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Abstract 

Predictions and estimations are very important for agriculture applications. The estimation 

results on crop production may have a huge impact in the economy of a country by changing 

their export and import data. The estimation of crop production was started by collecting 

information manually from the fields and analyzing it using a computer. However, the accuracy 

was not up to the mark due to the error caused by manual collection of data. The Geographic 

Information System (GIS) applications are developed to store the information observed from 

the satellite images on change detection in town planning, disaster management, business 

development and vegetation management. The proposed work estimates the crop production 

of Indian states from a GIS dataset with a SqueezeNet algorithm. The performance of the 

SqueezeNet algorithm is compared with the traditional Inception and ResNet algorithms. 

Keywords: GIS data retrieval, GIS information processing, crop data prediction, vegetation 

planning, neural network analysis on agriculture 

 Introduction 

The geographic information systems are developed to analyze the surfaces of the earth 

from a satellite image. The system acts like a computer software that has the ability to generate 

different kind of information in spatial and numerical form. Therefore, the system improves 

the decision-making capabilities of other supporting tools and mathematical models. The in-

built software of the GIS model allows the user to create a customized map for their specific 

application [1]. Figure 1 represents the list of applications employed with GIS model. The GIS 

modules are loaded with some predetermined functions to create different layers of data. Each 
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layer may represent the street data, water resource data, building data or an integrated data. In 

most cases, the GIS modules analyze the map information by identifying the latitude and 

longitude information of an area and the data information is stored as vector or raster data [2, 

3]. 

The vector data model operates with the collected information of x, y and z coordinates. 

However, the vector data information is not considered as 3D data as the z coordinate has either 

the height or the depth data of the captured scene [4, 5]. The vector data information is 

represented as point feature when the data is stored with a single point attribute and the same 

will be stated as polyline feature when the coordinates are indicated with two-point features. 

The point features are beneficial for the applications that require to mention the location of an 

object or a place. The polyline features are helpful in the place of boundary estimation and 

route mapping [6, 7]. 

 

Figure 1. Applications of GIS 

The raster data are the collective information of the data received from various satellites around 

the earth. The raster data information is always in the form of image model with a group of 

block values. The raster data can project the real-world information in an image format up to a 

certain extent [8, 9]. The values formed in the image blocks become meaningless when the 
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image is over zoomed. In certain applications, the raster information is collected by aerial 

photography method where a digital camera is used for capturing images from any flying object 

like airplane and drone. The images taken by aerial photography are transmitted to the GIS 

station with a specific range of radio signals. The raster data which are collected by aerial 

photography is represented as remote sensing by the modern science [10]. 

 

Figure 2. Architecture of GIS 

The general architecture of a GIS module is shown in Figure 2. A computer software is 

employed in the architecture for a user interface. The area of mapping is given to the GIS server 

through a web server or radio signal station from the base station computer software. The GIS 

server decodes the received information and starts its visualization process by the help of 

powerful cameras and sensors. The collected data are converted into a spatial form for further 

feature analysis and that can be converted into a numerical matter as data attributes. A huge 

amount of data storage is required for GIS modules and that results in implementation of cloud 

storage in the latest GIS models [11-13]. 

 Related Work 

The GIS data was executed with a multi criteria decision making algorithm for 

estimating the choice of using the unused stagnant waters in the urban area for agriculture 

purposes. Land availability, soil type and water source availability distance were observed by 

the GIS module for the estimations. The Analytic Hierarchy Process (AHP) available in the 
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GIS software is utilized in the work indicating the weightages of the collected information [14]. 

A land suitability selection was made from the data collected through remote sensing and GIS 

setup. The analytical hierarchy process involved in the GIS software was merged with a 

pairwise comparison matrix for the selection process [15]. A land suitability prediction model 

was developed using GIS model for fruit crops in the central Portugal. The experimental work 

analyzed the soil type along with the climatic changes in the respective region. The GIS 

observed the annual rainfall, temperature, soil pH and soil organic matter for the analysis [16]. 

A fuzzy based AHP process was employed in a GIS framework for analyzing the 

suitability of land locations for wheat cultivation. The analytic work was merged in the process 

with geostatistics data which included terrain and soil information of the selected region. The 

experimental projection indicated that around 8.52% of area available in the selected region 

was not suitable for wheat farming [17]. The GIS and AHP setup was utilized to maintain soil 

nutrient availability in a selected field by giving suggestion on crop rotation at regular intervals. 

The experimental analysis was made by observing the eight major nutrient parameters available 

in normal soil. A semivariogram-based model was included in the work to analyze and give 

suggestion for planting new crop. The experimental analysis suggested to plant jute crop in the 

area that was planted with rice crop [18]. The literature work indicated that an inclusion of a 

data mining algorithm to the GIS framework results in a better prediction model. The following 

Table 1 indicates a list of data mining algorithm developed in the recent years for several 

applications. 

Table 1. Review on data mining algorithms on various applications 

Citation Methodology Dataset Application Attainments 

Hammer et al. 

(2020) [19] 

RF, Boosting, 

SVM 

Real data set 

from sugar 

mills 

Sugarcane 

Yield 

Prediction 

RMSE  

RF = 19.702  

Boosting = 20.025 

SVM = 19.725 
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Anand (2021) 

[20] 

CNN, LSTM, 

RNN, MLP, 

SVM 

NSE Stock Price 

Prediction 

Better accuracy 

observed in CNN 

with ARIMA 

model 

Werner et al. 

(2020) [21] 

Decision Tree NDVI and 

EVI 

Cotton Field 

Mapping 

Accuracy 96.08% 

Sungheetha 

(2021) [22] 

Data-Driven 

Epidemic 

Intelligence 

Strategies 

SEIR-DPTT COVID 19 Reduced 

Computational 

Speed 

Rajagopal et al. 

(2021) [23] 

Discrete DBN-

VGGNet 

Self-made 

dataset on 

soil, rainfall, 

and crop 

production 

Prediction of 

Crop 

Production 

Accuracy 97% 

Karthigaikumar 

(2021) [24] 

PCA and 

Decision 

Stump 

SECOM Industrial 

Quality 

Prediction 

Better accuracy 

observed with 

rough set model 

Pant et al. 

(2021) [25] 

GBR, RF, DT FAOSTAT Crop Yield 

Prediction 

Accuracy 

GBR = 89.65% 

RF = 6842 % 

DT = 96% 

Shakya (2021) 

[26] 

Decision Tree Self-made 

hybrid dataset 

Customer 

Segregation in 

Banking 

Model 

Accuracy 77% 
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Agarwal et al. 

(2021) [27] 

LSTM+RNN+

SVM 

huge generic 

crop dataset 

from Kaggle 

Crop Yield 

Prediction 

Accuracy = 97% 

Vivekanandam 

(2021) [28] 

Wolf 

Optimization 

Self-made 

Android 

dataset 

Malware 

Detection 

Accuracy = 92.3% 

 Proposed Work 

The proposed work is employed with a hybrid dataset that consists of historical data of 

each Indian states from the year 1997 to 2014. Similarly, the nature data are downloaded from 

a GIS framework for the same years and the preprocess work is done on both datasets for 

filling-up the missing and mismatch data available in the dataset. In some places the data 

available in the dataset are converted into the same metric for a comfortable manipulation. 

Further the dataset information between the years 1997 to 2013 is considered for the training 

process and 2014 data is taken for the testing process. Figure 3 indicates the architectural block 

diagram of the proposed model.  

 

Figure 3. Block diagram of the proposed model 
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The different metrics of data available in the datasets are included in the work with 

different weightages. The year and seasonal information are considered in the work with a 

separate and equal weightage when compared to the other data. However, the weightages of 

features belong to the crop, and production is taken for the training process with an individual 

data attribute value. The information of soil is combined in the work for the analysis, and the 

values that belong to rainfall and temperature were averaged for all the training years. The 

features extracted with different weightages are forwarded to a SqueezeNet model for the 

training process. The SqueezeNet estimates the future growth, by understanding the crop 

growth rate observed among the previous rates, with respect to the climatic changes observed 

on the same year. The work is involved with a supervised training model, where the year wise 

information is forwarded to the neural architectures of the SqueezeNet one by one. This 

improves the training capacity of the network algorithm. 

 

Figure 4. Architecture of the SqueezeNet algorithm 

The SqueezeNet was developed to minimize the computational complexity of a regular 

neural network. Therefore, the model was developed with less number of training and tuning 

parameters and it fits the system even with a usual memory space. The parametric size of the 

SqueezeNet is 5MB whereas in the regular neural network like AlexNet, the parametric data 

size ranges around 240MB. The size reduction is achieved in the SqueezeNet by minimizing 

the filter sizes from 3x3 to 1x1 along with a reduction in input channels. Figure 4 explores the 

architectural view of the developed SqueezeNet model, and the fire model present in the 

architecture explores the squeezed blocks of convolution filters that varies from 1x1 to 3x3. 
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The convolution filters included in the fire blocks are tunable metrics same as that available in 

an Inception neural network. The accuracy of the SqueeezeNet is achieved by increasing the 

filter count in each fire block. 

 Experimental Analysis 

The performance of the proposed work is compared with the Inception and ResNet 

algorithms in terms of crop, area and production accuracies. The downloaded dataset [29] 

contains the information of more than 21 Indian states. However, the work utilizes the 

information of only seven states. The SqueezeNet architecture is developed to overcome the 

computational complexity of the Inception and ResNet algorithms. Therefore the work 

compares the performances of the SqueezeNet with Inception and RestNet models. 

 

Figure 5. Crop accuracy comparison among the verified algorithms 

Figure 5 explores the accuracy of the crop prediction data of the year 2014 available in 

the dataset. The experimental projection indicates that the accuracy of the SqueezeNet comes 

to the top for majority of the states except the Karnataka and Telangana states. The Inception 

network shows a betterment in those two state’s data and the results of ResNet shows a 

betterment over the Inception algorithm in the state of Andhra. 
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Figure 6. Area accuracy comparison among the verified algorithms 

Figure 6 represents the area of cultivation accuracy of the verified algorithms, and it 

shows a collective betterment of ResNet in many states over the Inception and in few states 

than the proposed SqueezeNet. However, the SqueezeNet shows an overall betterment among 

the other two algorithms in average. 

 

Figure 7. Production accuracy comparison among the verified algorithms 

Figure 7 indicates the production accuracy of the SqueezeNet, Inception and ResNet 

models. It represents a good accuracy rate for SqueezeNet on all the state data. This is 

comparatively higher in rate when compared to the area and crop accuracies. The competition 

between the accuracies of ResNet and Inception algorithms continues to the production 
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accuracy as well though the accuracy of ResNet explores a major betterment than the Inception 

algorithm. 

 

Figure 8. Overall accuracy comparison among the verified algorithms 

The overall accuracy differences among the verified algorithms are shown in Figure 8 

and it indicates a huge accuracy variation on SqueezeNet in average. The accuracies of 

Inception and ResNet are closer to each other with just 0.04% difference. The prediction work 

also found a reduced computational analysis time on SqueezeNet over the traditional Inception 

and ResNet. 

 Conclusion 

Prediction algorithms can achieve a better accuracy rate when the collected data are 

integrated with some pre-available information. The proposed work is incorporated with a 

historical vegetation data and nature data for improving the prediction accuracy. The work 

utilizes a SqueezeNet algorithm because of its light weighted nature on the running process. A 

manual preprocessing work is also incorporated in the work with a change in feature selection 

rate. An experimental analysis was performed in the work to prove the efficacy of the proposed 

model on three categories and the results show a lesser accuracy rate on crop prediction model 

and higher accuracy rate on production estimation model. The reduction of accuracy in crop 

estimation is observed due to the wide range availability of crops. The same reduction of 

accuracy in crop estimation is observed on the traditional Inception and ResNet algorithms as 
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well. The accuracy attainments of SqueezeNet algorithm can be improved to a certain extent 

when the feature attribute’s weightages are fine tuned in the fire block. 
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