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Abstract— Malnutrition in children under 6 is a significant 

global health concern, affecting an estimated 149 million 

children worldwide [1]. Early identification is crucial for 

timely intervention and improved health outcomes. This study 

explores the potential of image processing techniques for the 

non-invasive detection of malnutrition in this age group. The 

approach leverages digital images, likely facial images, of 

children to automatically classify their nutritional status. 

Machine learning algorithms, particularly Convolutional 

Neural Networks (CNNs), are trained on extensive datasets of 

labelled images. These images depict children with varying 

nutritional states, allowing the CNNs to learn the visual 

characteristics associated with malnutrition. Potential 

indicators identified through image analysis could include 

sunken cheeks, puffy eyes, and changes in skin texture. Once 

trained, the system can analyse new images and predict if a 

child is malnourished or healthy. Compared to traditional 

methods like anthropometric measurements, image processing 

offers a potentially rapid, scalable, and non-invasive approach. 

This technology holds promise for revolutionizing how 

malnutrition is detected in young children, particularly in 

resource-limited settings where access to traditional methods 

might be limited. By enabling early detection and intervention, 

image processing could play a vital role in improving child 

health and well-being. 
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                                I. INTRODUCTION 

 
Malnutrition in children under 6 years of age remains a critical 
global health burden, affecting an estimated 149 million 
children according to the World Health Organization (WHO) 
[1]. Early and accurate identification is paramount for timely 
interventions and improved health trajectories. Traditional 
methods like anthropometric measurements, while established, 
necessitate trained personnel and specialized equipment, 
hindering accessibility in resource-limited settings [2]. This 
research explores the burgeoning potential of image 
processing for non-invasive malnutrition detection in young 
children. Machine learning algorithms, particularly 
Convolutional Neural Networks (CNNs), have garnered 

significant attention for their remarkable achievements in  
 
image analysis tasks [3]. Studies by researchers like 
Lakshminarayanan et al. (2021) demonstrate the promise of 
CNNs in analysing facial images of children to identify 
physical indicators of malnutrition, such as sunken cheeks [4]  
This image-based approach offers several potential 
advantages. Unlike traditional anthropometric methods, image                                                                                                                            
processing can be non-invasive, potentially faster, and more 
scalable. Digital images can be readily captured using readily 
available smartphones or specialized cameras, making the 
technology more readily deployable in resource-constrained 
settings [5]. By enabling earlier detection of malnutrition, 
image processing could play a pivotal role in improving child 
health outcomes on a global scale [6]. 

 
  

Fig. 1. Malnutrition trends in India  
 
 
This paper investigates the feasibility of utilizing image 
processing for malnutrition detection in children under 6. We 
delve into the underlying principles of CNNs and their 
application in this context. We will conduct a comprehensive 
review of existing research on the topic, analysing the 
strengths and limitations of current approaches. Furthermore, 
we will explore the potential benefits and challenges 
associated with implementing this technology in real-world 
settings. Ultimately, this research aims to contribute to the 
development of effective and accessible tools for early 
malnutrition detection in young children, fostering improved 
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global health outcomes.                
                

           II. LITERATURE SURVEY 

 

A growing body of research explores the application of 

machine learning algorithms for detection of malnutrition in 

children. These algorithms, including Convolutional Neural 

Networks (CNNs), Support Vector Machines (SVMs), and 

Deep Learning (DL) approaches, demonstrate promising 

capabilities in identifying malnutrition from various data 

sources. 

This literature survey explores the potential of image 

processing, a rapidly evolving field, for the non-invasive 

detection of malnutrition in young children. Machine learning 

algorithms, particularly Convolutional Neural Networks 

(CNNs), have demonstrated remarkable success in image 

analysis tasks. This section will review existing research on 

utilizing image processing for malnutrition detection, 

analyzing its strengths, limitations, and potential applications. 

 

Lakshminarayanan et al. 2021 This study, titled "Malnutrition 

detection using convolutional neural network," explored the 

use of CNNs to classify facial images of children into normal 

and malnourished categories. The authors achieved an 

accuracy of 84.21% using a CNN architecture with transfer 

learning. Their findings demonstrate the potential of CNNs for 

malnutrition detection, particularly in resource-limited settings 

where access to traditional anthropometric measurements 

might be limited [4]. 

 

Molla et al. 2023 This research, titled "Early detection of child 

malnutrition using deep learning techniques with facial image 

analysis," investigated the use of deep learning techniques for 

early detection of child malnutrition through facial image 

analysis.  Their study compared the performance of various 

deep learning models, including VGG16 and ResNet50, on a 

dataset of 1,200 facial images collected in Bangladesh. The 

models achieved an accuracy of over 90% in identifying 

malnutrition indicators in facial images.  These findings 

suggest that deep learning models can be effective tools for 

malnutrition detection, but further research is needed to 

optimize model performance and address limitations [7]. 

Rahman et al. (2022): This study, titled "Machine learning for 

detection of wasting and stunting in children under-five years 

of age," focused on detecting wasting and stunting, two forms 

of malnutrition, in children under 5 using machine learning 

approaches. The researchers employed Support Vector 

Machines (SVMs) and Random Forests (RF) to analyze 

anthropometric data and facial images from 300 children in 

Bangladesh. Their findings highlight the potential of machine 

learning for malnutrition detection, achieving an accuracy of 

over 80% for wasting and 75% for stunting. However, the 

study emphasizes the need for further research and 

development to improve accuracy and generalizability across 

diverse populations [8]. 

Nguyen et al. (2020): This research, titled "A deep learning 

approach for automatic detection of malnutrition in children 

using facial images," explored a deep learning approach for 

automatic detection of malnutrition in children using facial 

images. The authors investigated the use of a Convolutional 

Neural Network (CNN) architecture with transfer learning on 

a dataset of 1,243 facial images obtained from public health 

centers in Vietnam. Their model achieved an accuracy of 

83.3% in classifying children into malnourished and healthy 

categories. The study highlights the potential of image 

processing for malnutrition detection but acknowledges the 

need for larger and more diverse datasets to improve 

generalizability [9]. 

 

Uddin et al. (2022):  This study, titled "A novel deep learning 

framework for the detection of malnutrition in children using 

facial features," proposed a novel deep learning framework 

for the detection of malnutrition in children using facial 

features. The framework utilizes a hybrid CNN-LSTM 

architecture, combining the strengths of CNNs for feature 

extraction and Long Short-Term Memory (LSTM) networks 

for handling sequential data.  The model achieved an 

accuracy of 92.3% in classifying children into malnourished 

and healthy categories on a dataset of 500 facial images 

collected in India.  The study suggests that the hybrid CNN-

LSTM architecture might be a promising approach for 

malnutrition detection, but further validation on larger 

datasets is needed [10]. 

 

Santosh et al. (2022): This research, titled "Transfer learning 

based deep convolutional neural network for the 

classification of malnutrition in children," investigated the 

use of transfer learning with a Deep Convolutional Neural 

Network (DCNN) for classifying malnutrition in children. 

The authors utilized the VGG19 pre-trained model and 

achieved an accuracy of 94.2% on a dataset of 534 facial 

images obtained from hospitals in Brazil. Their study 

suggests that transfer learning with DCNNs can be a highly 

effective approach for malnutrition detection, particularly 

when dealing with limited datasets. 

 

Suk et al. (2020):  This study, titled "Deep learning with 

transfer learning for automated detection of malnutrition in 

children using facial images," explored the potential of deep 

learning with transfer learning for automated malnutrition 

detection in children.  The authors compared various pre-

trained models, including ResNet50 and InceptionV3, on a 

dataset of 1,370 facial images collected in Ethiopia. Their 

models achieved an accuracy of over 87% in classifying 

malnourished and healthy children. This study highlights the 

effectiveness of transfer learning for adapting pre-trained 

models to new datasets in resource-limited settings [11].  

Sabater et al. (2022): This research, titled "A deep learning 

framework for the detection of malnutrition in children using 

anthropometric measurements and facial images," proposed a 

deep learning framework that combines anthropometric 

measurements and facial images for malnutrition detection.  

The authors used a Convolutional Neural Network (CNN) for 

image analysis and achieved an accuracy of 89.5% in 

classifying malnutrition on a dataset of 280 children in Spain. 

Their findings suggest that combining anthropometric data 

with facial image analysis might improve the accuracy of 

malnutrition detection models [12]. 

 

Moniruzzaman et al. (2021): This research, titled "A novel 

deep learning approach for the detection of malnutrition in 

children using facial expression analysis," explored a novel 

deep learning approach for malnutrition detection based on 

facial expression analysis.  The authors employed a 

Convolutional Neural Network (CNN) to analyze facial 

expressions and achieved an accuracy of 86.7% in classifying 

malnourished and healthy children on a dataset of 1,000 facial 

images collected in Bangladesh. This study suggests that 

analyzing facial expressions alongside facial features might be 

a promising avenue for further research [13].  
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  III. STUDY AREA AND DATASET 
 
3.1 Study Area 

Madhya Pradesh, a state in the heart of India, is the subject of 

the study. Its capital and seat of government is Bhopal. It is 

the landlocked state in the heart of India, it borders the states 

of Uttar Pradesh to the northeast, Chhattisgarh to the 

southeast, Maharashtra to the south, Gujarat to the west, and 

Rajasthan to the northwest. Madhya Pradesh, the heart of 

India, is the country's second-largest state by area. Despite its 

vast agricultural resources, child malnutrition persists as a 

major challenge. According to the NITI Aayog 

Multidimensional Poverty Index 2021, 34.04% of Madhya 

Pradesh's population falls under the category of 

multidimensional poverty. This translates to a significant 

portion of the population lacking access to necessities like 

adequate nutrition. 

1. Geography 

Madhya Pradesh literally means "Central Province", and is in 

the geographic heart of India in between the latitude of 

21.6°N–26.30°N and longitude of 74°9'E–82°48'E. The state 

straddles the Narmada River, which runs east and west 

between the Vindhya and Satpura ranges; these ranges and the 

Narmada are the traditional boundaries between the north and 

south of India. The highest point in Madhya Pradesh is 

Dhupgarh, with an elevation of 1,350 m (4,429 ft). 

According to the 2011 figures, the recorded forest area of the 

state is 94,689 km2 (36,560 sq mi) constituting 30.7% of the 

geographical area of the state. It constitutes 12.3% of the 

forest area of India. Legally this area has been classified into 

"Reserved Forest" (65.3%), "Protected Forest" (32.8%) and 

"Unclassified Forest" (0.2%). Per capita forest area is 2,400 

m2 (0.59 acres) as against the national average of 700 m2 

(0.17 acres). The forest cover is less dense in the northern and 

western parts of the state, which contain the major urban 

centers. Variability in climatic and edaphic conditions brings 

about significant difference in the forest types of the state. In 

January 2019 1.5 million volunteers in the state planted 66 

million trees in 12 hours along the Narmada River. 

Madhya Pradesh experiences three primary seasons: Summer, 

Monsoon, and Winter. During the summer months (March to 

June), temperatures across the state typically exceed 34.6°C, 

reaching record highs. The eastern regions of Madhya 

Pradesh tend to be hotter than the western regions. Areas such 

as Gwalior, Morena, and Datia often see temperatures 

surpassing 42°C in May. The humidity is generally low, and 

mild dust storms are common. The southwest monsoon 

usually begins in mid-June, bringing most of the state's 

rainfall between June and September. 

2.  Socioeconomic Landscape 

The National Family Health Survey (NFHS-5) [2] paints a 

concerning picture: Stunting: 38.4% of children under 5 in 

Madhya Pradesh are stunted, indicating chronic malnutrition 

impacting their height development. 

Wasting: 10.4% of children under 5 are wasted, reflecting 

severe underweight for their height due to acute malnutrition. 

Micronutrient Deficiencies: Like Bangladesh, deficiencies in 

iron, Vitamin A, and other micronutrients are prevalent 

among children in Madhya Pradesh, further jeopardizing 

their health and growth. 

These statistics highlight the urgent need for effective 

solutions to address child malnutrition in Madhya Pradesh. 

 

3. Rationale for Choosing Madhya Pradesh 

The state's child malnutrition rates are among the highest in 

India, making it a crucial region to target interventions. 

Madhya Pradesh encompasses diverse geographical regions, 

socioeconomic backgrounds, and ethnicities, necessitating a 

model that performs well across various demographics. In 

many rural areas of Madhya Pradesh, access to traditional 

anthropometric measurement facilities and healthcare 

professionals might be limited. Image processing offers a 

potentially more accessible and scalable solution.  

 

4. Dataset for Image Processing 

This study proposes utilizing a dataset that combines facial 

image data and anthropometric data collected from children 

under 6 years old in Madhya Pradesh. 

Informed Consent: Prior to capturing facial images, informed 

consent will be obtained from parents or guardians, adhering 

to ethical guidelines. Trained healthcare professionals will 

capture standardized facial images in controlled lighting 

conditions. 

Image Resolution: High-resolution images (at least 3 

megapixels) will be targeted to ensure sufficient detail for 

analysis by image processing algorithms. 

Image Annotations: Facial landmark points (eyes, nose, 

mouth) will be manually marked on the images by trained 

personnel to facilitate feature extraction and analysis by the 

models. 

 

 
 

  Fig 2. Malnutrition in children in Madhya Pradesh NFHS-4. 

 

4.1 Dataset Considerations 

 

Sample Size: A large and diverse dataset is essential for 

training and validating the image processing models 

effectively. The study aims to collect data from a 

representative sample of children across various geographic 

locations, socioeconomic backgrounds, and ethnicities within 

Madhya Pradesh. 

 

Data Privacy: Strict ethical guidelines[19] will be followed to 

ensure informed consent, data anonymization, and secure 

storage of all collected data.  
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                                   IV. Methodology   

  

4.1 Technology 

This section outlines the methodology for utilizing image 

processing techniques, specifically Convolutional Neural 

Networks (CNNs), to detect malnutrition in children under 6 

years old.  

CNNs are a powerful subfield of deep learning inspired by the 

structure and function of the artificial neural networks [6]. 

They excel at extracting hierarchical features directly from 

raw image data, allowing them to learn complex patterns and 

achieve high accuracy in image recognition tasks. This makes 

CNNs particularly well-suited for analyzing imagery, a crucial 

data source for monitoring malnutrition.  

The convolutional layers apply filters to capture local patterns, 

allowing the network to understand spatial relationships. 

CNNs are designed to handle spatial information in images, 

making them more effective in recognizing patterns and 

features associated with malnutrition. Convolutional Layers 

act like filters, scanning the image and extracting local 

features like edges, textures, and shapes. Multiple 

convolutional layers with varying filter sizes can be stacked to 

capture features of increasing complexity. Trained healthcare 

professionals will capture images under controlled lighting 

conditions, adhering to a set protocol to ensure consistency. 

 Height, weight, and MUAC measurements will be collected 

by healthcare professionals following established procedures. 

 

4.2 Algorithm and libraries used 
Several Python libraries and frameworks are commonly used 

for image processing and deep learning tasks: 

TensorFlow or PyTorch[20]: These are popular deep learning 

frameworks that provide the building blocks for constructing 

and training CNN models. 

Keras: A high-level deep learning API built on top of 

TensorFlow or PyTorch, simplifying the process of building 

and training neural networks. 

OpenCV (Open-Source Computer Vision Library): This 

library offers various image processing functionalities like 

image manipulation, feature extraction, and facial landmark 

detection, which can be helpful for data preprocessing. 

Scikit-learn: This library provides tools for data preprocessing 

and evaluation metrics that can be used to assess the model's 

performance. 

      

  
         

Fig 4. Basic CNN architecture 

 

This study utilizes CNNs, adept at extracting features directly 

from images. This makes them ideal for analyzing facial 

images and identifying potential signs of malnutrition. The 

training process looks like the following : 

1. The CNN model will be trained on the preprocessed 

facial image dataset alongside corresponding 

anthropometric data (weight, height, MUAC) labeled 

as "normal" or "malnourished" based on established 

anthropometric criteria. 

2. During training, the model learns to associate specific 

features extracted from facial images with the 

corresponding nutritional status labels. 

3. Techniques like dropout regularization might be 

implemented to prevent overfitting and improve the 

model's ability to perform well on unseen data 

(generalizability). 

4. Evaluation: 

5. A separate validation dataset will be used to assess 

the model's performance on unseen data. 

6. Metrics like accuracy, precision, recall, and F1 score 

will be used to evaluate the model's ability to 

correctly classify children as malnourished or normal. 

 

                                 V. RESULT 

Researchers have tackled malnutrition detection with a 

multifaceted approach, employing a wide range of techniques. 

In this research, we evaluated various parameters such as 

accuracy, precision, f1 score. We employed a classification 

model as malnutrition detection is a classification problem. It 

leverages convolutional neural networks, a powerful approach 

for analyzing visual data. 

Accuracy is the performance measurement for classification 

problems at various threshold settings. It represents the 

probability that a randomly selected positive sample will be 

ranked higher than a randomly selected negative. 

Our image processing approach for malnutrition detection in 

children under 6 utilizes a Convolutional Neural Network 

(CNN) architecture. To expedite the training process and 

leverage the power of pre-trained models, we employ transfer 

learning. 

A pre-trained ResNet-50 model will be imported from the 

Keras applications library. ResNet-50 is a well-established 

deep learning model known for its effectiveness in image 

classification tasks. By leveraging transfer learning, we can 

benefit from the extensive training ResNet-50 has already 

undergone on a massive image dataset. This pre-trained model 

serves as a strong foundation for our specific task of 

malnutrition detection. The dataset will be divided into 

epochs, which represent training iterations. The optimal 

number of epochs will be determined through experimentation 

to achieve the best balance between model performance and 

training time. Each epoch will process a specific number of 

data points (e.g., 1012) containing facial images of children 

under 6. 

The convolutional layers within the pre-trained ResNet-50 

model will be fine-tuned for our task. These layers are adept at 

extracting relevant features from the facial images, such as 

shapes, textures, and potentially subtle indicators of 

malnutrition. Global Average Pooling (GAP) will be 

employed as a dimensionality reduction technique, 

summarizing the extracted features spatially. Fully connected 

layers will be added on top of the pre-trained model. These 

layers will learn complex, non-linear relationships between 

the extracted features and the corresponding nutritional status 

labels (normal or malnourished). The final fully connected 

layer will have a single neuron with a sigmoid activation 

function, producing a probability score between 0 and 1, 

indicating the likelihood of malnutrition for each input image. 
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VI. CONCLUSION 

 

Image processing, especially using Convolutional Neural 

Networks (CNNs), shows promise for detecting malnutrition 

in young children. CNNs can analyze facial features that 

might indicate malnutrition. However, for this approach to be 

truly effective, a high-quality and diverse dataset is needed to 

train the models. Ethical considerations around data collection 

and potential biases need to be addressed as well. Researchers 

also need to explore how well these models work across 

different populations. Looking ahead, integrating this 

technology with mobile health tools and combining it with 

other data sources like dietary intake could provide a more 

complete picture of a child's nutritional health. Continued 

research is essential to improve the accuracy and reliability of 

these models. By overcoming these challenges, image 

processing has the potential to become a valuable tool in the 

fight against childhood malnutrition. 
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