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Abstract 

The main objective of the paper entitled’ Application of Gustafson-Kessel-like 

clustering algorithm in delineation of management zones in precision 

agriculture’ is to create clusters of agricultural field using GK clustering 

algorithms methodologies. Precision Agriculture is related to the application 

of current technology in the agricultural domain. Huge datasets are now days 

collected during standard farming operation. These data are fine-scale and 

available in high resolution, usually reflecting the heterogeneity of any natural 

field. The data may result from a Multitude of sensors and electronic 

equipment and can be used for several purposes which affect the efficiency 

and effectiveness in farming operations. 

Base fertilization is a crucial job in traditional agriculture. This phrase is 

generally employed to explain the procedure related to the extant potassium 

(K), phosphor (p) and magnesium (Mg) that the planted crops can use. Since 

generally the field is mixed, the issue is which portion of the field needs to be 

treated and in what manner the treatment needs to be undertaken. This is also 

generally linked with the subject of the management zone delineation. There 

have been several functions that have employed fine-scale data for sub-

segregating the field into smaller areas. These methods generally need multi-

year data sets and depend on low resolution sampling techniques to segregate 

the field into equal portions. Majority of the extant studies employ only 

portions of the extant data for the clustering technique. In the present study, 
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the researchers recommend a new methodology which deals with the above 

problems. The approach uses GK clustering methodologies to create clusters 

of agricultural fields. 

Indian agriculture can be considered as the back bone of our economy. Many 

studies and developments are being done in the field of agriculture. Indian 

crop fields are much diversified in terms of soil, climate and other agricultural 

resources. Management zones of agricultural planes have an important role in 

the cultivation of the yield. Proper delineation of Management zones help in 

the productivity of the yield. Base paper studies the delineation of 

management zones on basis of k means clustering on soil map. As k means 

algorithm is the basic clustering algorithm, it has some limitations over 

processing. So planned to work on  GK clustering algorithms which is faster in 

computation than K means. Implemented both  the   algorithms on the same 

dataset of NPK of the soil and compared to base paper, GK clustering 

algorithm  has some more performance criteria. 

Keywords: Precision Agriculture, Management zones, K means algorithm, 

GK Clustering 

 

1. INTRODUCTION 

Precision agriculture is a booming trend in Indian Agriculture. Precision agriculture is 

a technically improved farming technology in terms of production techniques and 

cultivating methods. Being an agro based economy the increased productivity in the 

sector of agriculture results in economic stability of the country. In traditional 

agriculture all the cultivation practices are done manually, consequently affecting the 

productivity. The cultivated lands are diversified in terms of soil, water and other 

agronomical features. The treatment to these areas will also be different according to 

factors. The land which is having the less productivity should be treated different 

from those having better productivity. So these areas can be categorized in to different 

management zones of agriculture. 

Management zones can be defined as the area where spatial factors are distributed 

uniformly. Management zones can also be classified into subfields where considering 

the homogeneity factors. This paper aims to present the features of the management 

zones to enhance the crop productivity through analyzing the different factors 

affecting the yield productivity studied in the referred journals. Proper usage of 

management zones is important in precision agriculture to attain high yield. By 

adoption of the mapping of management zones in precision agriculture helps the 

farmer to treat his land area propotional to the productivity. Studies shows that 

clustering algorithms are better used to map the management zones. 
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Cluster algorithms are used to generate the maps of management zones and also, 

clustering methods are used in the preprocessing of data. Statistical Indexes are used 

to compare the analyzed results. Clustering is one unsupervised machine learning 

algorithm. The method deals with a group of data that have not been labeled. A 

clustering is defined as the gathering of similar elements into groups .A cluster is 

therefore the objects with similar characteristics. So the clustering methods are used 

in Precision agriculture to study the delineation of management zones. Different 

variables which are related to land area such as Soil electrical conductivity, NPK, Soil 

relief etc. are taken as the input data for the studies. The following are the descriptions 

of the variables which is affecting the management zones in the agriculture. 

 

NPK of soil 

Macro nutrients such as Nitrogen, Phosphorus and potassium are used as important 

fertilizers. This combination of fertilizer is known as NPK for short. NPK is usually 

represented as the 3 digit number. The higher the number more concentrated the 

micronutrient in the fertilizer. For example, the number 10-10-10 says that 

micronutrients are equally distributed in the fertilizer. NPK is a sufficient element to 

the soil for plant growth because of the following reasons. 

Nitrogen (N) – Nitrogen is one of the crucial micronutrient which helps the growth of 

leaves  

Phosphorus (P) – Phosphorus helps in root growth and flower and fruit development. 

The excessive extraction of shallow ground aquifer and the utilization of saline 

affected irrigation water. Amalgamated researches undertaken by the BSWM and 

Philippine Rice Research Institute or PhilRice and the International Rice Research 

Institute (IRRI) showed the adverse extensive impacts of the employment of the use 

Potassium (K) – Potassium is an essential element for the general functioning of the 

plant.  

The NPK value will helps the farmer to select the type of fertilizer according to the 

type of the plant which is growing. Applying NPK is also depends on soil fertility, 

organic things such as humic acid worm castings etc. The above mentioned factors 

helps in leafgrowth, development of roots flowering and fruiting. 

 

1.1  Nutrient  disorder occurs in naturally 

The rice yield and soil quality have also been adversely impacted due to the rising 

areas of salinity on account of soils impacted by salt. The disturbance of soil results in 

soil chemical degradation of a rice field. Researches prove that this would lead to 

lowering of sulfur-iron which consequently leads to the development of acid sulfate 
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soil. However, the researches for enhanced agricultural manufacturing, balances these 

lands which can further be beneficial for superior physical and chemical restoration. 

There are geological steps taken to handle the naturally occurring soil disorders. For 

instance, several agricultural lands are based in small islands which are created from 

limestone. Hence, this is the chief cause for inadequate crop generation by the 

shortage of paucity of phosphorus and zinc. 

 

1.2 Nutrient disorders occurs by human interruptions 

Human interludes also impact the plant nutrients. Furthermore, run off erosion occurs 

on account of inadequate farm customs. The run-off will impact the balancing of the 

soil fertility system. The studies shows that balanced soil nutrients should be needed 

for the better crop productivity. 

 

1.3 Oil based chemical fertilizer usage. 

Researches pertaining to chemical fertilizer usages indicate imbalance soil fertility. 

Insecticides and pesticides are widely used for high yield production. Farmers should 

be guided in the usage of appropriate fertilizers in different types of crops. 

Management zones should be well managed for the proper distribution of fertilizers to 

the soil. This shows the significance of the delineation of management zones in 

farming. 

Researches have been done in between 1970’s and 1990’s .From the analysis of the 

Philippines farming shows that farmers are unaware of the unbalancing of the soil 

fertility. A high dosage of urea will indirectly cause the soil mining. Using urea over 

years has resulted in damaging the fertility of the soil. It was researched that the soil 

has reached a yield plateau (the scenario wherein the yields are 3.0 tonnes/ha); this is 

true even for the high compliant varieties. It was also discovered that the main reason 

behind reaching the yield plateau was the exploitation of fertilizers. In particular, it 

was discovered that in irrigated rice land, the unwarranted and imbalance employment 

of nitrogen sourced from Urea, in contrast to phosphorus. 

 

1.4 Existing System 

The existing systems did not use any clustering methods to combine the homogenous 

elements for the easiness of processes undertaking in the management zones of large 

agriculture fields.  A significant dataset is not supplied in the existing system in order 

to perform clustering process within an effective time and with a minimum effort. 

Majority of the extant systems that employ only limited parts of the existing data for 

the clustering approach. 
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Presently, the system is a manual one wherein a farmer has to go through a sequence 

of paper works and thereby waste time in identifying the suitable product that can be 

planted in that land by conducting a group of tests on the soil to recognize the matter 

of minerals and other proteins which may be beneficial in the procedure linked to 

cultivation. When farmers are guided with valuable information about the seeds and 

their land we could increase the yield of production to a large extent. 

Farmers will be getting a platform to share their experience and reviews regarding the 

products outcomes in a great agricultural revolution. The system has a great impact on 

the youth as well as the forthcoming generation as they will know the details of 

techniques following in farming in the early days that could result in finding the 

problems and providing solutions by making use of new technology or even 

furthermore advanced technology which will result in growth in production and 

society. There is no cluster based data or methodology for clustering the homogenous 

features in the extant system. 

On the other end, it is tougher to control and handle the internet since the Network 

and internet linked attacks are tougher to trace.  There will be more chances of 

betraying but when it comes online and the task of handling intrusions is increasing at 

an exponential rate.The Cluster based handle by  the present system. The main 

difference of our work with respect to the previousmodel is the clustering algorithms 

used in the step of extracting patterns. K Means algorithms are used for extracting 

management zones since it is a basic system has variety of features than the existing 

system.The management of  the agricultural zones  is difficult to clustering algorithm. 

 

1.5  Proposed system 

The present system is using a GK clustering algorithm for implementing management 

zones in agricultural field. The approach follows the clustering techniques in the data 

mining field to extract the management zones and there by delineating them. 

Statistical indices are used to contrast the patterns. The difference from the previous 

models is the basis of the clustering algorithms used in the model. In this study uses 

the GK clustering algorithms which works on the geometric mean of  clusters. 

 

3. METHODOLOGY 

3.1. Architecture Diagram 

The conceptual diagram defines the structure and behavior of the system. The 

Architecture diagram helps to get the data flow of the model also. The basic 

representation maps the system to the conceptual model to the implementation level. 

Our model is based on the study which uses the K means algorithm. The flow of the 
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base model is as follows: 

 

 

K Means clustering algorithms are used as the basic algorithms for extracting 

patterns. This clustering algorithm  more suited in numeric and categorical values. 

Following are the important features of K Means algorithms. K means works on the 

Euclidian distance among the elements. The mean value is the core of the cluster. The 

objects  in the patterns are part of a  single cluster. The Input of the base model will be 

the number of clusters ‘c’ and a database having n objects with attributes. In this 

paper NPK of the soil is taken as the input of the clustering algorithm. 

 

Before preprocessed Data 
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Data set is extracted using the WEKA Tools. The dataset obtained from the functional 

software is taken as the input of the dataset for the base model. The Output of the k 

means clustering reduces the square means of the criterion function. The execution  of 

the k means algorithm indicate that few parameters are absent in the issue. The K 

means algorithms rely on the earlier assignment of the objects and the algorithms are 

applicable when the clusters are small.  

 

GK clustering Process 

Every cluster of datasets in the Gustafson-Kessel algorithm are linked to both a point 

and a matrix correspondingly symbolizing the cluster center and its covariance. While 

the original fuzzy C-means make the unspoken premise that clusters are spherical, the 

Gustafson Kessel algorithm is not limited to this restriction and can recognize 

ellipsoidal clusters. 

The Gustafson-Kessel algorithm links every cluster with the cluster center and its 

covariance. The 17 predominant aspects of Gustafson-Kessel clustering refer to the 

local version of distance matrix so as to recognize the clusters. The objective function 

of GK algorithm may be described as mentioned subsequently: 

 

It gauges the total in the group scatter or variance of X from k cluster centers {zi , 1 ≤ 

i ≤ k}. The most suitable pair (U, Z) is discovered by employing sigma-m, wherein U 

symbolizes segmentation of the data, Z stands for the group of clusters of the 

segmentations. Ai is a symmetric, affirmative exact matrix that induces for every 

cluster a rule of its own. So as to avoid issues of singularity, Ai is limited in a manner 

that det(Ai) = ρi > 0, ρi being fixed for every i allowing varied cluster sizes. The 

exponent m ∈ (1, ∞) is a fuzzification criterion that maintains the degree by which the 

clusters may coincide. The objective function Jm is reduced by employing an 

alternating optimization (AO) method. The AO maximization methods result to the 

domestic ideal as it goes ahead by preparing a group of criteria and maximizing the 

remainder criteria in a substituting way. The best value of Jm is received by such an 

iterative renewal in such a manner.  

Precision agriculture (PA) is a relatively new theme these days thanks to gathering 

actual data related to weather, soil and air quality and crop maturity. A main job in PA 
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is management zone delineation, which would be beneficial in identifying the 

spatially adjoining zones of the field. 

Fuzzy clustering – the partition clustering technique chiefly pertains to the job of 

segmenting a group of units into several similar clusters, in context to an appropriate 

similarity metric. This is also referred to as hard clustering. Thus, hard clustering, 

may be described to be a process wherein the data component is segregation into 

varied clusters, wherein every data part is part of precisely one cluster and we can 

envisage the link of any data component to the cluster by merely identifying that data 

component’s that specific property based on which the segmentation was conducted. 

Several realistic issues may be fuzzy in character and on due to their fuzzy character, 

several fuzzy clustering techniques have emerged, based on the overall fuzzy set 

theory strategies created by Lotfi Zadeh. 

In fuzzy clustering (also known to be soft clustering), data components can be part of 

more than one cluster at the same time, and are linked with every component is a 

group of association levels. These show the intensity of link amongst that data 

component and a specific cluster or if described differently, the engagement of that 

specific data component with any specific cluster. Fuzzy clustering is a procedure of 

allocating these association levels, and then employing them to allocate data 

components to more than one clusters. The chief variation amongst the conventional 

hard clustering and fuzzy clustering can be mentioned as described subsequently. An 

object, in hard clustering is part of only one cluster, in contrast in fuzzy clustering 

objects are permitted to be part of several different clusters with varied levels of 

association. Between many extant algorithms, one of the most commonly applied 

fuzzy clustering algorithms is the Fuzzy C-Means (FCM) Algorithm (Jim Bezdek 

1981). The FCM algorithm tries to segregate a predetermined set of n components, X 

= {x1 ,...,xn} into a set of c fuzzy clusters in context to some predetermined 

parameters. Considering a limited set of data, the algorithm throws back a list of c 

cluster centers wherein C = {c1 ,...,cc} and a partition matrix U = ui,j ∈ [0,1], i = 

1,…,n and j = 1,…,c where every component uij mentions the extent to which i 

component is part of cluster cj . Similar to the k-means algorithm, the FCM intends to 

optimize an objective function. 

Considering the theoretical perspective, the development of “value networks” 

symbolizes the most successful methods that can be employed to break the cycle, 

while at the same time enhancing the possibility for long-run rivalry in the 

agricultural industry. In this reference, a value network is the accumulation of:  

 Vertical associations between vendors providing raw materials and production 

inputs, agricultural manufacturers, processors and exporters, purchasers of 

branded products and retailers 

 Horizontal associations between the manufacturers, which shape up as 
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growers’ cooperatives or different kinds of smallholder trade associations (for 

instance domestic governments, providers of business service, research 

organizations, universities and non-government service firms) that strengthen 

the quality, efficacy and sustainability facets of the chain.  

Value networks, on the other hand, have emerged gradually in the agricultural 

industry. For the huge majority of the farmers and small-scale agro-sectors, 

trade is undertaken on a conventional “transactional association” under which 

they generate and sell a homogeneous good by acting as “price-takers”. 

In this association, manufacturers have to deal with market swings and have limited or 

no chances for developing, capturing, enhanced worth for developing profound 

commercial and developmental derivatives. Exceptions, as usual always exist. Greater 

integration of the value chain is being attained by vertical associations that enhance 

product flow (contract farming and outgrower schemes), coordinate financing and 

payments (ITC, 2006c), and strengthen interactions. Unquestionably cooperatives, 

export production villages, joint export marketing and similar endeavors to nurture 

horizontal associations, are having an influence on rural rivalry and well-being. 

However, these instances of “higher return association” may be less than the model 

value network where there is innate and consistent management and teamwork at the 

horizontal, vertical and along the support axis of the value chain and where such 

associations result in the development of efficacies, collaborations and chances (both 

developmental and commercial), in addition to invigorating value addition, creativity 

and product divergence at the extent of small-scale manufacturers and agribusiness, 

and guarantee that optimal returns are preserved in the domestic economy.  

 

3.2  Proposed Methodology 

Creating methods that permit the preprocessing of huge sets of data directly in the 

database includes employing methodologies including spatial regression to 

developing data warehouses that can adequately make the data information ready to 

be employed. The  biggest issue in the present research is the planning of data from 

varied sources and locations into a single spatial grid as precisely as likely, so as to 

offer superior outcomes in the pattern extraction procedure. To attain the same, 

ambiguities in context to the position and value of the predicted data from the original 

data needs to be dealt with. 

The base prototype employs the k means algorithm for delineating the management 

areas. In our recommended prototype GK clustering is employed rather than using K 

means. GK clustering is a subspace clustering in such a way that all clusters have 

varied weights linked with various clusters. The chief aim of GK algorithm to reduce 

the objective function is to ascertain the model criteria, the weight matrix and 

membership matrix. It ascertains the feature weights equivalent to every cluster. We 



288 Krishna Priya C.B, and Dr. S.Venkateswari 

put forth a new edition of Gustafson-Kessel (GK) algorithm for high dimensional data 

by expanding its objective function for subspace clustering that routinely identifies 

the pertinent cluster aspects of the high dimensional data set. An effective clustering 

scheme develops thanks to the allocation of weight to features that are typical for 

every cluster.  

The recommended technique is akin  to fuzzy C means; however it varies in the 

manner for which the distance is measured amongst them. Fuzzy C means uses the 

Euclidean distances while  the Mahalanobis distances are used by GK clustering. The 

data flow of the proposed model using GK Clustering is as follows: 

 

 

 

The base model is used for developing the Management Zone Maps (MZM) and 

Yield Zone Maps(YZM).The area of the study in the base model is taken is somewhat 

biased since it is a steep topography. The extension of the base model can 

beemployed by  the FCM clustering algorithm for enhancing and improving the 

delineation of the management zones. 

 

3.3 Comparison table and Data table for the graph 

To assess the success of the GKS clustering algorithm, we have contrasted how it 

works against PROCLUS and GK algorithms employing actual and synthetic data 

sets. The criteria of all the algorithms were perfected and several runs of the tests 

were undertaken to mitigate the impact of initialization. As both GK and GKS 

algorithms deal with partial membership we have compared these algorithms for the 

validity measures PC and CE. On the other hand, as PROCLUS is subspace clustering 

algorithm it has been compared for subspaces generated. Table 3.1 describes these 

data sets 
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Data-Sets 

The data sets from the data source included data sets of Wheat, Rice, Barley and 

Maize grains   were employed for research. There are no missing values in these data 

sets.  

 

Data-Sets 

Wheat, Rice, Barley and Maize grains data sets from the data repository   were used 

for experimentation. These data sets have no missing values 

 

Table 3.3.1 Data table 

Data Sets Instances Attributes  Class 

wheat 517 8 3 

Rice 45 11 3 

barley 519 23 2 

maize 569 32 2 

 

Table 3.3.2 Accuracy GKS,PROCLUS and GK(comparison) 

Data Sets GKS PROCLUS  GK 

wheat 0.8588 0.8698 0.8412 

Rice 0.7556 0.6935 0.6122 

barley 0.7539 0.7411 0.6999 

maize 0.8875 0.8523 0.8465 

 

Table 3.3.3 FI measure 

Data Sets Instances Attributes  Class 

wheat 0.1236 0.1116 0.2239 

Rice 0.4123 0.3698 0.4125 

barley 0.5698 0.5562 0.7632 

maize 0.5111 0.5862 0.5988 
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Table 3.4: Recall: GKS, PROCLUS and GK 

Data Sets Instances Attributes  Class 

wheat 0.2693 0.2932 0.3698 

Rice 0.4236 0.5693 0.5999 

barley 0.1519 0.1623 0.2523 

maize 0.2569 0.3632 0.3969 

 

Table 3.4: Precision: GKS, PROCLUS and GK 

Data Sets Instances Attributes  Class 

wheat 0.6693 0.7132 0.7698 

Rice 0.4236 0.6693 0.7999 

barley 0.1519 0.2623 0.3523 

maize 0.2569 0.3632 0.3969 

 

Table 3.4: Specificity: GKS, PROCLUS and GK 

Data Sets Instances Attributes  Class 

wheat 0.2693 0.3932 0.3998 

Rice 0.4236 0.5593 0.5999 

barley 0.1519 0.2623 0.2923 

maize 0.2569 0.3632 0.3969 

 

4. RESULT AND DISCUSSION 

The studies has done on the same dataset NPK of the soil  with two algorithms ,K 

Means and GK clustering makes a comparison of the efficiency of the result. The 

result indicates that GK clustering is more efficient in the execution time of the 

process which is measured in milliseconds compared to k means. However, the 

memory used by GK clustering is higher in contrast to the base prototype. GK 

clustering varies from other algorithms in the case of the distance calculation which is 

using a Mahalanobis distance. As K means clustering relies on the initial allocation of 

the system we need to depend on the initial data set of the problems.This makes a 

disadvantage of the system .K means is very sensitive to noise and outliers and it will 

affect the means of the clusters. Additionally the K means algorithm is not suited for 

non-convex shapes. 
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Fig 4.1 Sample graph for GK clustering process based on time 

 

 

4.1 Sample graph for GK clustering process based memory utilization 
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5. CONCLUSION 

The paper ‘Application of Gustafson-Kessel-like clustering algorithm in delineation 

of management zones in precision agriculture’ has implemented in creation of the 

clusters of agricultural field using GK clustering algorithms technologies. 

Delineation of management zones in Precision Agriculture is related to the usage of 

the present technology in the agricultural domain. The data be the outcome of 

multitude of sensors and electronic equipment and can be employed for several aims 

which affect the efficiency and effectiveness in farming operations 

According to the studies done on the dataset NPK of soil using the two  clustering 

algorithms K Means and GK clustering indicates that k means has some limitations on 

the clustering patterns .We can see that GK clustering is more efficient in execution 

time than k means. However, when being implemented,  GK clustering uses more 

memory.  

In our research we are using only NPK of the soil, but we know that there many more 

attributes related to the soil such as soil electrical conductivity, carbon storage etc. In 

the times to come, we intend to    include these attributes in our work with more 

efficient algorithms which overcomes the problems of the existing algorithms. 
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