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Abstract 

This paper focuses on developing novel technologies for 

monitoring the plant health, evaluating the water content level 

for different plants by analyzing the plant and soil images 

respectively. Initially, plants and soil images are captured 

through digital camera with a required resolution. The inner-

distance shape context based descriptor and geometrical 

descriptors are used for extracting the shape and geometric 

features from the plant images. In addition, texture and color 

features are extracted from the soil images. By using the 

contour features of the plant images, the plant type is 

identified through the botanical plant species dictionary. The 

leaf diseases are predicted by Transductive Support Vector 

Machine classification. The causes for the specific plant 

disease are identified based on the Latent Dirichlet Allocation 

and Artificial Neural Network classification technique 

through the features of soil images and the diseased plant 

images. The obtained results are broadcasted to the cultivators 

through mobile phones by means of text messages on a daily 

and seasonal basis with possible suggestions of preventive 

measures. 

Keywords: Crop production, Shape descriptors, Geometrical 

descriptors, Plant disease, Latent Dirichlet Allocation, 

Transductive Support Vector Machine, Artificial Neural 

Network. 

 

INTRODUCTION 

Agriculture is the backbone of India as well as the entire 

world. The evolution of agricultural technologies is engaged 

millions of years back and its advancement has been 

encouraged and defined through different environments, 

civilizations and technologies. In previous years, agriculture 

was grouped by improved yield, the replacement of man-made 

fertilizers and insect repellents for environmental pollution 

and land allowance. In modern lifetime, the environmental 

causes are removed hence macrobiotic and sustainable 

agriculture activities are developed.  

The largest agricultural productivity with the highest quality is 

achieved through recent prediction techniques which provide 

the appropriate intensification environment under 

reproduction conveniences protection circumstances [1]. The 

modern growth of agricultural activities is monitored by the 

data mining techniques and enhanced information and 

communication processes [2]. Normally, the data mining is 

described as the process of realizing samples from large 

databases. The main objective of the data mining techniques is 

to mine the most significant features from database and 

convert the extracted features into a reasonable formation for 

additional utilize.  

The data mining techniques [3] in agriculture are varied based 

on the agricultural applications. Some of the data mining 

techniques are provided for forecasting the environmental 

conditions such as weather conditions, environmental 

pollutions and etc. Some of the data mining techniques are 

utilized for recognizing purposes such as soil characteristics, 

weed detection and also used for monitoring water cores. 

However, the entire crop yield management using novel 

technology is the most significant issue in agriculture.  

Hence in this paper, an effective data mining technique is 

proposed for predicting the required water content level for 

plants and different types of diseases. The major role of this 

paper is to identify the types of plant diseases and its causes 

for different plants. The plant diseases are predicted by the 

TSVM classification method. Also, the causes of the plant 

diseases are predicted based on the soil image features using 

ANN classification which uses the probability values between 

features of soil images and diseased plant images. 

Furthermore, the predicted parameters are forwarded to the 

farmers through messages or emails consistently on a daily 

and seasonal basis along with considerable precautionary 

recommendations for further improvement.  



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 18 (2017) pp. 7169-7175 

© Research India Publications.  http://www.ripublication.com 

7170 

The remainder of the article is organized as follows: Section 2 

describes about the different data mining techniques applied 

in agricultural fields. Section 3 explains about the proposed 

crop yield monitoring system using novel data mining 

techniques. Section 4 illustrates the performance evaluation of 

the proposed techniques. Section 5 concludes the research 

work and also provides the future work for further 

improvement.   

 

LITERATURE SURVEY 

A novel optimized spectral index [4] was developed to 

identify and forecast the winter wheat diseases. The various 

pests in winter wheat like powdery mildew, yellow rust and 

aphids were studied. The novel optimized spectral indices 

were determined by the weighted mixed single band and 

normalized wavelength variation of two bands. Initially, the 

majority and minority significant wavelengths were extracted 

from leaf spectral information for several diseases by using 

RELIEF-F algorithm. The reflectance of single band was 

extracted from the significant wavelengths and normalized 

wavelength variation from all the probable mixtures of 

majority and minority significant wavelengths were utilized 

for obtaining the optimized spectral indices. Moreover, the 

binary classification was performed to identify healthy plants 

and diseased plants. However, the sensitivity of disease 

detection was less also the detection methods were required to 

detect disease in earlier stages.  

An operational agricultural drought monitoring [5] was 

developed by evaluating the utility of remotely sensed soil 

moisture retrievals. An ensemble Kalman filter data 

assimilation technique was developed for integrating surface 

soil moisture retrievals from NASA advanced microwave 

scanning radiometer (AMSR) into the United States 

Department of Agriculture (USDA) modified Palmer soil 

moisture model. The surface soil moisture dynamics evaluated 

by AMSR-E was utilized for updating the root-zone soil 

moisture estimation indirectly through the vertical soil 

moisture coupling of 2-layer soil moisture model. However, 

the most improved global soil moisture observations were 

needed for further improvement in accuracy. 

The plant leaf disease symptom prediction algorithm [6] was 

introduced by using semi-automatic segmentation technique. 

The algorithm was performed based on the grayscale 

histograms to differentiate signs and symptoms of leaf 

diseases from asymptotic tissues in leaves. The histograms of 

H and a* were acquired from HSV and L*a*b* color space 

respectively by using this algorithm. The different issues of 

in-depth analysis were studied in this paper. However, the 

issue with this segmentation algorithm was that the accuracy 

was reduced since some sources of errors were not eliminated.   

An automatic detection technique [7] based on computer 

vision was proposed for detecting crop diseases. The 

combination of marker controlled watershed and super-pixel 

based segmentation was performed for extracting the features. 

The feature selection process was achieved according to the 

textural, Gabor, gradient and biologically inspired features. 

After, the Support Vector Machine (SVM) was introduced for 

feature classification process and compared with the ANN 

classification method. The complexity of image processing 

functions was reduced by this technique. But, this technique 

has less robustness and collects only a certain amount of 

information from various symptoms.   

The soil moisture prediction technique [8] was proposed by 

using improved BP algorithm. The time series of soil moisture 

information obtained from the wireless sensor networks were 

predicted based on the proposed BP neural network and 

particle swarm optimization algorithm. Initially, the time 

series of BP parameters were derived. Particle swarm 

optimization algorithm was introduced to improve the weight 

and threshold value of BP. Thus, the time series of soil 

moistures were predicted by the BP-PSO algorithm. However, 

the BP-PSO algorithm has high mean square error.  

The agricultural monitoring system [9] was improved by using 

ant colony optimization with centre data aggregation 

algorithm. Generally, all sensors were joined together into 

weather stations and forecasting nodes were deployed in the 

data aggregation process. Here, an energy efficient centre data 

aggregation technique was proposed, where ant colony 

optimization algorithm was concerned with the manufacture 

of gradient field level. The crop production was monitored by 

developing remote web-based human machine interface. 

However, this algorithm has high average end-to-end delay.  

A novel segmentation algorithm [10] was proposed for 

separating almond nut and shell from locale and outline. A 

novel artificial neural network algorithm combined with 

image processing technique was developed. At first, the 

appropriate group of color features was extracted from the 

images. The extracted features were selected by using 

sensitivity analysis. Finally, the selected features were 

classified based on the artificial neural network, which was 

used to classify into three classes such as object, outline and 

locale. The segmentation was improved by removing the 

effect of the outline around the objects. However, this ANN 

based classification algorithm has high training time. 

The morphology modelling in the CIE L*a*b* color space 

[11] was developed for segmenting the plants from the 

images. The morphology modelling was applied in supervised 

learning phase for dealing with the color features of the crop 

in order to pixel lightness element and for achieving the crop 

color model. In addition, the performance of the segmentation 

of cloudy, overcast and sunny day’s images was evaluated. 

However, the segmentation performance was not significantly 

improved for different types of structuring features.   

A model based method [12] was proposed to recognize the 

leaves from natural images for identifying the tree species. 

Initially, the leaf images in the complex natural locale were 
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collected. The contour of the leaf was retrieved by using two-

step active contour segmentation algorithm according to the 

polygonal leaf representation. After, the features utilized were 

high-level geometrical descriptors which provide the possible 

semantic interpretation. These geometrical descriptors have 

better performance than the generic and statistical shape 

descriptors. However, this technique has high processing time 

and more complicated for large database. 

The image processing techniques [13] was proposed for 

detecting plant leaves diseases. The image processing 

technique involves different processes such as image 

acquisition, image pre-processing, feature extraction and 

classification. Initially, the different leaf images were 

collected with required resolution. The acquired images were 

pre-processed for enhancing features and removing undesired 

information. Then the image was segmented using 

segmentation algorithms and features were extracted through 

texture based feature extraction techniques. Finally, the 

extracted features were classified using neural network 

classifiers to classify the plant leaf disease. However, neural 

network classifiers were complexity to know about how many 

neurons and layers are needed. 

The leaf disease detection method [14] was proposed for 

Cercospora leaf spot in sugar beet by using a template 

matching algorithm. The orientation code matching algorithm 

and site-specific observations of the disease improvement in 

sugar beet plants were described. This robust template 

matching algorithm was developed for non-rigid plant object 

searching based on illumination, translation, slight rotation 

and occlusion modification. Moreover, single-feature two-

dimensional XY-color histogram was introduced and support 

vector machine classifier was employed for pixel-wise disease 

classification and quantization. However, the capturing of all 

types of illumination under different weather conditions was 

insufficient for the classification process.  

The monitoring system [15] was proposed for crop production 

by using the clustering approach. The sub-pixel cover fraction 

and unconstrained spectral signature of the plant feature from 

the combined hyper spectral signal was extracted 

simultaneously by developing the multiple endmember 

spectral mixture analysis. The generation of lookup tables 

(LUT) was achieved through a radiative transfer model for 

both soil and plant features. After segmenting the features, the 

clustering method was performed for enhancing the efficiency 

of utilization of LUT in this proposed model. Then, the 

Bayesian selection algorithm was presented for selecting the 

most favourable clusters. However, the influences of outline 

in mixture and non-linear mixed effects in orchard systems 

were not considered.  

 

 

 

MATERIALS AND METHODS 

Improved Monitoring System for Crop Production 

Our proposed monitoring system for improving crop yield 

monitoring includes three different phases such as image pre-

processing, detection phase and communication phase. In each 

phase, different data mining approaches are developed for 

different processes. The first phase focuses on the pre-

processing of soil and plant images. The second phase 

performs the prediction process of plant disease and its causes 

due to the soil features. The final phase employs the 

information technology to alert the farmers by distributing the 

types of plants, diseases of plants and its causes. In this 

section, these three different phases in monitoring system are 

explained briefly. 

 

Image Pre-processing Phase 

Initially, the input images of different plants and soil are 

collected by using the digital camera with a desired resolution 

for better quality. The captured images are transmitted 

through either wired or wireless network to the image 

processing unit for further processing. Then the collected 

images are pre-processed for removing the noise or other 

disturbances from the images and enhancing the features for 

prediction process. The noise from the images is eliminated 

and RGB images are converted into the color space 

representations. Then, the enhanced images are segmented by 

using Region of Interest (ROI) based segmentation method. 

ROI segmentation is used to segment the certain images into 

the number of regions or classes. It is denoted as follows: 

𝑅𝑖≥𝑗 =

𝜓.
|𝑅𝑖||𝑅𝑗|

|𝑅𝑖| + |𝑅𝑗|
. ‖𝑢𝑖 − 𝑢𝑗‖2 + (1 − 𝜓). 𝑒𝜔

1 (𝜕(𝑅𝑖 , 𝑅𝑗))
   (1) 

In equation (1), 𝑅𝑖 and 𝑅𝑗 refer the two adjacent regions of the 

area, 𝜕(𝑅𝑖 , 𝑅𝑗) is the length of the two regions, 𝜔 refers the 

weight of (0,1), 𝑒 denotes the boundary strength and 𝑢𝑖, 𝑢𝑗 

represent the spectral values of two regions.  

The contour features of plant images are retrieved through the 

polygonal leaf model. Then, semantic representation is 

applied for these contour features for identifying the types of 

plant with the help of botanical plant species dictionary in 

which description of different types of plant species are 

stored.   

Then, the features are extracted from plant images, based on 

the texture, color and shape feature extraction methods. The 

shape features from the plant images are extracted using the 

inner-distance which is utilized for constructing the shape 

descriptors based on shape contexts. Inner-distance is the 

length of the shortest route between the sight points within the 

shape boundary. The shape 𝑂 is defined as connected and 

closed subset of 𝑅2. The inner distance between the two 
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points (𝑥𝑖 , 𝑥𝑗) is represented as 𝑑(𝑥𝑖 , 𝑥𝑗; 𝑂). The shape context 

at point 𝑥𝑖 is defined as the histogram ℎ𝑖 of the relative 

coordinates of the remaining n-1 points.  

ℎ𝑖(𝑘) = #{𝑥𝑗: 𝑗 ≠ 𝑖, 𝑥𝑗 − 𝑥𝑖 ∈ 𝑏𝑖𝑛(𝑘)}     (2) 

The similarity between the two points is estimated as 

weighted combination and is given as, 

𝐷 = 𝑎𝐷𝑎𝑐 + 𝐷𝑠𝑐 + 𝑏𝐷𝑏𝑒         (3) 

In the above equation (3), 𝐷𝑎𝑐 refers the appearance 

difference, 𝐷𝑏𝑒  refers the bending energy and 𝐷𝑠𝑐  denotes the 

shape context distance which is an average distance between 

two points. Here 𝑎 𝑎𝑛𝑑 𝑏 are weights. The shape context 

utilizes the inner-distance for determining the spatial relation 

between sight points. Hence, the inner-angle 𝜃(𝑥𝑖 , 𝑥𝑗 ; 𝑂) is 

provided for the orientation bins. The geometric parameters 

are extracted based on the fractal geometry. The geometrical 

object X can be measured its length N using rule with length 

u. Then the fractal dimension is measured as, 

𝐷𝑥 ∝ lim
𝑢→0

log 𝑁

log 𝑢
          (4) 

 

 Plant Disease Prediction 

According to the plant types and plant features, the plant 

disease is predicted by the Transductive Support Vector 

Machine (TSVM). TSVM is used for discovering the presence 

of disease in plants compared with training dataset. Assume 

training features of plant images be (𝑥1, 𝑦1), … (𝑥𝑙 , 𝑦𝑙), 𝑦 ∈

{−1,1} and 𝑥1
∗, … , 𝑥𝑘

∗  be non-labelled plant image features. 

The TSVM is defined as the following optimization problem. 

min
𝑦∗,𝑤,𝑏,𝜉,𝜉∗

1

2
‖𝑤‖ + 𝐶 ∑ 𝜉𝑖 + 𝐶∗ ∑ 𝜉𝑖

∗

𝑘

𝑗=1

𝑛

𝑖=1

     (5) 

Subject to, 𝑦𝑖((𝑤. 𝑥𝑖) + 𝑏) ≥ 1 − 𝜉𝑖   𝑖 = 1, … , 𝑛 

𝑦𝑗 ((𝑤. 𝑥𝑗
∗) + 𝑏) ≥ 1 − 𝜉𝑗

∗  𝑗 = 1, … , 𝑘 

𝜉𝑖 ≥ 0, 𝑖 = 1, … , 𝑛 

𝜉𝑗
∗ ≥ 0, 𝑗 = 1, … , 𝑘 

This optimization problem is solved by the training process of 

TSVM. The training algorithm has containing the following 

stepsheadings. 

1. Set parameter C and 𝐶∗ 

2. Utilize inductive SVM on training data to obtain 

initial classifier 

3. Set the number of positive label samples based on 

rule 

4. Compute decision function values for all unlabelled 

samples 

5. Label samples with the highest decision function as 

positive 

6. Set temporary effect factor 𝐶𝑡𝑚𝑝
∗  

7. Retrain the support vector machine over entire 

samples 

8. Switch labels of one pair of different-labelled 

unlabelled samples using certain rule to make the 

value of objective function by using (5) 

9. Repeat the process until no pair of samples satisfying 

the switching condition 

10. Increase the value of 𝐶𝑡𝑚𝑝
∗  then move to step 7 

11. 𝐼𝑓(𝐶𝑡𝑚𝑝
∗ > 𝐶∗) 

12. Stop 

13. Obtain the output 

In testing phase, the data is compared with training data and 

the type of plant disease is predicted effectively. In addition, 

the required water content level for the specific type of plant 

is predicted based on the features extracted from the soil 

images by using LDA technique.   

 

Prediction of Cause for Plant Disease  

Moreover, the texture and color features are extracted from 

the soil images for predicting the causes for plant leaf 

diseases. The texture features are such as contrast, intensity, 

and correlation. The color features are hue, saturation, and 

value or RGB color spaces. The LDA is used for modeling the 

features of soil images with the descriptions of the plant 

diseases which measures the probability between soil and 

plant features.  

For every image indexed by 𝑚 ∈ {1, … , 𝑀} in a plant species 

dictionary: 

1. Select K-dimensional topic weight vector 𝜃𝑚 from 

Dirichlet distribution, 𝑝(𝜃|𝛼) = 𝐷𝑖𝑟𝑖𝑐ℎ𝑙𝑒𝑡 (𝛼) 

2. For every patch indexed by 𝑛 ∈ {1, … , 𝑁} in the 

image: 

3. Select an object category 𝑧𝑛 ∈ {1, … , 𝐾} from the 

multinomial distribution, 𝑝(𝑧𝑛 = 𝑘|𝜃𝑚) = 𝜃𝑚
𝑘  

4. Given the selected object category 𝑧𝑛, draw a 

codeword 𝑥𝑛 from the probability 𝑝(𝑥𝑛 = 𝑖|𝑧𝑛 =

𝑗, 𝛽) = 𝛽𝑖𝑗  

The computed probability values are given to the ANN 

classification for predicting whether the soil features are 

causes of plant diseases or not. The probability values are 

given to train the ANN. ANN has three layers namely input, 

hidden and output layer. The probabilities are denoted as 
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𝑓(𝑥) = 𝑥 are given to the input layer of neurons. The hidden 

layer of ANN is defined as tan-sigmoid transfer function. 

𝑓(𝑥) =
2

1 + 𝑒−2𝑥
− 1          (6) 

The output layer of ANN is described by the following 

equation. 

𝑦 = 𝑓 (∑ 𝑤𝑖𝑥𝑖 + 𝑏

𝑛

𝑖=1

)            (7) 

In the above equation (6), y is the output neuron value; f(x) is 

the transfer function, 𝑤𝑖  is the weight values, 𝑥𝑖 is input data 

values and b refers to the bias value. The output neuron value 

is the soil features that are the causes for that plant disease.  

  

Communication Phase 

In the communication phase, the predicted plant disease type 

information and its causes due to soil are passed to the farmers 

in terms of text messages or emails including some potential 

suggestions such as increasing manure, irrigation and etc. 

Thus this proposed monitoring system can improve the 

productivity of farmers through effective irrigation and 

disease prevention.  

Algorithm 

Input: Plant or Soil images 𝐼1, … , 𝐼𝑁 

Output: Type of plant & disease, and its causes. 

1. Collect images 

2. Remove noise from image  

3. Convert image into color space representation 

//Image segmentation 

4. Select seed pixel in image  

5. Assign criteria to grow the region 

6. Include pixel in the region if it is 8-connected to at 

least one of the pixel in the region 

7. Test all the pixels for allocation 

8. Label all the regions 

9. Combine regions if two regions have the same label 

10. Extract the shape, geometric features from the plant 

images  

11. Apply semantic representation for contour 

12. Predict the type of plant 

//Prediction of plant disease  

13. Define optimization problem for TSVM classifier 

14. Obtain training samples 

15. Perform TSVM process 

16. Obtain result 

17. Compare training data with testing data 

18. Find the type of disease 

//Prediction of the causes of plant diseases  

19. Extract texture and color features from the soil 

images 

20. Select the topic mixture for the plant species 

description based on Dirichlet distribution 

21. Generate each word in the description by selecting 

the topic 

22. Then generate word using topic based on 

multinomial distribution 

23. Compute the probability between soil features and 

words  

24. Perform ANN classification using the computed 

probabilities 

25. Obtain the output function by using the equation (7) 

26. Predict the causes for the particular plant disease  

27. Inform the prediction results to farmers through text 

messages  

28. End  

 

RESULTS AND DISCUSSION 

In this section, the performance of both prediction of plant 

diseases and its causes is evaluated for existing and proposed 

techniques in terms of precision and accuracy. The results of 

prediction of causes for plant diseases are compared to the 

similarity measure based technique and LDA based technique. 

The results of plant disease prediction are compared to the 

SVM and TSVM technique. 

 

Precision 

Precision value is defined as the ratio of predicted features 

that are relevant and evaluated at the true positive outcomes. It 

is computed as, 

 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑟𝑢𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒(𝑇𝑃)

𝑇𝑟𝑢𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒(𝑇𝑃) + 𝐹𝑎𝑙𝑠𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒(𝐹𝑃)
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Figure 1: Comparison of Precision for Prediction of Plant 

Disease Causes 

 

Figure 1 shows that the comparison of SM and LDA 

techniques in terms of precision for prediction of causes for 

plant diseases. The analysis from the above graph proves that 

the precision of LDA technique increases with increasing the 

number of features. In the x-axis, methods are taken and in the 

y-axis the precision values are taken. It shows that the 

precision is increased in LDA prediction method. 

 

Figure 2: Comparison of Precision for Plant Leaf Disease 

Prediction 

 

Figure 2 shows that the comparison of SVM and TSVM 

techniques in terms of precision for the plant leaf disease 

prediction. The analysis from the above graph proves that the 

precision of TSVM technique increases with increasing the 

number of features. In the x-axis, methods are taken and in the 

y-axis the precision values are taken. It shows that the 

precision is increased in TSVM prediction method. 

Accuracy 

Accuracy is defined as the ratio of true positives and true 

negatives to the sum amount of features examined. It is 

measured as, 

𝐴𝑐𝑐 =
TP + True negative

TP + True negative + FP + False negative
 

 

 

Figure 3: Comparison of Accuracy (%) for Prediction of 

Plant Disease Causes 

 

Figure 3 shows that the comparison of SM and LDA 

techniques in terms of accuracy for prediction of causes for 

plant diseases. The analysis from the above graph proves that 

the accuracy of LDA technique increases with increasing the 

number of features. In the x-axis, methods are taken and in the 

y-axis the accuracy (%) is taken. It shows that the accuracy is 

increased in the LDA prediction method. 

 

 

Figure 4: Comparison of Accuracy (%) for Plant Leaf 

Disease Prediction 

 

Figure 4 shows that the comparison of SVM and TSVM 

techniques in terms of accuracy for plant leaf disease 

prediction. The analysis from the above graph proves that the 

accuracy of TSVM technique increases with increasing the 

number of features. In the x-axis, methods are taken and in the 

y-axis the accuracy (%) is taken. It shows that the accuracy is 

increased in TSVM prediction method. 
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CONCLUSION 

In this article, a novel data mining technique for monitoring 

systems in agricultural fields is proposed. The proposed data 

mining technique is related to the prediction of plant diseases 

and its causes for plant diseases. In this proposed system, the 

type of plant is identified from the extracted features of leaf 

images by contour using botanical plant species dictionary. 

Then, the plant disease is predicted by TSVM classification 

by shape and texture features of the plant images. The soil 

image features are modeled with diseased plant images based 

on the LDA technique with help of color and texture features 

of soil images. Moreover, the causes for the plant diseases are 

predicted by using ANN classification. Then the predicted 

information’s are sent to the farmers in terms of text messages 

through mobile phones. Thus, our proposed monitoring 

system is used for improving the crop yield monitoring system 

in terms of proper irrigation and disease control. The 

experimental results prove the effectiveness of the proposed 

monitoring system. In future, the prediction technique for 

monitoring the growth level of the plant will be taken into 

consideration in order to improve the crop productivity.  
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