesticides is 

regarded as being of great importance, particularly because of 

the risk of contamination of humans, soil and the environment. 

 

The monitoring of citrus diseases and their identification in the 

first stages are fundamental to guarantee the efficiency of 

chemical control, and a survey of crops should be carried out 

frequently. Monitoring through the use of images is a potential 

tool for mapping diseases in agricultural crops. 

 

Significant changes in crop spectral response due to nutrient 

deficiency and the presence of weeds in the plantation can be 

detected by using of hyperspectral images, as demonstrated by 

Goel et al. (2003) in their research involving corn crops. 

 

Goel et al. (2003), obtained hyperespectral images with the 

CASI sensor (Compact Airbone Spectrographic Imager) 

configured with 72 bands of 409 nm at 947 nm. They applied 

radiometric, geometric and atmospheric corrections to their 

images to obtain reflectance values, and analysed the spectral 

curves extracted from the images. 

 

Hyperspectral data obtained by spectrometers with field or 

laboratory measurements have also been used in the diagnosis 
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of diseases in agriculture, where methodologies are based on the 

spectral properties of the plant to discriminate diseased plants 

(Sirisomboon et al., 2009, Jin et al. 2013, Yuan et al., 2013). 

Identification of diseased plants is important in monitoring a 

crop's phytosanitary condition and the definition of adequate 

management to control the disease. Remote sensing technique 

for detecting disease and stress factors in plants were evaluated. 

  

Abdulridha et al. (2019) developed a low-cost multispectral 

imaging sensor to detect laurel wilt disease in avocado trees 

based on artificial neural network classification. The 

classification method accuracy detected the disease with 99 % 

of accuracy in asymptomatic stage. Salgadoe et al. (2018) 

quantified the severity of Phytophthora root rot disease in 

avocado trees using satellite images analysis to produce a 

disease severity map. Albétis et al. (2017) evaluated the 

feasibility of discriminating the Flavescence dorée grapevine 

disease using potential variables computed from multispectral 

images. 

 

The combination of multispectral images (GSD 0.5 m) and 

hyperspectral (GSD 0.7 m) airborne images with hyperspectral 

measurements performed in the field and laboratory can provide 

even more refined data to identify changes due to disease in 

agriculture, as, for example, in the citrus crop presented by Li et 

al. (2012), which identified areas infected by HLB. Li et al. 

(2012) also used different classification methods. Their results 

were more stable with classifiers based on minimum distance 

and Mahalanobis distance and it is believed that using terrestrial 

truth information in the training of classifiers can contribute to a 

faster detection process. 

 

Remote sensing and photogrammetry products are presented as 

a potential tool in precision agriculture applications, 

encouraging the development of new methodological 

approaches that produce good spatial information to assist 

farmers in agricultural production planning and decisions. 

 

In this context, a feasibility study was carried out based on 

remote sensing techniques, aiming at mapping diseased and 

healthy plants from hyperspectral images, generating a product 

that assists in the monitoring and control of HLB in citrus in 

Brazilian orchards. The methodological approach involved 

aerial survey with field support, radiometric measurements, 

image processing and analysis of data collected for the detection 

of HLB in orange trees in Brazilian orchards. 

 

The maps generated enabled the location of diseased plants 

within the field, and the removal of the diseased plant from the 

orchard. If the image detected some type of alteration in the 

plant, some appropriate management measures can be adopted 

to correct the problem. 

  

2. METHODOLOGY 

 

2.1 Hyperspectral cube acquisition and radiometric 

measuring 

The study area was located at Fazenda Guacho in the 

municipality of Santa Cruz do Rio Pardo-SP, Brazil ( 

22°47'37.27 "S and 49° 23'42.55" W). The test area selected 

was plot 01 of zone 275 that has an area of 15.26 hectares. 

 

The variety of orange planted in this field was “Natal” with a 

transplantation of “Limão Cravo”, with mature plants aged 22 

years (planted in January 1997). The row spacing of the plots 

was about 3.8 x 7.5 m. The field had about 4777 orange trees. 

The field borders a pasture area and a road that connects the 

Castelo Branco Highway to the municipality of Óleo.  

 

The field survey was carried out in the study area and images 

with a GSD of 0.50 m were acquired. A Rikola hyperspectral 

camera model DT-0014 (Figure1.a) was used with a Fabry-

Pérot interferometer (FPI), which has the capacity to acquire 

images in the spectral range of 500 to 900 nm and can obtain up 

to 25 spectral bands. The camera bands can be configured 

automatically or manually (Senop Ltda, 2014). The flight was 

performed in April 2018 with a light aircraft with a flight hight 

of 800 m. Table 1 shows the image specifications. 

 

 
Figure 1. (a) Hyperspectral camera. (b) Espectrometer. 

 

Table 1: Image specifications. 

GSD (m) 0.50 

Images number 100 

Flight Height (m) 800 

Flight area (m2) 4211162 

Image size (linesxcolumn) 4190x3640 

 

Targets assembled with Ethylene Vinyl Acetate (EVA) for 

radiometric correction were distributed in the field for the 

acquisition of images. Light gray, dark gray and black tone 

targets (Figure 2a) were used as reference materials, and their 

reflectance were measured with a spectrometer (Figure 1.b). The 

spectrometer model was the FieldSpec HandHeld® UV / NIR 

ASD, which collects spectra in the spectral range from 325 nm 

to 1075 nm with a sampling range of 1.6 nm (ASD, 2003). This 

equipment is portable having a 25º field of view (FOV), and 

filters allowing FOVs of 1 ° and 10 °, the last angle was adopted 

in this work. 

 

Limestone targets (Figure 2.b) were distributed in the study area 

for the geometry correction in the phototriangulation process. 

These targets were surveyed with a  double frequency GNSS 

(Global Navigation Satellyte System). 
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Figure 2. (a) Radiometric Targets. (b) Geometric Targets. 

 

During the images acquisition a spectrometer was used to gather 

radiometric measurements in the orange orchards to obtain the 

spectral curves of the healthy oranges and those infected with 

HLB. With the spectral curves measured in the field, a spectral 

library was constructed to serve as reference in the procedures 

of radiometric correction and images classification. Figure 3 

shows examples of healthy orange and those infected with HLB. 

 

 
Figure 3. (a) Healthy orange. (b) Orange with HLB. 

 

 

2.2 Hyperspectral Cube Processing 

 

Figure 4 shows the flowchart of steps that summarize the 

hyperspectral cube processing. Each step will be later presented 

in details. The hyperspectral cube underwent the Dark Current 

correction process, using a dark target to eliminate noise from 

the camera electronics. With the geometric calibration data and 

the initial coordinates of the GNSS receiver, four bands were 

selected for phototriangulation using the Agisoft Photoscan 

software based on the Bundle block adjustment method. 

 

The process of radiometric correction of the hyperspectral 

images was carried out using software developed by 

Honkavaara (2013) in which a transformation is made to a 

standard acquisition geometry with the consequent 

minimization of the Bidirectional Reflectance Distribution 

Function (BRDF). This step was based on the Walthall model 

(1985) with the normalization of scenes to minimize the effects 

of illumination variation, as developed by Hakala et al. (2013), 

producing an orthophotomosaic. 

 

In order to perform this correction, exterior and interior 

orientation parameters, a Digital Surface Model (MDS) with the 

same GSD of the 0.50 m hyperspectral cube, sparse cloud and 

radiometric correction parameters were used (Honkavaara et al., 

2012; 2013). Hence, the generated orthophotos mosaic 

generated presented the same GSD as the original images. 

 

The hyperspectral images orthophotomosaic were 

radiometrically adjusted through the empirical line in the ENVI 

software, using data from the targets considered as radiometric 

references. Empirical line calibration is a method based on 

linear regression, which calculates the transformation factors of 

digital numbers (NDs) into physical units (Smith and Milton, 

1999; Sahoo et al., 2013). In this case, the pixels were 

transformed to Conical Hemispheric Reflectance Factor 

(FRHC) values based on the spectral reference curves of the 

spectral library samples obtained in the field, in this case the 

radiometric targets and a tree infected with HLB. 

 
Figure 4.  Flowchart of hyperspectral cube processing
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Figure 5. Orthophotomosaic radiometrically corrected. 

A procedure was carried out to remove that part corresponding 

to the streets and spaces between trees presenting weeds, as 

there was some confusion of the weed class with the plants 

infected with HLB. The DSM was used to create a mask 

delimiting the areas that would be removed, keeping only the 

portion of the tree canopy in the image (Figure 5). A coincident 

study area was defined, including the survey data and the area 

overflown, based on the distribution of validation points of the 

inspection performed by Agroterenas. 

 

After the removal of weed pixels, a Spectral Angle Mapper 

(SAM) supervised classification algorithm (Kruse et al., 1993) 

was used to detect HLB infected and healthy plants. The SAM 

algorithm is based on spectral similarity considering the angle 

between reference spectra as a parameter to identify the classes 

(Kruse et al., 1993). Samples were selected from a healthy plant 

and one infected with HLB. Empirical values were defined for 

each of the variables considered in the classification. 

 

The results of the classification were validated with plants 

directly inspected by Agroterenas. Agroterenas carried out three 

inspections in field 251, in March 2017, in February 2018 and 

in May 2018. Table 1 shows the number of trees infected with 

HLB according to the inspections by Agroterenas. Considering 

that trees infected with HLB were coincident in the three 

surveys, 175 trees were confirmed with HLB in the technical 

survey to validate the classification. Figure 6 show the spatial 

distribution of trees infected with HLB after technical 

inspection. 

 

 

Technical 

inspection 

Number of trees 

infected with HLB 

March 2017 60 

February 2018 92 

May 2018 96 

 

 
Figure 6. Spatial distribuition of trees deteted with HLB after 

technical inspection. 

 

3. RESULTS 

Table 3 presents the error of the geometric parameters of the 

hyperspectral images in the phototriangulation process.  

Table 3: Errors the geometric parameters of the hyperspectral 

images in the phototriangulation process. 

GSD 

Size 

(m) 

X error 

(m) 

Y error 

(m) 

Z error 

(m) 

XY 

Error 

(m) 

Total 

Error 

(m) 

0.50 0.36 0.45 1.02 0.57 1.17 

  

Orthophotomosaic were generated, with the processing of the 

hyperspectral cube radiometrically corrected. From the 175 

HLB-infected trees inspected by the technicians, the plants 

classified from the hyperspectral images (Figure 7) presented an 

accuracy 61.62% in the detection. Considering the total of 696 

trees in the validation area, 83 trees were detected with HLB 

correctly, and 344 healthy trees were detected correctly. 
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However, there were 96 false negatives and 170 plants detected 

as false positives. False positives correspond to plants classified 

with HLB but that were not confirmed by the technical 

inspection. The high presence of false positives is due to the 

presence of weeds, saturation of the image, asymptomatic plants 

and confusion of the classifier. Kumar et al. (2012) and Li et al. 

(2015) obtained an approximate accuracy of 60% when using 

the Sam algorithm to classify Valencia and Hamlin oranges with 

HLB using hyperspectral images in Florida, this shows the 

consistency of results is Brazilian orchards.  

 

Figure 7. Citrus health map. 

 

4. CONCLUSION 

In this work was produced a health map goes through the 

following aerial image acquisition, radiometric field 

measurements, hyperspectral cube orientation, and data analysis 

for detection of HLB in citrus. 

 

Hyperspectral images were generally of good quality, with no 

apparent variations in illumination due to clouds that could 

interfere with the processes that followed. The application of 

the calibration by empirical line produced data with Conical 

Hemispheric Reflectance Factor values. 

 

Accuracy in the detection of HLB was 61.2% for GSD of 0.50 

m. The high detection of false positives is a challenging factor 

in the differentiation of plants with HLB. The hypothesis is that 

the presence of weeds at the edge of the tree caused confusion 

of the classifier in differentiating the plants infected by HLB. 

The saturation of the image and the presence of shadows caused 

by the citrus canopy architecture itself, are factors that 

contributed to the high number of false positives. All these 

factors should be better evaluated and more thoroughly and 

more efficient automatic processing solutions should be 

explored. 

 

The innovations of precision agriculture open possibilities to 

facilitate the activities developed by the farmer, improve 

agricultural production, reduce environmental impact and, 

mainly, contribute to the development of more sustainable 

agriculture in Brazil. 
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