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Abstract:

Vitamin deficiencies can have significant impacts on
overall health and well-being. Early detection plays
a crucial role in preventing complications and
improving outcomes. However, traditional methods
for detecting deficiencies can be time-consuming
and costly. This project aims to develop a novel
method for detecting vitamin deficiencies using the
AlexNet DNN algorithm, a powerful deep learning
model for image classification. The purpose of this
project is to explore the feasibility of using image
analysis and deep learning techniques to detect
vitamin deficiencies accurately and efficiently. The
objectives include improving the accuracy of
detection, reducing false positives and negatives,
and developing a reliable and accessible tool for
early detection. To achieve our objectives, we will
gather a large dataset of images depicting various
vitamin deficiencies. These images will be
preprocessed to enhance features and reduce noise.
The AlexNet DNN algorithm will be trained on this
dataset, learning to recognize patterns and features
associated with different deficiencies. The algorithm
will undergo rigorous testing and evaluation to
ensure its effectiveness.
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1- Introduction
Vitamins are vital nutrients that our systems are
incapable of synthesizing independently. They are
essential for sustaining optimal health and averting
illnesses. Vitamin deficiencies may profoundly
affect general health and well-being. Timely
identification is essential for avoiding issues and
enhancing results. Conventional approaches for
identifying vitamin deficiencies, including blood
testing and physical assessments, may be laborious,
intrusive, and costly. Nevertheless, conventional
techniques for identifying inadequacies may be
labor-intensive and expensive. This study seeks to

provide an innovative technique for identifying
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vitamin deficiencies via the use of the AlexNet deep
neural network algorithm, a robust model for picture
classification. This study seeks to provide an
innovative technique for detecting vitamin
deficiencies via the AlexNet deep convolutional
neural network (DNN) algorithm. The objective is to
develop a non-invasive, rapid, and precise technique
for detecting vitamin deficiencies applicable in
many clinical environments. Vitamin insufficiency
is a worldwide issue impacting over two billion
people. According to the WHO, one in three infants
lacks sufficient vitamins. Vitamin insufficiency is a
prevalent issue that impacts more than two billion
people worldwide. According to the WHO, one in
three infants lacks sufficient vitamins. Thirty-three
percent of children under five years old have a deficit
in vitamin A. This condition presents with
nyctalopia and diminished immunity. Vitamin
shortages may impact individuals of all ages and
often coincide with mineral deficiencies, including
iron, zinc, and iodine. Youngsters and pregnant
women are the groups most vulnerable to vitamin
deficiencies due to their heightened need for these
nutrients and their susceptibility to their absence.
The most widespread A deficiency of vitamins
underscores several health issues we encounter
everyday, many of which stem from insufficient
nutrition and/or mineral intake. Effectively tracking
our nutritional needs is difficult, especially when
individuals lack medical advice and are oblivious to
the particular deficiencies they may have. Nearly 2
billion individuals worldwide are lacking in certain
vitamins. Annually, 500,000 individuals succumb to
zinc deficiency, totaling about 1.2 billion affected
persons. Similarly, iron deficiency anemia results in
the deaths of approximately 100,000 persons. In the
United Arab Emirates, over 90% of the population
has deficiencies in several vitamins. Although a
hunger crisis is not impacting the whole country,

data collected in the United States reveals that over

92% of individuals had at least one vitamin or
mineral deficiency. The widespread availability of
inexpensive, processed junk food has rendered
nutrient-dense meals seen as costly, transforming
them from a daily dietary staple into a status symbol.
Vitamin deficiencies are associated with folate,
vitamin D, vitamin A, and vitamin B. Diseases such
as pellagra and scurvy have become rare due to
supplementing programs. Vitamin deficiencies
highlight several health problems we encounter
often. The deficiency in essential minerals and
nutrients is the root cause of many of these issues.
Assessing  our nutritional requirements  is
challenging, particularly when individuals are
unaware of potential deficiencies and lack access to
medical guidance. Inadequate levels of vitamins
affect around 2 billion people globally. Globally,
around 1.2 billion individuals are zinc deficient,

resulting in 500,000 fatalities annually.

2-RELATED WORKS
Vitamin deficiencies provide considerable health
risks that may result in many consequences if not
identified promptly. Conventional diagnostic
techniques sometimes include intrusive procedures
such as blood testing, which may be expensive and
time-consuming. Recent breakthroughs in deep
learning, especially via convolutional neural
networks (CNNs), have enabled novel noninvasive
detection techniques wusing picture analysis.
Numerous research advocate using the AlexNet
architecture, a prominent deep learning model, for
the identification of vitamin deficiencies via picture
categorization. This model excels at detecting subtle
visual indicators of nutritional inadequacies by
examining photographs of certain body parts,
including the eyes, lips, tongue, and nails, from
people both with and without nutrient deficiencies,
which serve as training data for the neural network.

The photos are subjected to preprocessing to
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augment characteristics associated with defects and
standardize the data. A convolutional neural
network (CNN) is then constructed and trained on
these preprocessed pictures. The CNN has many
layers for feature extraction and generates
predictions on shortcomings. This trained algorithm
may be used for real-time identification of nutritional
shortages by examining input photos and delivering
predictions. These forecasts enable prompt
identification and management for people
susceptible to nutritional deficits.

Dony Novaliendry and colleagues Creation of an
Expert System Application. Identify Vitamin
Deficiencies in the Human Body IEEE-2020[1] This
application employs the forward chaining approach
and the concept of depth-first search algorithms. The
Forward Chaining technique is a data-driven
approach. Research conducted by Ahmed Saif
Eldeen et al. on the detection of vitamin deficiency
via image processing and neural
networks.IEEE2020 launched a complimentary Al-
driven smartphone application for identifying
vitamin deficiency with photos of certain body
regions. This technology obviates the need for
expensive laboratory analyses by examining photos
of the eyes, lips, tongue, and nails to identify
probable deficiencies, and provides nutritional
source suggestions along with microcorrection
guidance with CNN. Elavarasi K et al., IEEE 2023
Diagnosis of Vitamin Deficiency in Humans
Utilizing  DNN  Algorithm[3].Proposed  a
classification method using a deep neural network
(DNN) algorithm based on a Region-based
Convolutional Neural Network (RCNN) for
detecting vitamin insufficiency via skin surface
microscope pictures. Their process entails collecting
pertinent characteristics from photos,

particularly border and edge information, using Blur
Trace (BT) methods.

Chen-Hsun Weng and colleagues A portable

platform for quantifying vitamin D levels via
paperbased microfluidics. MDPI-2018 microfluidic
device for the rapid measurement of vitamin D
levels. This portable platform consists of a
smartphone attachment, a specialized application,
and a test strip, allowing colorimetric detection of
25-hydroxyvitamin D using an innovative gold
nanoparticle-based  immunoassay. =~ Thedevice
provides a quick and portable method for measuring
vitamin D levels, using advanced detection

technologies.

Alberto Del Bimbo et al. investigated the use of deep
learning-based Convolutional Neural Network
(CNN) algorithms for picture analysis to identify
vitamin deficiencies in their 2018 IEEE
publication.[5] This paper examines the range of
visually identifiable symptoms and signs linked to
specific vitamin deficits in different regions of the

human body.

Research conducted by Dr. N. Durga Rao Detection
of vitamin insufficiency.Employing convolutional
neural networks with Adam optimization in 2024 [6]
A broad range of vitamin deficiencies may manifest
one or more visibly identifiable symptoms and signs
in various regions of the human body. The platform
enables medical professionals to enhance the
detection range and accuracy of the application by
contributing and verifying visual data of their
patients, thereby facilitating more sophisticated
image analysis and feature extraction through Deep

CNN (Convolutional Neural Network).

3-METHODOLOGY
1. ARCHITECTURAL DESIGN
Overall, the diagram depicts the process of training

a machine learning model to
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analyze human skin and eye images and recommend
a diet plan based on the analysis.

Here's a step-by-step explanation:

1. Training Phase:

e Human Skin: This is the foundation of the model.
It'sa

collection of images of human skin and eyes used to
train the model.

e Input Image: A single image from the dataset is
fed into the model as input.

e Preprocessing using Gaussian Filter: The input
image is preprocessed using a

Gaussian filter. This step helps to reduce noise and
smooth the image, making it

easier for the model to extract features.

e Extract Features based on data augmentation and
through Alexnet: The

preprocessed image is then passed through a feature
extraction process. Data

augmentation techniques, such as rotation, flipping,
and scaling, are applied to

the image to increase the diversity of the training
data. The Alexnet architecture is

used to extract relevant features from the image.

2. Performance Graph:

Dataset
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e This component likely displays the model's
performance metrics, such as

accuracy and loss, during the training process. This
helps in evaluating the

model's progress and making adjustments as needed.

3. Train Alexnet Model:

e This step involves training the Alexnet model on
the extracted features. The

model learns to identify patterns and relationships
between the features and the

corresponding diet plans.

4. Testing Phase:

e Predicted result with recommended diet plan:
Once the model is trained, it can

be used to predict the recommended diet plan for
new input images. The model

analyzes the features of the input image and

generates a prediction.

5. Trained model:
o This represents the final trained model that can be
used to make predictions on

new images.

Performance Graph

|
|
|
|
| Human skin images
|
|
|

Input Image

Preprocessing using
Gaussian Filter

Extract Features based
—======3 ondataaugmentation [====Z= ===

2. Dataset Collection:
The cell samples collected and digitized using a

customized digital camera. The images are properly

and through Alextnet

Predicted vesult with
recommended diet plan

Trained model

Testing Phase

labeled and stored. The sputum cytology images are
so chosen such that the target region contains

glandular cells.
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3. Feature Extraction

This stage properly marks out the position of
glandular cells in the image. Various image
processing algorithms are needed for this purpose.
Sometimes a single algorithm may not give
satisfactory segmentation and hence different
algorithms are in parallel and chose the best
output. Since clusters are dealt rather than
individual cells it is often not possible to
separate the clusters in a proper manner. So it is
necessary to make segmentation an
approximate one keeping the margin of error at
a very low level.The segmentation results are
fed into a feature extraction module. There
using various image analysis techniques
morphological, textural, color and scale based
features are extracted. All these features are

properly labeled and stored for further analysis.

4. ALEXNET

Classification is the crucial step in the entire
operation as it is in this stage that the decision
is taken whether the sample is deficiency or not.
To train the system, the initial sample images
are used. Classification is done using an
‘Reginal Convolutional neural network’
‘ALEXNET is a  mathematical or
computational model and consists of an
interconnected group of artificial neurons. Two

layer network is developed and training is done

to achieve minimum error.

4- Results
This is an illustration of how the project's
outcomes may be shown after the creation,
testing, and assessment of the Vitamin

Deficiency Detection System using AlexNet
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and nutritional advice.

Precision and Recall: The accuracy and recall
scores were equilibrated, signifying the model's
capacity to accurately detect flaws (precision)
while minimizing omissions (recall). The
model attained an F1 score of 0.87, indicating
an effective equilibrium between accuracy and

recall for the identified flaws.

Dietary Recommendations

The system successfully generated

rdietary recommendations based on the

detected deficiencies. Some of the dietary

recommendations include

* Vitamin B Deficiency: Eggs, Meat, Nuts

- Vitamin D Deficiency: Salmon, Fortified
Milk, Sunlight Exposure

« Vitamin E Deficiency: Almonds, Avocado,

Mango, Sunflower seeds

System Usability

The user interface (UI) was designed to be
straightforward and clear, enabling users to
effortlessly submit photographs of their
symptoms. Upon processing, the system
delivered prompt feedback:

The picture upload functionality worked well,
allowing customers to promptly submit
highresolution photographs for evaluation. ¢
The results page presented identified
inadequacies, if applicable, and provided
practical nutritional recommendations in an
accessible style.

The interface was compatible with both desktop

and mobile devices, allowing users to use the
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system across many platforms.

System Performance
The backend system executed real-time inference guaranteeing scalability and resilience for extensive
proficiently, analyzing photos within 5 to 10 seconds user populations.

for each assessment. The system was enhanced to

il i
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accommodate numerous concurrent users,

Inference time: Less than 10 seconds per image.

Vitamin Deficiency Classifller
Input Image

Preprocessed Image

Predicted as: Vitamin B Deficiency
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5- CONCLUSION

In conclusion, the Vitamin Deficiency Detection
System developed using the AlexNet model offers a
promising solution for detecting common vitamin
deficiencies from visual symptoms. By leveraging
deep learning techniques, the system can provide
fast, real-time results with an accuracy rate of 85-
90%, making it an efficient alternative to traditional
diagnostic methods. The use of image processing
and neural networks allows for quick analysis of
images, providing users with immediate feedback on
potential deficiencies without requiring costly lab
tests or professional consultations. This makes the
system highly accessible and cost-effective,
particularly in resource-constrained settings.

While the system performs well for detecting
common deficiencies with clear visual indicators,
such as those related to Vitamin B, Vitamin D, and
Vitamin E, there are certain limitations. The

system's accuracy tends to decrease with ambiguous

symptoms or low-quality images, and it is currently
limited to detecting only those deficiencies that
manifest visibly. The model also struggles with
more subtle or internal deficiencies, which may not
have clear outward signs. These challenges highlight
areas where future improvements can be made,
particularly in handling varied image quality and
expanding the range of deficiencies detected.

To improve the system's overall performance,
further enhancements are needed, such as adopting
more advanced models like ResNet or EfficientNet,
which offer higher accuracy and better feature
extraction capabilities. Additionally, incorporating a
personalized approach that considers individual
health data could lead to more accurate
recommendations and a more comprehensive
analysis of potential deficiencies. Despite these
areas for improvement, the system provides a
scalable, user-friendly solution that empowers

individuals to monitor their health independently,
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ultimately contributing to better preventive care and

early detection of vitamin-related health issues.
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