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Abstract - Image processing became an effective analyzing tool in most of industries nowadays.  In agricultural sector 

farmers mainly focus on irrigation, crops, quality of products and the inputs of farming. In here, expert’s advices are required 

in each step of processing. However, due to the less availability of experts, the expert advices are more expensive and 

consume more time. However, the innovative information technology gives a lot of solutions to these issues by using new 

technologies such as; image processing, IoT, artificial intelligence, etc. This paper presents the role and the uses of image 

processing in agriculture. 
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I. INTRODUCTION  

 

In developing countries, the agro-industrial sector is 

faced to many difficulties in requirement for increase 

production and creating opportunities for poor 

employees who live in rural areas. Information 

Technology and Agriculture were two different areas 

a decade ago, but as the global factors influence the 

agricultural sector there is a great need of IT to the 

agriculture industry. [1] In rural areas farmers have to 

fight with all kind of natural diseases, animal 

illnesses and failures of farming frequently, due to 

lack of communication facilities and unreachable 

solutions. In any sector communication is the key to 

its development. In agriculture it is the same. [16] 

According to that, Information Technology has the 

potential to increase the farming products, increase 

the efficiency of agricultural processes, develop the 

quality of products by using the latest technologies. 

This helps to save the unnecessary costs in money, 

manpower and time. 

 

In machine era most of the manual processes replaced 

by lot of machines. The machineries made the 

farmer’s activities more effective and efficient. 

Furthermore, IT does a lot in decision making 

processes such as Artificial Intelligence (AI) and 

global connections (Networks). Through that the 

industry can be more expanded. Now Information 

Technology Management is a necessary thing to 

success in all stages of agricultural industry. 

 

Here the image processing proved that it carries lot of 

effective tools to handle the analyzing of imagery use 

in agriculture. [2] Automating the analysis is saves lot 

of money and time of farmers who spend more to 

advices and to gain knowledge. Success of many 

different industries lead image processing paved its 

way to application in agriculture. [4]  Digital image 

processing is a system which operates digital image 

digitally. In image processing the major purpose is to 

convert a digital image into a processed image users 

and algorithms. This process can be classified into 

three levels as;  

Low Level Processing (LLP), Medium Level 

Processing (MLP) and High Level Processing (HLP). 

Low Level Processing (LLP) involves pre-processing 

which means; filtering, image enhancement, noise 

removing and sharpening. Medium level processing 

(MLP) contains image classification and 

segmentation. High level processing (HLP) contains 

Image Representation, Image Recognition. [6] 

 

This paper is divided into six major sections. The first 

one is the introduction about the role of Information 

Technology and image processing in agriculture. 

Second section is an overview of image processing 

and agriculture, third section contain methods of 

image processing in agriculture. The fourth section 

describes the applications. Thereafter, discussion is in 

the section five. Finally, the section six presented the 

future directions of image processing in agricultural 

sector. 

 

II. AN OVERVIEW ABOUT IMAGE 

PROCESSING AND AGRICULTURE 

 

Recent years, image processing became an essential 

area in agricultural industry as it supports to provide 

expert advices to any stakeholder. The image taken in 

real time as the input and after that it processed and 

transform into useful information. In image 

processing techniques, the major goal is to improve 

the image quality for better understanding of human 

and analyze the image for recognition of automatic 

machine. [4] The image processing modules are 

named; image acquisition, image preprocessing, 

image segmentation, image representation and 

description and image recognition. [5] Every module 

has its own importance in agricultural field. Image 

acquisition can be identified as the initial step of 

image processing. Here, the required image acquired 

through sensors, digital camera, infrared imaging and 

hyper spectral imaging. After that the image is stored 
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for further analysis and interpretation. The disturbing 

factors such as dullness, noises and brightness may 

reduce image quality. Therefore, it is essential to 

eliminate those factors to have a image with high 

quality for more accurate result. This pre-process is 

called image enhancement. It uses different filtering 

techniques and also applies various sharpening and 

smoothing techniques to develop the image quality. 

[4] 

 

III. METHODS OF IMAGE PROCESSING IN 

AGRICULTURE 

 

The methods which are mention above are described 

here in detail. The paper discussed about five major 

steps. The following diagram is clearly describing the 

whole process of image processing. 

 

 
Fig 1 : Overall process of image processing 

 

A. Image Acquisition 

The formation process should begin with capturing 

image through any capturing device and then store the 

image in digital form as image matrix. [4] The 

collected data from this step is to be processed in 

further steps. Here, the image is in RGB form. Then a 

colour space transformation that does not depend on 

the device, is applied for the colour transformation 

structure. [8] Different image databases are available 

in world-wide with their name, applications and 

description. In this step collecting actual image source 

is required. The converting process of image to 

numerical form before processing, is called 

digitization. [5] The conversion can be done by 

modern digital cameras as they are having charge-

couple device (CCD). [15] [17] 

 

B. Image Pre-processing 

The image preprocessing is done to process and focus 

the image for the specific task for better viewing and 

by that for increasing the efficiency of the total 

process. [5] After this enhancement process, the 

quality of the image is improved, and the requirements 

of the end user is satisfied by the enhanced 

information of the image. [4] Adjusting contrast, 

colour conversion and filtering are some of important 

parts in image enhancement process. [24] Methods of 

image preprocessing can divide into two domains; 

Spatial Domain and Frequency Domain. Under Spatial 

Domain the manipulation of pixel values of the image 

is done while, computing a Fourier transform of the 

image, performing preferred operation and inversing 

the transformation is done under the Frequency 

Domain. [5] [15] 

 

C. Image Segmentation 

Simply, the separation process of unwanted regions of 

the image from the regions of interest is carried out 

under the image segmentation. [4] Here, different 

image attributes are extracted from the original image 

according to the expected result. Among the 

segmentation methods, threshold-based method is 

carried out as the simplest method; computing a 

histogram and selecting the optimum threshold value 

(intensity) to segment the region. [5] Image 

segmentation can be identified in two main methods 

as; colour segmentation and edge detection. [13] 

 

D. Image Representation and Description 

Segmentation process output is followed by the image 

representation and description almost always. Here, 

according to the expected result, the data is 

represented as a complete region or as a boundary. 

When considering the external shape characteristics, 

boundary representation is the appropriate method, 

while the regional representation is appropriate when 

considering internal properties. [5] [17] 

 

 
Fig 2 : Image representation and description 

 

E. Image Recognition  

The process of labeling objects based on the 

previously found information is called Image 

recognition. [17] This is a higher level of image 

processing technique. The region extracted from 

previous module convert into useful information for 

interpretation of users and make decisions. In this step 

the images classified into several groups according to 

the recognized pattern of the image (object). Neural 

networks, speeded up robust features, statistical 

classifiers, feature-based rules, colour analysis, fuzzy 
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classifier and support vector machines are some 

methods used in image/object recognition. [4][5] 

 

IV. APPLICATIONS OF IMAGE PROCESSING 

IN AGRICULTURE 

 

The number of applications of image processing in 

agriculture is becoming high as the measurements are 

highly accurate. With the use of modern algorithms 

and by using multiple sources to gather data such as 

from satellite imagery and sensors located in fields. 

Image processing in agriculture mainly focus on 

water stress, quality of crops and use of pesticides. 

Here are some more applications that use Image 

Processing in agricultural process. 

 

A. Detect weeds in fields 

Weeds are defined as the wild plants which are 

growing where it is not wanted and compete for light, 

water, space and nutrients with cultivated plants. To 

get a better harvest, remove weed is very important in 

agriculture. Researches have found various methods to 

detect weeds using image processing. The algorithms 

used in weed detection techniques based on colour 

detection, edge detection, fuzzy and wavelets 

classification etc. [2] To detect the weeds by image 

processing more accurately, it is needed a clear 

photograph of particular area. The photograph can be 

taken manually or by attach a camera on the field. [20] 

The methods of weed detection by computer vision 

uses the parameters such as the differences of shape, 

size, texture, position, colour spectrum of weeds. [21] 

The weed can be classified based on their frequency 

of edges. Such as, 
 

 Weed with narrow leaves – edge frequency is 

less 

 Weed with wide leaves – edge frequency is high  

[20] [13] 

  

However, nowadays applications have developed to 

real-time detection of weeds in outdoor plants by 

using machine vision. [13] These systems are able to 

estimate weeds covers from camera frames in real-

time. The automation of spraying bars can be taken as 

an example. [21] 
 

B. Disease management 

Early identification of diseases is reduced farmers’ 

time, cost and energy wasting of farmers. Disease 

management refers to detecting, classifying and 

finally treatment. In order to treat to the diseases 

detection and classification should be done first. [9] 

Here mainly concern about diagnose diseases 

automatically and control. Many diseases reveal 

general symptoms caused by bacteria, nematodes, 

virus, fungi, etc. However, fungi show a huge amount 

of disease symptoms in plants. [7] The diseases can be 

affected to every kind of crop such as; fruits, 

vegetables, cereal, commercial crops and etc. For 

identify the disease, a system for identification must 

be built. The parameters to identify diseases can be the 

colour of leaves, shapes of features according to the 

variety and species of the plant. [17] 
 

C. Sort and grade food 

Sorting and grading processes are important in post-

harvest techniques as the productions expect to be 

more qualitative and they need to meet the standards. 

The accuracy of these processes should be on the 

standard level. [13] Rather than using labors on this 

work, using computer vision and image processing is 

effective. It gives an accurate, non-harmful and 

reliable results when it comes to the end of 

manufacturing process. [24] Considering the 

agriculture and food industries, sorting and grading 

processes apply to detect the defects of the fresh 

product such as dark spots, cracks and injuries in fresh 

crops (vegetables/fruits), seeds etc. Many researchers 

use similar kind of conceptions with different image 

processing approaches. [2] [14] The fruits and 

vegetables classified mainly according to their shape, 

size, texture, taste and colour. [19] 
 

D. Applications in crop management 

This includes the activities done with the expectation 

of improving the growth and development of the 

agriculture crop. The process includes irrigation 

management, pest management and many more. 

Image processing can be used to segment varieties of 

wheats before planting [25], detect rice diseases based 

on infected images, irrigation systems using wireless 

sensor network, software for sense real-time in-field 

and control specific site accordingly. [3] Furthermore, 

image processing-based algorithms developed to 

predict production by analyzing the features of a 

picture taken in full blossom or picture taken before 

crops become ripe. [22] [23] 

 

E. Land estimation and object tracking 

When setting the market prices of some varieties of 

crops it needs to estimate crop area and yield forecast. 

Yield estimation based on statistical inspections and 

field reviews are required high cost, consume more 

time and may lead to large errors. Image processing 

together with remote sensing may give information 

on-time based on specific characteristics of crop. That 

information can use to estimate crop yields. [3] 

 

F. Applications in precision farming 

Precision farming is created with the development of 

information technology and agriculture. By following 

this farming method farmers can earn more profits 

and get the environment organized with the help in 

decision making about select seeds, produce harvest 

monitor diseases, use fertilizers and control weeds. 

[18] Using Global Positioning System (GPS) 

precision farmers are able to collect georeferenced 

attribute data such as yield and soil. Using signal 

processing along with these technologies a great 
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result can be achieved. [4] [12] Moreover, this 

farming method improve productivity and save 

manpower and maintenance cost. All plantations 

supervised by digital cameras and analyzed by a 

hosted PC.  As the parameters of the system updated 

into cloud regularly, farmers can estimate the harvest 

and reassure the mass production. [11] 

 

G. Classify soil and suggest crop accordingly 

Several researches have catogorized and 

characterized soil by inventing different techniques 

and designed applications with the following features; 

soil type, HSV, colour, wavelet. However, these 

features are difficult to directly use or understand by 

farmers. According to that issue new researches 

found three new features that can be easily use and 

understand by farmers. They are; suggested crops, 

suggested fertilizer, nutrients of soil. As the 

implementation, soil applications developed on 

Matlab. [6] 

V. CONCLUSION 

 

Image processing has become an embedded 

technology within agriculture field. It used in many 

phases like pre-harvest, post-harvest and 

manufacturing processes. To prevent the insect harms 

to the crops image processing can be used to segment 

insects by analyzing their digital images. When 

needed more information about the pests hit to the 

crops, Automatic Pest Counting Systems and Image 

Recognition of Stored-grain Pests can be used. 

Furthermore, diagnose plant diseases by segmenting 

colour image based on recognition of statistical 

pattern and plant disease visual indicators 

automatically identified by image-processing based 

algorithms can be done through image processing. 

Following table shows contrast of some related 

researches that used to cover this paper. 

 

Title of the Paper Aim or Problems 

Addressed 

Challenges Future Directions 

Applications of Image 

Processing for Grading 

Agriculture products 

To reduce the consuming 

time in grading and 

sorting process. 

To improve the quality of 

grains by using proper 

computer vision. 

Still the processing speed 

is less to fulfill the 

requirement of modern 

manufacturing and 

production. 

Accuracy of the existing 

algorithms should be 

verified and optimized, 

and researches should be 

done in new paradigms. 

Applications of Image 

Processing in Agriculture 

Low availability of 

experts’ advices. 

The cost for advices not 

affordable and time 

consuming. 

In some applications X-

ray imaging limits high 

speed inspection. 

 

Design of Green 

Agriculture System Using 

Internet of Things and 

Image Processing 

Techniques 

Propose new compound 

to automatically plant and 

remotely monitor. 

Captured photos should 

be pre-processed to 

enhance the quality. 

Continuous development 

as agricultural big data or 

agricultural artificial 

intelligence. 

The Role and Potential of 

Information Technology 

in Agricultural 

Improvement 

 

Impact of Information 

Technology in 

Agriculture Sector 

Analyze the role, 

potential, contribution 

and opportunities of 

Information Technology 

in agricultural sector. 

Awareness among 

farmers about ICT is very 

low. 

Connections are poor, 

and bandwidth is low. 

Motivation is low to use 

computers and internet. 

Reduce the digital 

inequality in rural and 

urban areas, user friendly 

systems with native 

languages to regions. 

Digital Image Processing 

Applications in 

Agriculture 

 

Image Processing in 

Agriculture 

 

Image Processing in 

Agriculture 

 

A Study of Image 

Processing in Agriculture 

 

Discuss how to reduce 

time and cost with the 

applications of image 

processing in agriculture 

field, increase the 

productivity in 

agriculture with lesser 

damage to the 

environment, get 

specialists’ advices to 

solve field problems with 

less time and with low 

cost, discusses about the 

Image enhancement is 

needed to improve the 

quality of images to get 

the most accurate result., 

small weeds cannot be 

identified from this 

method because it cannot 

meet the threshold 

condition, thermal 

imaging cannot accept 

universally due to plant 

physiology and climatic 

conditions varies in 

Remote sensing can be 

used to estimate crop 

yields, make easy the 

testing and verification 

processes of newly 

developed image 

processing methods 

agricultural databases 

will be needed. 
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Image processing 

methods and its Role in 

agricultural sector 

 

A survey of image 

processing techniques for 

agriculture 

future capabilities of 

image processing can be 

applied in various 

agricultural industry 

contexts. 

different regions, online 

data sets are not available 

to increase the 

development of image 

processing techniques 

Plant Disease Detection 

Using Image Processing 

 

A Study of Image 

Processing in Agriculture 

for Detect the Plant 

Diseases 

 

Identification and 

Classification of Fungal 

disease Affected on 

Agriculture/ Horticulture 

Crops using Image 

Processing Techniques 

Discuss about the 

methods used to identify 

the diseases of plant by 

leaves images, 

detect diseases early and 

classify diseases in 

agricultural fields. 

Images should be pre-

processed to get more 

accurate result, each 

image classification 

method has different 

drawbacks, work with 

modern 

telecommunication 

technologies is complex 

and challenging. 

 

Implementation of IoT 

(Internet of Things) And 

Image Processing in 

Smart Agriculture 

A viewpoint to combine 

Image processing and IoT 

together in agricultural 

tasks as the farmers 

cannot be on fields 24*7. 

 Can create more solid 

systems by connecting 

IoT and Image processing 

with cloud computing 

concepts. 

A Faster Technique on 

Rice Disease Detection 

Using Image Processing 

of Affected Area in Agro-

Field 

Classify and describes a 

new solution to detect 

diseases in rice crops. 

Image pre-processing is 

required to remove noise 

from image. 

 

A Study of Image 

Processing in Agriculture 

Application under High 

Performance Computing 

Environment 

Discuss about 

applications of image 

processing in agriculture 

under high performance 

computing, in details. 

Due to the existence of 

advance parallel 

processing hardware and 

distributed system, the 

algorithms should be 

fully utilized. 

To enhance the previous 

work on agriculture 

image processing 

algorithm. 

Image Processing of an 

Agriculture Produce: 

Determination of Size 

and Ripeness of a Banana 

Discussed about the 

classification of bananas 

by size and ripeness of 

them from their images 

using the image 

processing toolbox in 

MATLAB. 

 Implement artificial 

intelligence methods to 

determine the quality of 

banana itself based on the 

size and ripeness. 

Real-time image 

processing for crop/weed 

discrimination in maize 

fields 

Implements a machine 

vision system 

differentiate between 

weed marks and crop 

rows under natural 

lightening successfully in 

real-time. 

Tested by taking several 

videos in different fields 

the system detects an 

average of 85% of weeds 

and 69% of crops under 

different illumination. 

The system will be 

implemented directly on 

real fields in near future. 
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Yield prediction in apple 

orchards based on image 

processing 

 

Using colour features of 

cv. ‘Gala’ apple fruits in 

an orchard in image 

processing to predict 

yield 

Study the flower density 

variableness using 

analyzing images in an 

apple orchard, identify 

the relationship between 

flower density and fruit 

yield, design models to 

predict apple yield early 

and estimate the number 

of fruits from it. 

Images with large number 

of fruits can be misled the 

result and they are 

counted manually. 

Optimize the algorithm 

and use better quality 

cameras with high 

resolution for more 

accurate data will 

minimize the errors 

during the image taking 

process. 

 

A survey of image 

processing techniques for 

plant extraction and 

segmentation in the field 

Discuss the segmentation 

method for good 

performance in the whole 

process. 

Colour index-based 

methods may result in 

over-segmentation and 

under-segmentation by 

time to time. 

Threshold based-methods 

require several 

adjustments with 

different lighting 

conditions. 

It is required to research 

further to fully optimize 

the technology of 

machine vision. 

TABLE 1: COMPARISON AMONG RELEVENT RESEARCH PAPERS 

 

CURRENT ISSUES 

 

Even though Image processing is a most popular and 

productive technology used in this field, in 

developing countries like Sri Lanka the technology is 

not used in an efficient way. Specially the processing 

speed is less to fulfill the requirements and demands 

of this industry. Furthermore, in video processing 

when using compression techniques, a lot of security 

issues occurred. Such as watermarking, encrypting 

and stenography. In agricultural sector maintaining 

the consistency and stability of light sources during 

each photo section is the most challenging thing. 

Specially when using this technique to process colour 

related traits.  

 

FUTURE DIRECTIONS 

 

Most of the industries have become very advance 

with the use of new and developed technologies. 

Image processing is one of developed and very useful 

tool in most of these industries. The paper is 

presented about the technological advances when it 

comes to the agricultural industry. In developed 

countries precise farming is very popular and it 

directly contribute towards agricultural productivity. 

In order to increase productivity, it can be combined 

several technologies together and use. It may result 

into cheap but still effective method to use. [10] User 

friendly systems content with local languages is a 

latest solution for farmers who are not related with 

technologies to become more familiar with new 

technologies and to do their works efficiently. [16] 

There are limited number of existing literatures on 

parallel and distributed image processing for 

agriculture. They can be improved near future. [17] 
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