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ABSTRACT 

India is agricultural nation with 19.9% share of agriculture in GDP, India as a nation is geographically and 

demographically very wide and so is the variety and diversity ofcrops it cultivates, crops are generally 

cultivated in three main seasons, that are rabi, kharif and zaid, Food crops primarily cultivated include - Rice, 

Wheat, Millets, Maize, Pulses, Sugarcane, Oilseeds, Horticulture crops, Tea, Coffee, Rubber, Cotton, tomato, 

and Jute. Harvesting tomato is among the most profitable agriculture venture. Commercially crop is an 

excellent option as it can be harvested four times a year and for tomato yielding happens in short time almost 

50 to 60 days after sowing. Tomatoes happen to be major dietary source of the antioxidant lycopene, that have 

abundant of health benefits, even reduced risk of heart disease and cancer. Tomatoes are also great source of 

vitamin C, potassium, folate, and vitamin K. Major state producers include Andhra Pradesh, Madhya Pradesh, 

and Karnataka. However even Tomatoes are prone to number of diseases like bacterial stem, early blight, wilt 

disease, fusarium wilt, leaf curl, damping off and Septoria leaf spot. Conventional techniques include inspection 

by human expert to identify anomalies in tomato plants caused by pests, diseases, climatic conditions, and 

nutritional deficiencies. Automated techniques included infection and disease identification employing artificial 

intelligence and image processing algorithms,but these algorithms had less accuracy later deep learning 

approaches embedded with hyper spectral imaging techniques were explored, which not only increased 

accuracy in early disease identification but also gave insight on various features such as stress level and 

optimum health. Paper presents a comprehensive survey on evolution on algorithms and techniques for 

determining and identifying severity of infection, disease type, stress level and optimum health of crops. 

Keywords: deep learning, hyper spectral imaging, Tomato, severity of infection, disease type, stress 

level.  

 

1. INTRODUCTION 

India is agricultural nation with 19.9% share of agriculture in GDP, India as a nation is geographically and 

demographically very wide and so is the variety and diversity of crops it cultivates, crops are generally 
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cultivated in three main seasons, that are rabi, kharif and zaid, Food crops primarily cultivated include - Rice, 

Wheat, Millets, Maize, Pulses, Sugarcane, Oilseeds, Horticulture crops, Tea, Coffee, Rubber, Cotton, tomato, 

and Jute. Harvesting tomato is among the most profitable agriculture venture. Commercially crop is an excellent 

option as it can be harvested four times a year and for tomato yielding happens in short time almost 50 to 60 

days after sowing. Tomatoes happen to be major dietary source of the antioxidant lycopene, that have abundant 

of health benefits, even reduced risk of heart disease and cancer. Tomatoes are also great source of vitamin C, 

potassium, folate, and vitamin K. Major state producers include Andhra Pradesh, Madhya Pradesh, and 

Karnataka. However even Tomatoes are prone to number of diseases like bacterial stem, early blight, wilt 

disease, fusarium wilt, leaf curl, damping off and Septoria leaf spot.    

The crop is quite easily affected by several types of diseases, and this very severely impacts on the quality and 

production of the tomato crop, even resulting in huge economic losses. Figure 1depicts the major producers of 

tomato crop world-wide. [1-5] 

 

Figure 1: major tomato crop producing nations [1,2] 

 

Tomato crop requires at least twelve nutrients for normal growth and reproduction. These are nitrogen (N) 

i. phosphorus (P) 

ii. potassium (K) 

iii. calcium (Ca) 

iv. magnesium (Mg) 

v. sulphur (S) 

vi. boron (B) 

vii. iron (Fe) 

viii. manganese (Mn) 

ix. copper (Cu) 

x. zinc (Zn) 
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xi. molybdenum (Mo) 

Functional operation of these major nutrients and their concentrations is depicted in figure 2. 

 

. Nutrient

. Nutrient Contents in Tomato Crops 

Contents (mg kg-1) Function

N 48000 Constituent of proteins and amino acids

P 5000 Constituent of nucleic acids

K 55000 Activates enzymes (e.g. pyruvate kinase); regulates pH of tomato fruit.

Mg 5000 Constituent of chlorophyll

Ca 25000 Component of plant cell wall. Affects the permeability of cell membranes

S 16000 Constituent of proteins and amino acids (e.g. methionine)

B 35 Regulates the level of growth substances

Fe 90 Constituent of enzymes (e.g. peroxidase, catalase)

Mn 350 Activates enzymes (e.g. malic)

Cu 15 Constituent of oxidizing enzymes (e.g. phenolase)

Zn 80 Constituent of enzyme (Carbonic anhydrase)

Mo 0.5 Involved in the utilization of NO3 -N (nitrate reductase)
 

Figure 2: Functional operation of major nutrients and their concentrations for Tomato 

 

REQUIREMENT AND ROLE PLAYED BY NUTRIENTS CAN BE SUMMARIZED AS 

Nitrogen: Nitrogen is the main component of enzyme, vitamin and green pigment and other cell organelles of 

plants. It is important for the development and growth of plant. Crops remove around 4.8 – 5.3lb of nitrogen for 

every ton of fruit produced. High rates of 223lb/ac or above are needed for average 44.6t/ac field crops. An 

adequate amount of Nitrogen is for maximum production of tomato. Its deficiency causes the growth of plant as 

well as yellowing of leaves at the lower part tomato, but it effects the mature leaves most as they die before 

time. Yellowing and dying of leaves affect the qualities like colour, texture and taste as well as quantity of fruit 

in plant. Excess of nitrogen will also decrease the production rate. 

Phosphorus: Phosphorus is important for the initial stage of development as it fasten the root development by 

the fixation of plant in soil.  A solution containing high concentration of P is normally used for tomato sapling 

in the beginning of early root development and fixation in the soil. The increased root growth stimulated by P 

helps in maximum absorption of water along with other nutrients from  the soil and improve  toughened growth 

of stem and healthy vegetative growth. Phosphorus is a component of nucleoprotein. It helps in the production 

of large number of blossoms in the early growth of tomatoes and early setting of fruits and seeds. 

 Potassium nutrition can affect the quality of tomato fruit. Potassium is required in stomatal movement for water 

regulation in the plant. It helps in activation of enzymes needed for carbohydrate metabolism and translocation, 

nitrogen metabolism and protein synthesis, and regulation of cell sap concentration. It also improved the 

durability of tomato fruit during storage. Potassium deficiency results in chlorosis and yellowing of tomato 

leaves and reduced the distance between internodes and affect the whole plant gradually.  

Calcium: calcium is also needed by tomato in large amount because of its higher concentration in the plant 
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components. Most soil has enough Calcium required for plant. Calcium deficiency occurs when soil pH 

decreases, and acidity increases in soils with poor structure or drainage 

Magnesium: It is a component of leaf pigment chlorophyll, cell wall, and organic acids. Tomato fruit crop 

production is highly increased by using Mg fertilizer (Table 8). Magnesium deficiency causes interveinal 

chlorosis in leaves at the lower arial part of the plant and goes upwards.  

Sulphur: Sulphur is a constituent of protein and amino acid. Deficiency of S in the field is rare because it is 

usually applied in combination with N, P, and K fertilizers. Acid rain and atmospheric pollution containing SO2 

also absorb S by the plants.  SO2 can causes spots on the middle and lower leaves, which become white, dry, 

and papery.  

Boron: Boron plays a significant role in the breeding and reproductive growth of tomato. It can influence on the 

production of tomato flowers and fruits. Commercial production of tomato is mainly affected by the deficiency 

of boron. The deficiency found in compost and calcareous sandy soils.  

Iron: Iron is a constituent of many enzymatic actions during in the metabolism reactions in tomato. Iron 

deficiency appears mainly highly alkaline soil and in calcareous soils. The deficiency appears as pale-yellow 

chlorosis on younger leaves at the lower arial part of plant.  

Manganese: As with Fe, Mn deficiency is increased by high soil pH. Although less common in most field soils, 

Mn deficiency may visualise in a plant grown in sandy soils, organic soils, and peats due to over liming. The 

symptom appears as pale green or yellowish interveinal chlorosis in the middle and younger leaves, leading to 

brown spots in the centre of the pale area.  

 Zinc: Zinc is a constituent of carboxy anhydrase enzyme essential for metabolism of nutrients in tomato. The 

deficiency appears as brown patches spot on leaves along with slight chlorosis.  

Copper: Cu deficiency may be seen in tomato cultivate in greenhouse soils or in soilless medium low in Cu 

content. Its main symptom visualises as curled leaves with tubular structure and curled petioles downwards.  

Molybdenum: Molybdenum is needed for N metabolism in tomato. Molybdenum deficiency can occur in acid 

soils, peats, and soilless compost. The deficiency appears as pale green interveinal chlorosis in older leaves 

Fertilizers and manures though help increase productivity but excessive use damages soil quality and 

environment. Apart from nutrient requirement, crop is also majorly affected by number of diseases. In this 

paper we are specifically focusing on identification of diseases through machine learning algorithms in Tomato 

crop. The paper is arranged as follows, section 2, presents diseases and symptoms that effect tomato crop. 

section 3 discusses evolution of learning techniques for early identification of infection in Tomato crops, section 

4 presents technique for disease severity measurement and finally conclusion is presented in section 5. 

 

2. Diseases and Symptoms: Tomato Crop  

Yield of Tomato as crop suffers from number of factors that affect its production, factors range from diseases, 

insects, animals, adverse effect of pesticides and climatic conditions. Work conducted is an effort to summarize 

innovations in infection identification of Tomato crop through Machine learning algorithms. Figure 3 depicts 

different categories of infection in Tomato crop.  Some of the most common diseases and infection that Tomato 

crop suffer from can be summarized as:    
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Figure 3: Categories of infection in Tomato crop 

Damping Off: Among one of the worst infections that crop suffer from occurring at nascent stage. Infection 

appears in two layers, pre-emergence, and the post-emergence phase. In the pre-emergence layerthe seeds die 

even before they reach the soil surface whereas in post-emergence layer infection happens in young crop, 

tissues of the collar of young crop gets infected. Infection can be controlled viaseed treatment for fungal culture 

Trichoderma viride (4 g/kg of seed) or Thiram (3 g/kg of seed). 

 

Figure 4: Early Blight infection – Tomato crop Leaf 

Early Blight: Is a very common infection type for the Tomato crop, the infection appears at foliage and can 

appear at any stage of the growth. fungalinfection attacks the foliage causing characteristic leaf spots and blight. 

The infection appears as small, black lesions mostly on the older foliage. Remedy will involve removal and 

destruction infected area. Infection is depicted in figure 4. 

Buck Eye Rot: Buckeye rot is a very severe infection for all Tomato harvesting regions. Infection causes the 

crop to rot affects the crop near to the ground. Infection occurs as greyish green or brown water-soakedpatches 

generally occurs where the crop touches the soil. Remedy would require optimum drainage resources to be 

ensured in the sowing area. 

Late Blight: infection appears when humid environment coincides with low temperatures for extended intervals. 

Lesions that appear are first irregular in shape and are large greenish-black and water absorbed. These regions 

enlarge rapidly, becoming dark brown, and under moist environment, develop a white fungal growth on the 
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lower surface of stems. Remedy comprises of rotation of crops being sown and harvesting diseasefree seeds and 

transplants. 

Fusarium Wilt: One of the worst infections that crop can face, first symptoms of the infection are dying of veins 

and chlorosis. In young plants, symptom may also comprise of dropping of petioles. Remedy comprises of 

regular inspection of wilt infected plants once infected crops should be removed and destroyed.  

 

Figure 5: Septoria leaf spot for Tomato plant 

Septoria Leaf Spot: Crop may get infected from this disease at any stage of its life, infection is characterized by 

number of small greyish circular patches with dark border, remedy involves removal of affected parts. The 

infection is depicted in figure 5. 

Bacterial Wilt:This infection makes one of the most severe impacts on crop reasons include high moisture 

content of soil and temperature. The infection is characterized by rapid and full wilting of normal grown-

upcrops, remedy include crop rotations. 

 

Figure 6: Bacterial leaf spot – Tomato crop 

Bacterial Leaf Spot: increased moisture in form of environmental conditions or rain favour growth of leaf spot 

infection. General outbreaks of the infection can be linked with heavy rain. leaves once infected show 

smallbrownish circular patches with yellowhalo. Infection is difficult to control once it appears inthe field. 

Infection free seed and seedlings should always be employed, and crop should be harvested on rotation. 

Bacterial Canker: Infection causes permanent wilting of leaves, light coloured streaks occur at the juncture of 

petiole and stem, remedy includes hot water treatment of seeds at 50°C for 25 minutes, seed treatment and crop 

rotation. 

Tomato Mosaic Virus: infection can be identified by light and day green mottling on the leaves. Leaves once 

infected gets distorted and compress in shape. Remedy comprises Seeds from disease free healthy plants and 

treatment in a solution of Trisodium Phosphate (90 g/litre of water) a day before sowing. 
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Tomato Spotted Wilt Virus: Spotted wilt virus spreads through thrips, the infection results in streaking of the 

leaves, stems, and fruits. Remedy involves removal of infected plant. 

Tomato Bunch Top Virus: Disease displays enhanced extra growth with apical proliferation. Leaflet margins 

curls towards the tips and the outward look displays puckered conditions. Remedy involves infected plants 

should be removed and destroyed.  

Tomato Big Bud (TBB): This infection effects crop parts, infection spreads through leaf hopper. Primary 

symptoms include spots that appear at the tips of the actively growing shoots. Remedy involves removal and 

destruction of the affected plant parts. 

Anthracnose: First sign of infection displays small sunkenwater filled patches, patches over time become large 

and dark in colour.Fungal infection is easily distinguishable as lesions on surface. Remedy involves having well 

irrigated soil, rotation of crop and anti-fungal treatment. 

Monitoring the health of the crops is important step towards the growth in productivity. There are certain factors 

which should be kept in mind while monitoring crop’s growth like light, water, temperature, nutrients, diseases 

and many more. Early detection of whatever issues associated with any one of the above factors can help us to 

monitor the growth in an efficient way and without wasting our resources in later stage. [13-15] 

 

3. EVOLUTION OF LEARNING TECHNIQUES FOR EARLYIDENTIFICATION OF 

INFECTION IN TOMATO CROPS 

Innovations in technology more precisely now termed as disruptive technologies have accelerated the pace at 

which expert solutions for precision agriculture are being proposed and implemented, results are better 

production and yield. Evolution of learning algorithms as depicted infigure7outlines various algorithms already 

into development and implementation stage. These Machine Learning algorithms is outcome of diversified 

advancement of many related domains, innovations and out of the box ideas.  

In earlier stages of precision agriculture and automated techniques, digital image processing was used for 

identification of crop diseases, the algorithms were usually implemented MATLAB or similar other platforms. 

With advent of innovations in techniques learning algorithms and deep learning with Neural Network started 

pitching in, these algorithms providedimproved classification and with enhanced accuracy owing to its multiple 

feature segmentation stages automatically [22]. Later several diversified approaches were designed having 

enhanced accuracy, Convolutional Neural Network (CNN) was one among them, the algorithm depicts a higher 

performance percentage when compared to at par existing traditional classification techniques.[25]. Currently 

with Deep CNN techniques like VGGNet, LeNet, ResNet, etc. performance has further significantly improved, 

reference [40] suggest technique that were trained for the prediction of tomato leaf disease that gave the most 

accurate classification performance. Number of frequently employed object detection and segmentation 

algorithms namely R-CNN, Mask R-CNN, FCN, SSD, etc., were designed for improved identification but took 

lot of time to provide improved result [36]. Later some hybrid techniques were also proposed to further improve 

the accuracy and performance of CNN algorithms. 
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Figure 7:Evolution of learning algorithms for Precision Agriculture 

Primary objective of CNN algorithm is object detection, identification, segregation, classification, etc., that 

gives excellent performance with sufficient labelled data. Innovations in CNN further resulted in hybrid CNN 

termed as Long Short-Term Memory (LSTM) [31] that very well had some of the diversified advantages of 

basic algorithm like automated feature extraction, hierarchical learning process, multitasking.H.Al-Hiary et al, 

gave a crop disease identification technique, employing k-means cluster technique embedded Neural Network. 

The algorithm performed both identification and classification of the type of crop diseases with pre trained 

model. The model provided a precise accuracy ranging between 83% and 94%. [16] Dheeb Al Bashish et al, 

proposed combined K-means cluster technique for segmentation and ANN algorithm for infection identification 

throughpattern infecting the leaf. Technique proposed worked with almost 93% accuracy. Advantages included 

efficient recognition of parameters. Disadvantages include, minor level segregation and extraction of feature is 

required.[17] Anand.H.kulkarni et al, gave an ANN algorithm for classification and identification of infected 

leaves. Gabor mask was employed for segmenting of sample images.Model designed obtained 91% accuracy. 

Advantages include,excellent classification and identification.Disadvantages incorporation of hybrid classifiers 

can further improve identification rates.[18] S.Arivazhagan et al, gave a Support Vector Machine(SVM) based 

identification technique. Model designed gave 94% accuracy. Advantages included automated leaf disease 

identification andclassification. Disadvantages NN classifiers can be employed for better and improved 

performance. [19]Usama Mokhtar et al, gave SVM technique with other kernel functions to identify tomato 

leaves infection with an improved accuracy of 99.5%. advantages were efficient and effective results. 

Disadvantages includeddiversified inputs that affects and degrades performance. [20] Sharada.P.Mohanty et al, 

designed a deep learning algorithm using AlexNet and GoogleNetframeworkthat secures aimproveddisease 

recognition percentage. Proposed trained model (GoogleNet) achieved 99.35% accuracy. Advantages included 

that classification process is very fast in algorithm proposed. Disadvantage included, numerous hours of training 

is needed.[21] Srdjan Sladojevic et al, gave a deep CNN model. After training model provided 96.3% of 

accuracy. Advantages included, designed methodology is better and achieves more precise classification. 

Disadvantages include improvement in accuracy. [22] H.Sabrolgave a classification model based on tree, 

primary  features were extracted from cleaned and  segmented sample dataset are fed as input to classification 
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tree model, which labels tomato crop infection with 97.3% accuracy. Advantage includesexcellent classification 

efficiency. [23] Mohammed Brahimi et al, gave a CNN model for enhanced labelling. Importance of CNN is 

primarily automated extraction of features from raw sample dataset.Trained model achieves 99.18% accuracy. 

The system performs with high efficiency. [24] Alvaro Fuentes et al, gave an object identification model with 

faster r-CNN, R-FCN, and SSD techniques merged with the feature extractor techniques of deep CNN. Model 

proposed displayed improved identification in output. Disadvantages include slag in working.[25] HalilDurmas 

et al, gave a DL network assisted architecture titled sqeezeNet and AlexNet for tomato crop infection 

identification. AlexNetgave improved classification accuracy of 95.65%. Advantage included, squeezeNet is 

light in weight and has very low computational support. [26] Jia Shijie et al, gave a CNN network assisted 

VGG16 model. VGG has excellent image classification efficiency and localization features. Model achieves 

89% overall classification accuracy. [27]  

Santosh Adhikari et al, gave aML assisted model supported with CNN architecture, and data augmentation 

minimizes overfitting while training the model. The model achieves overall 89% accuracy. Disadvantages 

includethat transfer learning is needed to classify all kinds of infection.[28]Konstantinos P. Ferentinosdesigned 

DL CNN assisted framework. This framework achieved aaccuracy of 99.53% after the model was tuned and 

trained. Advantage are that the model is more robust than previous versions. [29] EndangSuryawati et al, 

designed a VGG Net model, model proposed achieved 95.24% accuracy, the model is very effective in disease 

identification. Modelis less robust as compared to similar existing solutions. [30]Aravind Krishnaswamy 

Rangarajan et al, designed a pretrained DL assisted architecture for tomato infection identification. AlexNet 

achieved 97.49% of classification accuracy with very less execution time. [31]BelalA.M.Ashqargave a DCNN 

model with grayscale and fullcolour technique. Model designed achieved 99.84% accuracy for full-colour 

model.[32] KekeZhang et al, designed an optimization technique for DNN, optimal SGD with the ResNet 

technique gave an accuracy of about 97.28%. The model was fine-tuned which saved computation resources 

and time. [33] Prajwala TM et al, designed a CNN assisted LeNet model. Model achieved an accuracy between 

94-95%. The model gives almost accurate and correct identification with minimum computational effort. 

[34]Robert G.de Luna et al, designed a CNN &F-RCNN assisted model. Model designed achieved a 91.67% 

performance accuracy. Advantages are that the transfer learning identifying model gains enhanced accuracy. 

[35]MelikeSardogan et al, designeda CNN assisted model supported by LVQ algorithm. Model achieves 86% 

accuracy. Technique is gives excellent performance in early and the efficient recognition of crop leaf infection 

identification. [36]Peng Jiang et al, gave aDL assisted CNN supported by INAR-SSD model. Model achieves a 

detection rate of 78.80%mAP. Model performs with enhanced accuracy in real-time. [37] 

Qimei Wang et al, designed object identification technique [24] Model employs R-CNN with ResNet-101 

which shows a higher identification rate and accuracy of 99.64%mAP. [38]Akshay Kumar et al, designed a 

CNN-assisted framework, in the model proposed, VGGNet outperformed well and achieved 99.25% accuracy. 

[39] Mehmet Metin Qzguven et al, designed a faster R-CNN framework, designed proposed is timeconsuming 

in infection identification rates.  Framework achieved anclassification accuracy of 99.25% [40]Karthik R.et al, 

designed a CNN assisted model that gave 98% of classification accuracy, the model had achieved higher 

detection rate as compared to othersimilar existing solutions. [41] Surampalli Ashok et al, designed a CNN 
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supported model that achieved 98% accuracy. Model gave performance at par with existing algorithms. 

[42]Nithish Kannan E et al, designed combination of Deep CNN with ResNet-50 model that achieved 97% 

accuracy. Model was pretrained that employed data augmentation for enhanced performance. [43]ThairA.Salih 

et al, gave a DL CNN assisted model that secured 96.43% of classification accuracy. Model required short 

computation time as compared with other existing solutions. [44] Yang Zhang et al, designed a faster RCNN 

combined res101 technique. Combination achieved an accuracy of 98.54% mAP, proposed crop infection 

identification technique displayed quick detection speed compared to original faster RCNN. [30], Figure 8 

depicts model accuracy of learning algorithm for precision agriculture from different research articles cited. 

Methodology Used

Model Accuracy Comparision 

Reference Number Performance Metrics 

Neural Network [1] 94%

SVM Classifier [5] 99.55%

CNN (Full Colour) [18] 99.84%

DCNN (VGG) [15] 99.53%

RCNN (RESNET 101) [24] 99.64%
 

Figure 8: Depicts model accuracy of learning algorithm 

 

4. INFECTION SEVERITY MEASUREMENT 

Severity measurement of infection in crops is estimated through evaluating the ratio of area of infected region to 

complete area of the assessment, the regions in digital image processing is usually evaluated in terms of number 

of pixels. Number of tools are available with specialized features and functions to do the task. Programming 

languages like MATLAB and Python have rich library and lot of open support to assist in the task.  Percentage 

area of infected region is estimated employing following relation:  

………………………i 

The process of estimation of severity involves conversion to grey scale, estimation of infected region and 

complete area in terms of number of pixels. Segmentation and severity measurement is generally performed for 

most severe tomato infected samples so as to assess the complete damage to the crop. [47-49], several hybrid 

techniques are now also being worked upon to increase efficacy and efficiency. 

 

5. CONCLUSION 

Tomatoes happen to be major dietary source of the antioxidant lycopene, that have abundant of health benefits, 

even reduced risk of heart disease and cancer. Tomatoes are also great source of vitamin C, potassium, folate, 

and vitamin K. Major state producers include Andhra Pradesh, Madhya Pradesh, and Karnataka. However even 

Tomatoes are prone to number of diseases like bacterial stem, early blight, wilt disease, fusarium wilt, leaf curl, 

damping off and Septoria leaf spot. Conventional techniques include inspection by human expert to identify 
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anomalies in tomato plants caused by pests, diseases, climatic conditions, and nutritional deficiencies. 

Automated techniques included infection and disease identification employing artificial intelligence and image 

processing algorithms, but these algorithms had less accuracy later deep learning approaches embedded with 

hyper spectral imaging techniques were explored, which not only increased accuracy in early disease 

identification but also gave insight on various features such as stress level and optimum health. Paper presents a 

comprehensive survey on evolution on algorithms and techniques for determining and identifying severity of 

infection, disease type, stress level and optimum health of crops.From the in-depth survey of recent articles for 

precision agriculture it can be summarized that Machine learning algorithms are finding lot of potential in smart 

farming, learning algorithms like Neural Network(94% accuracy), Support Vector Machines (99.55% 

accuracy), Convolutional Neural Network for full colour identification (99.84% accuracy), Deep Convolutional 

NeuralNetwork (99.53% accuracy) and RCNN-ResNet 101 (99.64 accuracy) are giving excellent identification 

results. Researchers are now also working with hybrid algorithms for further enhancing the accuracy for 

identification.  
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