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ABSTRACT_This paper gives two contributions to the state-of-the-art for viticulture 

technology research. First we present a comprehensive review of computer vision, image 

processing, and machine learning techniques in viticulture. We summarise the latest 

developments in vision systems and techniques with examples from various representative 

studies including harvest yield estimation, vineyard management and monitoring, grape 

disease detection, quality evaluation, and grape phenology. We focus on how computer 

vision and machine learning techniques can be integrated into current vineyard management 

and vinification processes to achieve industry relevant outcomes.  

The second component of the paper presents the new GrapeCS-ML Database which consists 

of images of grape varieties at different stages of development together with the 

corresponding ground truth data (e.g. pH, Brix, etc.) obtained from chemical analysis. One of 

the objectives of this database is to motivate computer vision and machine learning 

researchers to develop practical solutions for deployment in smart vineyards. We illustrate 

the usefulness of the database for a color-based berry detection application for white and red 

cultivars and give baseline comparisons using various machine learning approaches and color 

spaces. The paper concludes by highlighting future challenges that need to be addressed prior 

to successful implementation of this technology in the viticulture industry 

1.INTRODUCTION 

The domesticated grape is an 

important fruit crop from an economic 

perspective and is also one of the 

oldest with a long history of cultural 

significance. It is believed that Vitis 

vinifera has its beginnings in an area 

between the Black Sea and Caspian 

Sea but today there are over ten 

thousand varieties grown across the 
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globe. In terms of land area designated 

for wine production, Spain is first, 

followed by other countries like 

France and Italy [1]. The viticulture 

industry is also important in countries 

like the United States, Australia and 

Chile. Suitable environmental 

conditions and appropriate cultural 

practices throughout the season are 

required to ensure optimal grapevine 

performance and grapes that will 

match the desired wine style [2]. The 

harvest can vary substantially from 

year to year and also within the 

vineyard due to soil conditions, 

climate, disease, pests, and vineyard 

management practices. In vineyards 

using traditional practices, tasks are 

human performed; they can be time 

consuming and lead to physical stress 

and fatigue. In recent decades and 

especially over the last few years, new 

technologies have been implemented 

to allow the automation of many tasks. 

Such technologies include robotics, 

remote sensing, and wireless sensor 

network (WSN) technologies. Modern 

agricultural machines utilize 

automation technologies to control the 

movement within the vineyard (in 

terms of speed and direction of travel 

and steering angle) and to manage the 

agronomic operations. Advanced 

location technology makes it possible 

to have an automatic guidance system 

based on the use of GPS and sensors 

[3].  

 

For example, tractors have been 

engineered to perform site-specific 

operations autonomously without human 

intervention through the interpretation of 

prescription maps made with monitoring 

sensors mounted on board. There are many 

commercial solutions for Variable Rate 

Technology (VRT) deployment in 

vineyards. The practical deployment of 

robotics in precision viticulture is still in 

the emerging phase, but many projects are 

already in the final stages of development, 

and some have already been put on the 

market. Examples of robot prototypes and 

commercial solutions for viticulture are 

VineRobot [4], VINBOT [5], VineGuard 

[6], Wall-Ye [7], VRC Robot [8], 

Vitirover [9], and Forge Robotic Platform 

[10]. The application of remote sensing 

technologies to precision viticulture has 

allowed the description of vineyard spatial 

variability with high resolution. The use of 

image acquisition performed at a distance 

with different scales of resolution is able to 

describe the vineyard by detecting and 

recording sunlight reflected from the 
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surface of objects on the ground. Platforms 

used in remote sensing are satellites, 

aircraft, helicopter and unmanned aerial 

vehicles (UAVs). However, they either 

produce single or few synoptic views over 

the entire vineyard because data capture is 

expensive, and therefore unlikely to be 

adopted by vineyard managers for 

continuous measurements or monitoring. 

Wireless sensor network (WSN) 

technologies are useful and efficient for 

remote and real-time monitoring of 

important variables involved in grape 

production. A WSN is a network of 

peripheral nodes consisting of a sensor 

board equipped with sensors and a wireless 

module for data transmission from nodes 

to a base station. The data can be 

processed or stored and is accessible to the 

user. A comprehensive review on the state 

of the art of WSNs in agriculture can be 

found in Ruiz-Garcia et al. [11]. The use of 

remote image sensing has been the focus 

of much of the research in viticulture but it 

falls outside the scope of this review. 

Similarly, WSNs, automation technologies 

and robots without image sensing or 

computer vision and machine learning also 

fall outside of the scope of this paper. The 

reader can refer to the available reviews on 

automation and robotics [12], [13], remote 

sensing [14], [15], and WSNs [16], [l1] in 

Computer Vision and Machine Learning 

for Viticulture Technology viticulture and 

agriculture 

2.LITERATURE SURVEY 

Technology Description Benefits Drawbacks 

Leaf 

Detection 

Using computer 

vision algorithms to 

identify and classify 

grapevine leaves. 

- Efficient and accurate 

leaf identification. - 

Enables monitoring of 

leaf health and disease 

detection. 

- Limited accuracy in detecting 

leaves obscured by other objects 

or shadows. - Variability in leaf 

appearances due to different 

growth stages and lighting 

conditions. 

Fruit Utilizing image 

analysis techniques to 

detect and count 

- Automates fruit 

counting and yield 

estimation. - Enables 

- Difficulty in distinguishing 

overlapping or occluded fruits. - 

Variability in fruit appearance 
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Detection grape clusters or 

individual fruits. 

selective harvesting and 

yield optimization. 

due to shape, color, and maturity 

levels. 

Disease 

Detection 

Applying machine 

learning algorithms to 

identify and classify 

grapevine diseases 

and infections. 

- Early detection and 

timely treatment of 

diseases. - Reduction in 

chemical treatments and 

increased sustainability. 

- Limited availability of 

comprehensive disease datasets 

for training models. - 

Challenges in distinguishing 

between diseases and other 

environmental factors. 

Harvest 

Prediction 

Utilizing machine 

learning models to 

predict optimal 

harvest times based 

on various factors. 

- Improved planning and 

resource management. - 

Enhanced grape quality 

and wine production. 

- Reliance on accurate weather 

and environmental data for 

accurate predictions. - 

Difficulties in modeling the 

impact of complex factors such 

as climate change and disease 

outbreaks. 

Vineyard 

Mapping 

Using drone-based 

imagery and machine 

learning algorithms to 

create detailed maps 

of vineyard layout. 

- Precise vineyard 

mapping for better 

planning and 

maintenance. - 

Identification of areas 

requiring specific 

attention. 

- High cost of drone-based 

imaging systems. - Challenges 

in handling large volumes of 

image data for processing and 

analysis. 

Please note that the benefits and drawbacks mentioned in the table are general observations 

and may vary based on specific implementations and technologies used. Additionally, the 

field of computer vision and machine learning is constantly evolving, and some of the 

mentioned drawbacks may be addressed or mitigated through ongoing research and 

advancements. 

3.PROPOSED SYSTEM 

In this project we describe ‘GrapeCS-ML 

Database’ which can be used to train 

various machine learning algorithms such 

as SVM, KNN,  Extension Extreme 

Machine Learning. Once we trained model 

on ML algorithms then that trained model 

can be used to predict grape growth, 
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harvest time and phenology (development 

cycle) type on new test images. 

3.1 IMPLEMENTATION  

Define the Problem: 

Identify the specific problem or task in 

viticulture that can benefit from 

computer vision and machine learning 

techniques. For example, it could be 

grape disease detection, grape quality 

assessment, or yield estimation. 

Data Collection: 

Collect a diverse and representative 

dataset for training and testing the 

machine learning models. This may 

involve capturing images of grapevines, 

grape clusters, diseased leaves, or other 

relevant data points using cameras or 

drones. 

Data Preprocessing: 

Preprocess the collected images to 

ensure consistency and remove noise or 

irrelevant information. Apply techniques 

such as resizing, cropping, 

normalization, and noise reduction to 

enhance the quality of the data. 

Feature Extraction: 

Extract relevant features from the 

preprocessed images that are important 

for the specific task at hand. This could 

involve techniques like edge detection, 

color analysis, or texture analysis to 

capture key characteristics of the grapes 

or vineyard elements. 

 

 

Model Selection and Training: 

Select an appropriate machine learning 

model for the task, such as ML  for 

image classificationTrain the model 

using the preprocessed data, ensuring 

the dataset is split into training and 

validation sets. 

Model Optimization: 

Fine-tune the model parameters and 

architecture to achieve better 

performance. This may involve 

techniques like hyperparameter tuning, 

regularization, or data augmentation to 

improve the model's ability to 

generalize. 

Model Evaluation: 

Evaluate the trained model using the 

validation dataset to assess its 

performance metrics such as accuracy, 

precision, recall, or F1 score. Iterate and 

refine the model as needed to achieve 

desired results. 

Deployment and Integration: 
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Deploy the trained model in a suitable 

environment, such as an embedded 

system, cloud platform, or edge device. 

Integrate the model with other 

viticulture technologies and systems, 

such as remote monitoring systems or 

decision support tools. 

Testing and Validation: 

Test the deployed model in real-world 

scenarios or simulated environments to 

validate its performance and accuracy. 

Evaluate its ability to detect diseases, 

assess grape quality, or perform the 

desired task accurately. 

Continuous Monitoring and 

Improvement: 

Continuously monitor the performance 

of the deployed system and collect 

feedback from users and stakeholders. 

Analyze the system's outputs and 

identify areas for improvement. Update 

the model and algorithms as necessary 

to enhance its performance over time. 

It's important to note that the 

implementation steps can vary 

depending on the specific task and 

available resources. Additionally, the 

implementation may involve 

collaboration with domain experts, data 

scientists, and software engineers to 

ensure a successful integration of 

computer vision and machine learning 

technologies into viticulture practices. 

3.2  Algorithms 

Support Vector Machine(SVM): 

SVM aims to find the optimal 

hyperplane that separates the data points 

of different classes with the largest 

margin. 

It can handle both linearly separable and 

non-linearly separable data through the 

use of kernel functions, such as the 

linear, polynomial, or radial basis 

function (RBF) kernels. 

SVM is effective in handling high-

dimensional data and works well with 

small to moderate-sized datasets. 

The algorithm is based on the concept of 

support vectors, which are the data 

points closest to the decision boundary. 

SVM can handle binary classification 

problems and can be extended to handle 

multi-class classification tasks through 

techniques like one-vs-one or one-vs-

rest. 

It is also used for regression tasks by 

formulating a regression version of 

SVM. 

K- Nearest Neighbours(KNN): 
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KNN is a lazy learning algorithm that 

does not explicitly build a model during 

the training phase. 

It determines the class (or computes the 

average value for regression) of a new 

data point based on the classes or values 

of its k nearest neighbors. 

The choice of k affects the algorithm's 

sensitivity to noise and its ability to 

capture local or global patterns in the 

data. 

KNN relies on a distance metric (e.g., 

Euclidean distance) to calculate the 

proximity between data points. 

It can handle both binary and multi-class 

classification problems as well as 

regression tasks. 

KNN is relatively simple to understand 

and implement, but its performance can 

be computationally expensive, 

especially with large datasets. 

 

Extreme Learning Machine(ELM): 

ELM is a single-hidden-layer 

feedforward neural network algorithm. 

The hidden layer of ELM consists of 

randomly initialized neurons, and the 

output layer consists of linear neurons. 

During training, the weights between the 

hidden layer and the output layer are 

calculated analytically using random 

weights and the Moore-Penrose 

pseudoinverse. 

ELM is known for its fast training 

speed, especially compared to other 

iterative learning algorithms like 

backpropagation. 

It is particularly suitable for large-scale 

datasets and high-dimensional feature 

spaces. 

ELM has been primarily used for 

classification and regression tasks, but it 

has also been extended for other tasks 

like clustering and feature selection. 

Remember that these algorithms have their 

own nuances and variations, and different 

implementations or variations may exist. 

It's recommended to refer to specific 

resources or research papers for more 

detailed information on the algorithms, 

their variations, and their application to 

specific problem domains

. 

4.RESULTS AND DISCUSSION 
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Fig 1:Main Screen  

 

Fig 2:Predict Result 
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Fig 3:accuracy Comparison  

5

.CONCLUSION AND FUTURE 

SCOPE 

 

The integration of computer vision and 

machine learning technologies into 

viticulture has the potential to 

revolutionize the industry, improving 

efficiency, productivity, and overall grape 

and wine quality. Through the application 

of advanced algorithms and techniques, 

viticulturists can leverage computer vision 

to automate tasks, make data-driven 

decisions, and optimize vineyard 

management practices. 

 

Computer vision enables the identification 

and tracking of vineyard elements such as 

vines, grape clusters, and pests, facilitating 

real-time monitoring of vine growth and 

development. By employing machine 

learning models, diseases and pests can be 

detected early, enabling prompt 

intervention and minimizing crop losses. 

Moreover, non-destructive assessment of 

grape quality using computer vision allows 

for accurate prediction of ripeness, leading 

to improved harvesting decisions and 

enhanced wine production. 

 

The implementation steps involve defining 

the problem, collecting and preprocessing 

data, selecting and training machine 

learning models, optimizing performance, 

deploying the solution, and continuously 

monitoring and improving the system. 

These steps ensure a systematic approach 
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to leveraging computer vision and machine 

learning for viticulture. 

 

However, challenges such as the 

availability of diverse and representative 

datasets, model optimization, and the 

integration of technologies into existing 

viticulture practices must be addressed. 

Additionally, ethical considerations related 

to privacy and data usage should be 

carefully addressed to ensure responsible 

implementation. 

 

Overall, computer vision and machine 

learning have the potential to transform 

viticulture, enabling growers to make data-

informed decisions, optimize resource 

allocation, and enhance grape quality and 

wine production. As technology continues 

to advance, the synergy between 

viticulture and these technologies will 

continue to evolve, leading to more 

efficient and sustainable practices in 

the wine industry 
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