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Abstract:

For the past 100 years, the tea process is largely controlled by hand-made interventions and the
color of the tea leaves (both finished and mid-process) play a key role in the process efficiency,
quality measurement and dissolving classification. tea. The development of digital image
processing techniques has been successfully used to assess tea quality . Key components of the
research include image segmentation, feature extraction, and classification. Image segmentation
techniques are employed to separate individual tea leaves from the background, providing a basis for
subsequent analysis. Feature extraction involves quantifying visual attributes, such as color intensity,
texture patterns, and leaf morphology. The significance of this research lies in its potential to
revolutionize the traditional methods of tea quality assessment, offering a more objective, efficient, and
automated approach. The developed image processing techniques not only provide a reliable means of
determining tea quality but also pave the way for real-time quality monitoring in tea production
processes. This research contributes to the broader field of food quality assessment and sets a precedent
for the application of image processing in the context of agricultural products

Introduction:

Tea is one of the most popular and lowest cost beverages in the world [1]. Currently,
more than 3 billion cups of tea are consumed every day worldwide. This popularity is attributed
to its health benefits, which include prevention of breast cancer [2], skin cancer [3], colon
cancer [4], neurodegenerative complication [5], prostate cancer [6], and many others. Tea is
also attributed to the prevention of diabetes and boosting metabolism [7]. Depending on the

manufacturing technique, it may be described as green, black, oolong, white, yellow, and
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compressed tea [8]. Black tea accounts for approximately 70% of tea produced worldwide. The

top four tea-producing countries are China, Sri Lanka, Kenya, and India.

Black tea is the only tea variety that is fully oxidized. The process involved in
producing black tea may vary from country to country and even from region to region. The
taste and aroma of black tea are achieved during fermentation. Oxidation of polyphenolic
compounds in tea leaves to theaflavin and thearubigins results in discoloration and
enhancement of taste. In the process of fermentation the tea leaf particles are spread into small

layers under cool, moist air and left to oxidize for 50 - 80 minutes.

There are six steps to producing black tea. The process begins with brewing green tea,
in which two leaves and a twig are the standard. The next step is to dry out, when the tea leaves
are placed on the bed you have in order to lose moisture. Then there is the cutting, tearing, and
folding process, in which the tea leaves are cut and shredded to open to release oxidation. The
fermentation phase is when the tea reacts with oxygen to produce compounds that are
responsible for the quality of the tea. The heat is transferred to the tea in the drying stage to
remove moisture. The final step is to filter the tea into categories according to their quality. In

these steps, fermentation is very important in determining the level of tea produced.

Step:1 Plucking
Step:2 Withering
Step:3 Cut Tear and Curl
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Step:4 Fermentation
Step:5 Drying
Step:6 Sorting

Figure: 1 Steps in Tea processing

Fermentation:

The fermentation process begins when cells of ruptured tea leaves react with oxygen to produce
two compounds: Theaflavins (TF) and Thearubins (TR) [10,11]. Theaflavins are responsible
for the brightness and briskness of the tea liquor while TR is responsible for the color, taste,
and body of tea [11]. During fermentation, the following parameters must be maintained:
temperature, relative humidity, and time [10]. The optimum temperature under which
fermentation should take place should be approximately 25 °C. The ideal humidity should be
approximately 42% [12]. Fermentation is a process that is timely in the beginning, the alcohol
is green and has a raw texture. The formation of TF and TR increases over time until complete
maturation is achieved. At the right time for fermentation, the alcohol becomes softer and
brighter. This is the desired point in fermentation. After a good fermentation period, TR
formation decreases and TF degradation begins. This stage is excessive fermentation, in which

the alcohol is soft and dark.
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Mellow liquor
A Too raw (coppery brown in colour) Too soft
(green in colour) (dark red in colour)
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Figure:2: Quality of Tea Fermentation

Currently, tea tasters determine optimum fermentation manually by either of the

following methods: smell peaks, color change, infusion, or tasting of tea.

Problem Statement:

At present, complete fermentation of tea is obtained by the taste buds using any of
the following methods: to monitor the color change of the tea as fermentation continues to
taste and to smell the tea as fermentation progresses. These handmade methods are
inaccurate. As a result, they lead to a reduction in the quality of the tea. This study identified
an improved point of the fermentation stage by applying a color change to a tea leaf without
disturbing the person. So it will get the prepared temperature, humidity, fermentation time
and oxidation rate. This study will help predict Tea marks after the fermentation phase.
Images of tea granules in the dry-out phase are analyzed and sorted based on their color,
texture, size, texture, moisture and density. The machine vision technique offers the
researcher another non-invasive method that has a purpose different from the normal way

to use a human sensory panel that was highly compatible and plagued by human variability.

The main issues required to be addressed by this work include:
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e Determination of size, shape, texture, etc. of granules of tea non-destructively
by machine vision for assessment of tea grade.

e Determination of colour of brewed tea liquor for assessment of grade.

e Measurement of moisture and density of various grades of tea for
grade discrimination.

e Development of a classifier followed by statistical validation of results.

Proposed Methodology:
The "fermentation process" plays an important role in determining the quality and taste

of black tea. The method used in many tea factories to determine the duration of fermentation
is to use the physical eye of an experienced worker. However, color acquisition will vary from
person to person. Therefore, tea leaves can sometimes be stored ripe or less. A calculation
method is proposed for this project in order to determine the quality of the fermentation process.
The proposed method is based on image processing techniques using the MATLAB software.
The proposed system will only require a photo of the tea particles. Therefore, the methodology
consists of three main steps; pre-image processing, segmentation, feature extraction and

editing.

ITmage
Acqgguisition

i1

Image
pre-Processing

1
I :

-
Feature
Extraction
[ Classification

Figure:3: Proposed General research Flow
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Phase: I: Image Acquisition:

Images collected during the tea fermentation process were the first input process.
Images are collected using the Canon -650D model with 18 megapixel camera. Hand-operated
camera mode is used where the ISO value is 400, shutter speed 1/250 Sec, and 36 mm focus
time set. White balance is set manually. A light box is used for taking pictures to maintain a

controlled environment.

Phase:2: Image Pre-Processing:

The captured image samples of tea contained with irrelevant area. In order to further
analyze the image, the region needed for analyzing was extracted from the original image
samples. Then it was resized t01024 x 1024 pixel size in order to lower the processing time.
MATLAB software was used in this project for image processing. The image captured may
include shadow areas. In order to remove shadow regions, a threshold value was set to 0 and 1

(white 1, black 0) based on trial and error. This step enhanced the image quality significantly.

Phase:3: Image segmentation:

The tea grains were segmented in this phase for better analysis and classification of tea

type based on the quality.

Phase:4: Feature Extraction:

The features of the segmented regions are extracted in this phase. The texture and color

feature are extracted. Maximum the feature extracted better the accuracy in classification.

Phase:5: Image Classification:

The quality of the tea fermentation is classified based on the features that were extracted

. The performance of the classifiers are measured using the performance metrics like precision,

recall, and so on.

Conclusion:
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The current paper explains the general details of the Image processing steps involved
in identifying the quality of tea fermentation process. The proposed research work gives

solution for errors in manual grading of tea fermentation.
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