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Abstract- While I was conducting workshops on menstrual health for economically disadvantaged girls studying in 

municipal schools, I noticed something interesting. Almost all of them had dark circles under their eyes which is a 

strong indicator of iron deficiency anaemia often caused by loss of blood during periods. They were also stunted and 

most of them were very frail and their palms were pale. Additionally, they looked weak and were always tired. When 

I asked them if they knew about anaemia, they were completely unaware. 

Iron deficiency anaemia is the most common form of anaemia and a widespread problem. It is critical to 

identify people, especially children and women, who are anaemic since lack of treatment of anaemia can lead to 

health issues such as psychological underdevelopment and social withdrawal in young children. Additionally, 

anaemia in pregnant women could also affect foetus development. Although the ideal way to diagnose anemia is by 

doing a blood test, it is not the most viable solution in a developing country like India. The resources required to test 

every person would be very significant. The infrastructure is not adequate in many rural and remote parts of the 

country. There is a need for a low cost and accessible solution that could be used as a precursor to a blood test that 

could indicate with a high degree of certainty of someone being anaemic followed by a blood test only wherever 

required. 

By leveraging technologies that are widespread and easily accessible, such as smartphones, one can develop 

cheap and user-friendly solutions to solve this global problem on the required scale. Growth Gauge is a project that 

predicts the probability of someone suffering from anaemia using image recognition and machine learning 

algorithms. Simply put, given a picture of one’s eyes, it will predict whether the subject has iron deficiency. The 

technology makes it easier to identify such a widespread problem and can easily reach places where access to good 

quality medical facilities is limited. It can be further used to generate sufficient data to serve as an input into large 

scale government health programs, such as The National Nutritional Anaemia Prophylaxis Program in India, to 

target areas and regions where the problem is acute and thus increase its effectiveness and utilisation. 

Keywords: Machine Learning, Image Processing, Biomedical Image Processing, Anaemia, Malnourishment, Iron 

Deficiency, Growth Gauge, Detection 
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I. INTRODUCTION 

 

The World Health Organisation defines iron 

deficiency anaemia as a condition in which the 

number of red blood cells or the haemoglobin 

concentration within them is lower than normal. 

Haemoglobin, present in the red blood cells of our 

blood stream, is our body's oxygen carrier. A 

deficiency of this in turn results in a decreased 

capacity of the body’s blood to carry oxygen to the 

tissues. While there are several causes of anaemia 

including deficiencies of folate, vitamin B12 and 

vitamin A, it is most commonly caused due to 

inadequate concentrations of iron in the blood 

.  

 

 
 

 
[Fig: 1]:Haemoglobin Levels to Diagnose Anaemia at 

Sea Level 

 

Pregnant women and children are especially 

vulnerable, with an increased risk of maternal and 

child mortality. During pregnancy, the amount of 

blood in a woman’s body increases. Hence, getting 

iron in small amounts not only increases her risk of 

being anaemic but may also cause low-fetal birth 

weight, premature birth, and in severe cases retarded 

cognitive development. In young children, anaemia 

can lead to psychological  

underdevelopment and social withdrawal with an 

overall decreased ability to pay attention and be 

productive. Loss of blood during menstrual cycles 

also increases the risk of anaemia in young 

menstruating girls. Anaemia can cause a range of 

physical symptoms such as fatigue, weakness, 

dizziness and drowsiness. Pale palms and soles, white 

fingernails and discoloured palpebral conjunctivae are 

also tell-tale signs of this nutritional deficiency. 

 

The amount of iron every individual needs 

differs based on several parameters including sex, age 

and pregnancy status. Dietary specifications can also 

impact how much iron content is required by the 

body. For example, vegetarians need almost twice as 

much iron as an average non-vegetarian due to the 

absence of poultry and sea-food in their diet. This is 

because the body doesn’t absorb nonheme iron in 

plant foods as well as it absorbs heme iron in animal 

foods. Some iron rich foods include Lean meat, 

seafood, and poultry, Iron- fortified breakfast cereals, 

breads, white beans, lentils, spinach, kidney beans, 

peas, nuts, jaggery and raisins. The body also tends to 

absorb iron better when eaten with poultry, sea-food 

and citrus fruits such as strawberries and grapefruit 

that are rich in vitamin C.  

 

 
[Fig: 2]: Recommended Iron  

Amounts for Different Ages 

 

Anaemia is an indicator of both poor 

nutrition and poor health. It is problematic on its own, 

but it can also impact other global nutritional concerns 

such as stunting and wasting, low birth weight and 

childhood overweight and obesity due to lack of 

energy to exercise. School performance in children 

and reduced work productivity in adults due to 

anaemia can have further social and economic 

impacts for the individual and family.  The World 

Health Organisation estimates that 42% of children 

under the age of 5, 40% of pregnant women and 33% 

of all women of reproductive age worldwide are 

anaemic.  
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[Fig: 3]: Prevalence of Anaemia in Women of 

Reproductive Age 

 

 
[Fig: 4]: Prevalence of Anaemia in Children Aged 6-

59 Months 

 

It is important to come up with an effective 

intervention to solve such a wide-spread problem. 

One of the ways that we can achieve this is as shown 

in the flowchart below. 

 

 
[Fig: 5]: Proposed Intervention to Combat Anaemia 

 

1. Prevention: This combating intervention is to 

prevent people from getting anaemic and stay healthy 

into adulthood. Many scientific studies all over the 

world have shown that there are many low cost and 

low effort yet highly effective techniques to enhance 

the nutritional value of food. Techniques like 

fermentation and sprouting of lentils and pulses help 

yield better nutritional value in food. Using locally 

procured products turn out to be cheaper and have a 

similar or in most cases higher nutritional value. 

Using back to basics habits of choosing foods that are 

genetically suitable for us also helps yield better 

nutritional value. Covering the food while cooking 

retains its nutritional value. Vegetables and fruits 

should be washed before peeling or cutting them and 

reheating should be avoided. Junk food that is 

extremely low in nutritional value should also be 

substituted with healthy yet tasty food. The primary 

ways to avoid anaemia are: 

 

a) Education: In the present times, smartphones have 

highly penetrated the population and is something that 

is owned by at least one member per family. This 

could be used very effectively to educate people about 

the need for healthy eating and ways to achieve it 

cost-effectively. Weekly videos on diverse topics 

related to nutritional food can be pushed on 

smartphones. This can also be used to promote the 

existing government schemes. We will observe 2 

patterns of people. No further intervention is required 

for people that can afford nutrient-rich food. They 

will understand the criticality of healthy eating and 

adopt it. For people that cannot afford nutrient-rich 

food, government support may be required. 

● Using country specific infrastructure 

(such as the JAM or Jan Dhan Aadhar and 

Mobile in India), the government can do a 

direct transfer of subsidy to the recipient 

directly specifically for purchasing high-

quality food and supplements. However, 

there is a potential for misuse of the 

money and it is used to make other 

purchases. This can be addressed by 

creating a mobile wallet where the 

subsidy is transferred. The balance from 

this wallet can only be used to purchase 

prescribed foods at specific vendors 

appointed by the government. The only 

limitation in this is that such a system 

would require smartphones unless an 

Aadhaar linked fingerprint-based 

payment is used. 

● Another way to reduce and prevent 

anaemia among such people could be 

through a direct supply of subsidy in kind 

by the government. However, this comes 
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with its own challenges such as leakage, 

degradation in the quality over time, 

supply chain management etc. Such a 

system is better suited for urban areas 

which have better transportation and 

communication systems. 

● The most practical way of reducing 

anaemia is to bring about subtle changes 

in the already existing government 

schemes that are effective and extend to 

remote places. This would always be the 

most scalable method. 

 

b) Hygiene: Lack of hygienic conditions in 

schools and neighbourhoods results in frequent 

contraction of food and water-borne diseases such 

as diarrhoea and cholera. Due to this, the children 

are unable to retain and digest the food. They also 

end up missing school. Hygiene should be ensured 

to prevent anaemia. This can be done by providing 

safe drinking water and access to clean, 

disinfected toilets by the government. Access to 

medical facilities should be taken care of by the 

government and deworming for children and 

adults every six months should be undertaken. 

Clean habits like a proper hand wash before and 

after every meal, bathing using clean soaps and 

towels etc. should also be enforced.   

 

2. Detection: It is critical to identify people, 

especially children and women, who are anaemic 

and require attention. One way to do this effectively 

is to create an application that runs on a handheld 

device that enables the detection and diagnosis of 

anaemia. This can be provided to the Anganwadi 

workers and the medical staff in the village clinics.  

 

 
[Fig: 6]: Anatomy of the Conjunctiva 

 

 
[Fig: 7]: Anaemic vs Non-Anaemic Eye 

 

The proposed method to diagnose anaemia 

is by using the colour of the palpebral conjunctiva. 

The palpebral or tarsal conjunctiva is the portion that 

covers in the inner surface of both the upper and 

lower eyelids. Conjunctival pallor is the unhealthy 

pale or yellowish appearance of the palpebral 

conjunctiva which is a strong indicative of anaemia. 

By clicking a picture of the palpebral conjunctiva, 

there is recognition software that evaluates the 

colour and consistency and evaluates the probability 

of that person suffering from anaemia. The app also 

has a feature where it provides a custom report to the 

user with its diagnosis and recommendations to 

improve or maintain iron concentrations in the 

blood.  

 

For those people that the application 

determines are at risk, further medical tests could be 

carried out to confirm the diagnosis followed by 

required intervention. This would be a low-cost way 

of detection rather than have every individual go 

through medical tests that may not be required. 

Additionally, if a unique national id (such as the 

Aadhaar number in India) of these people is captured 

along with their other information, progress over a 

period of time can be charted. Once they are cured, 

they can then be put on the “Prevention” track as 

outlined above.  

In this paper, we will be discussing a 

solution using image processing and machine 

learning running on a common smartphone to 

provide an inexpensive and yet highly effective way 

to detect anaemia. The solution can also be offline 

and so an internet connection can also be optional. 
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II. LITERATURE REVIEW 

 

Shaun Collings, Oliver Thompson, Evan Hirst, 

Louise Goossens, Anup George, and Robert 

Weinkove [1] aimed to detect anaemia by 

quantifying conjunctival pallor using digital 

photographs taken with a consumer camera and a 

popular smartphone. The conjunctivae of haemato-

oncology in- and outpatients were photographed in 

ambient lighting using a digital camera (Panasonic 

DMC-LX5), and the internal rear-facing camera of a 

smartphone (Apple iPhone 5S) alongside an in-frame 

calibration card. Following image calibration, the 

conjunctival erythema index (EI) was calculated and 

correlated with laboratory-measured haemoglobin 

concentration. Three clinicians independently 

evaluated each image for conjunctival pallor. The 

concluded that the Erythema index of the palpebral 

conjunctiva calculated from images taken with a 

compact camera or mobile phone correlates with the 

haemoglobin and compares favourably to clinician 

assessment for prediction of anaemia. 

 

Azwad Tamir, Chowdhury S. Jahan, Mohammad 

S. Saif, Sums U. Zaman, Md. Mazharul Islam, Asir 

Intisar Khan, Shaikh Anowarul Fattah, Celia 

Shahnaz [2] designed a mechanism for the automated 

detection of anemia through non-invasive visual 

method. Their process involved the detection of 

anemia by analyzing the anterior conjunctival pallor 

of the eye. It operated by quantifying the conjunctival 

color from digital photographs of the eye taken with a 

smartphone camera of appropriate resolution under 

adequate lighting conditions with the help of an 

android application that we have devised. Those 

images were then processed to obtain the red and 

green component spectra of the conjunctiva color and 

compared against a threshold to determine whether 

the patient is anemic or not. Their study was aimed 

towards the automation of healthcare facilities in 

underdeveloped parts of the world lacking proper 

healthcare facilities like hospitals and healthcare 

centers.  

Robert G. Mannino, David R. Myers, Erika A. 

Tyburski, Christina Caruso, Jeanne Boudreaux, 

Traci Leong, G. D. Clifford and Wilbur A. Lam [3] 

developed an app that estimates hemoglobin levels by 

analyzingcolor and metadata of fingernail bed 

smartphone photos and detects anemia (hemoglobin 

levels <12.5 g dL−1) with an accuracy of ±2.4 g dL−1 

and a sensitivity of 97% (95% CI, 89–100%) when 

compared with CBC hemoglobin levels (n = 100 

subjects), indicating its viability to serve as a non-

invasive anemia screening tool. Moreover, with 

personalized calibration, their system achieves an 

accuracy of ±0.92 g dL−1 of CBC hemoglobin levels 

(n = 16), empowering chronic anemia patients to 

serially monitor their hemoglobin levels 

instantaneously and remotely. It is a paradigm of 

completely non-invasive, on-demand diagnostics that 

may replace common blood-based laboratory tests.  

 

Attia Irum, Sara AyubSaima Waseem M. Usman 

Akram, M. Junaid Khan [4] proposed to develop a  

non-invasive technique to detect anaemia using image 

processing and pattern recognition. It would detect 

anaemia using a digital photograph of the exposed 

conjunctiva as anemia can be identified by 

conjunctiva pallor. The eye region is detected using 

Viola and Jones’ object detection algorithm and the 

method then enhances the contrast of image in the 

preprocessing step. The conjunctiva segmentation is 

performed by using K-means clustering. Color based 

feature vectors are then computed and by using these 

feature sets, SVM classifier is applied to distinguish 

between anaemic and non-anaemic images. 

 

III. WORKING PRINCIPLE 

 

 
[Fig: 8]: General Block Diagram 

 

A OpenCV Python based algorithm was 

designed to capture jpg format images from every 

individual video by converting the video to frames. 

However, it was only able to provide 25 images on an 

average from each video due to corruption of the file 

or unusability owing to the clarity or contents of the 

image captured.  
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[Fig: 9]: Sample Dataset Specifications 

 

The algorithm detected left and right eye 

images separately and saved it in different folders. 

From there, the images were checked for anaemia by 

a registered doctor and based on his diagnosis were 

further sorted into two directories, namely Anaemic 

and Non-Anaemic. The images were set to be saved 

as img_key_serial number with extension of .jpg 

where 1 represented anaemic images and 2 

represented non-anaemic images. For example, 

img_1_35.jpg would be the 35th image of the dataset 

belonging to the anaemic directory. Each image had a 

height and width of 224 pixels and a horizontal and 

vertical resolution of 96 dpi. The bit depth of the 

images was 24.  

 

After generation of the dataset, it was used 

for training the machine learning model based on the 

following the processes:  

● Deletion of  Any Corrupted Files: Corrupted 

files from the dataset were removed to 

prevent model accuracy or validation losses 

and EOL error.  

● Generation of the Dataset: After removing 

corrupted files, the remaining files were 

shaped up to the required size [1 x 180 x 180 

x 3] 

● Categorial Visualisation of Dataset: Shows 

data from different categories to validate the 

anaemic and non-anaemic categories. 

● Data Augmentation: Rotating, scaling, 

clipping and tilting of images to provide 

maximum use cases for input user data for 

validation. 

● Data Standardisation: Ensures that data 

provided is feasible to train the given model. 

● Machine Learning Model Building: Built a 

sequential model with 7 layers.  

● Training and Saving the Model: Trained the 

model with a total of 400 epochs and saved 

with a .h5 extension.  

 

After building and training the machine 

learning model, the trained model was loaded and 

tested with a python algorithm. The results obtained 

from the testing were used to create a .json file, a 

graph and an eye still from the video was generated. 

Further, these were used to generate a customised 

report for the user.  

 

 
 

[Fig: 10]: Sample Report 
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[Fig: 11]: Sample Eye Image Captured 

 

IV. TECHNOLOGY 

 

 
[Fig: 12]: Detailed Block Diagram 

Process 1: Generation of Dataset 

Due to the unavailability of both a pre-made 

dataset of anaemic and non-anaemic images of the 

palpebral conjunctiva and substantial pictures of this  

on the internet, there was a need to create a custom 

dataset. Live videos of patients affected by anaemia 

and those who were not were obtained from a doctor. 

These videos consisted of patients stretching their 

eyes to expose the colour of their palpebral 

conjunctiva and gently moving their faces from one 

side to the other to obtain images from different 

angles and light conditions. Each video was 20 

seconds long on average. 

 

An OpenCV Python based algorithm was 

designed to capture 60 images  in total, 30 from the 

left eye and 30 from the right eye by converting the 

video to frames. The algorithm first detected the 

entire face which was then reduced to just the eye 

region. Further, the algorithm is designed to 

distinguish between the right and the left eye. Then, 

the images are saved in separate folders for right and 

left eye with a .jpg extension. When the algorithm is 

run, a pop up box shows the user what the system is 

capturing- the face as well as both the eyes separately 

as regions of interest. 

 

 
[Fig: 13]: Pop-Up Boxes that Show Regions of 

Interest 

 

A total of 275 images were obtained after 

discarding any corrupted files or images with 

unusable content or clarity. These images were then 

shown to a registered doctor upon whose diagnosis, 

they were filtered into two directories- namely 
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anaemic and non-anaemic. Out of these, 175 images 

belonged to the anaemic directory and the remaining 

100 images belonged to the non-anaemic category. 

 

Process 2: Machine Learning 

From the dataset of 275 images that were 

created during the dataset generation phase, there was 

a need to remove any corrupted files that would cause 

loss of model accuracy and validation and return EOL 

errors. Since the model had to be tested on image files 

only with extensions of .jpg, .png or .jpeg any files 

that did not follow that format were detected using the 

“JFIF” format and removed.   

 

Dataset generation entails shaping up of the 

dataset to follow specific formatting. Each image had 

a height and width of 224 pixels and a horizontal and 

vertical resolution of 96 dpi. The bit depth of the 

images was 24. Further, the newly generated dataset 

was split into a 80:20 ratio for training and testing 

respectively. 274 files were found belonging to the 

anaemic and non anaemic categories after removing 

corrupted files. Out of these, 220 were used for 

training and the remaining 54 were used for testing.  

 

 
[Fig: 13]: Training and Testing Split of Dataset 

 

 Categorial visualisation of data was done to 

randomly test the data to ensure that it belongs to the 

correct category and confirm the existence of both the 

categories: anaemia and non-anaemic. It also ensures 

that there is data in both the categories.  Anaemic 

images appear with a 0 and non-anaemic images 

appear with a 1. 

 

 
[Fig: 14]: Categorial Visualisation of Data 

 

 Data augmentation was done by rotating, 

scaling, clipping and tilting of images to provide 

maximum use cases for input user data for 

validation.This needed to be done because of the 

limited data set thereby allowing us to expand it by 

generating 9 augmented images from each image in 

the dataset.  

 

 
[Fig: 15]: Augmented Images from Left: Original, 

Flipped, Rotated Right by 10 degrees. 

 

 During data standardisation it was ensured 

that data provided is feasible to train the given model. 

 

 Following this, a sequential model was built 

using 7 layers of 32, 64, 128, 256, 512, 728 and 1024 

nodes. First the image was convoluted followed by 

batch normalization and then activation. The output 

was produced with 2 nodes: anaemic belonging to 

class 0 and non-anaemic belonging to class 1.  

 

 
[Fig: 16]: CNN Model 
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 The model was then trained for 400 epochs. 

At the end of the training we achieved 100% model 

accuracy. Losses were 0.0011, accuracy was 1.0000, 

value of losses were 5.8085 and value of accuracy 

0.703. The trained model was then saved in a file with 

a .h5 extension.  

 

 

 

 
[Fig: 17 ]: Model Training and Accuracy 

 

Process 3: Model Testing 

Model testing was done using an OpenCV 

Python based algorithm. The trained model was 

loaded. Then a haar cascade model was used to detect 

frontal face and eyes. The images of the eyes were 

passed for prediction to the trained model which then 

classified the images into two indexes: 0 for anaemia 

and 1 for non-anaemic. The model also returns the 

confidence value for specific detections which 

indicates how confident the model is in the returned 

prediction. 

 

 
[Fig: 18]: Sample Graph 

 

Once the results for a specific image were 

procured a graph was generated. The x-axis was 

represented by time and the y-axis was represented by 

the confidence of the model. It was done using the 

matplotlib library in Python. Any values on the graph 

above the 0 value indicates that the image was found 

to be anaemic and any value below the 0 value 

indicates that the image was found to be non-anaemic. 

Using this graph and an eye image captured by the 

model during testing, a report including basic user 

details, the result and  recommendations was 

generated as shown in [Fig: 10]. 

 

V. FUTURE SCOPE 

 

Malnutrition is a condition that results from the 

absence of essential nutrients in one’s diet. It is one of 

the biggest social issues faced by people in a large 

part of the world including India. The most prominent 

causes of malnutrition are either lack of affordability 

or lack of knowledge about food rich in nutritional 

content. This leads to various vitamin and mineral 

deficiency diseases.  Marasmus and Kwashiorkor, 

which are most prevalent among growing children 

below the age of  5, ultimately lead to their early 

death. Likewise, lack of nutrition in pregnant women 

causes a decrease in immunity and higher risks of 

poor pregnancy outcomes. According to FAO  

estimates, nearly 200 million (15%) people are 

undernourished in India.  

 

Globally, approximately 149 million 

children under-5 suffer from stunting. In 2018, over 

49 million children under-5 were wasted and nearly 

17 million were severely wasted.  It is estimated that 

by 2050, 25 million more children than today will be 

malnourished. India alone is home to 46.6 million 

stunted children, a third of the world’s total as per 

Global Nutrition Report 2018. Nearly half of all 

under-5 child mortality in India is attributable to 

undernutrition.  In the 2018 Global Hunger Index, 

India ranked 103rd out of 119 qualifying countries. 

With a score of 31.1, India suffers from a level of 

hunger that is serious. This data suggests that 

malnutrition is an extremely significant issue that 

must be immediately tackled on a war footing. 

 

 
[Fig:19 ]: Future Scope of the Project 
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 Just like anaemia can be diagnosed by the 

discolouration of the palpebral conjunctiva, other 

forms of malnourishment also have tell-tale physical 

symptoms. For example, Kwashiorkor is characterised 

by an obvious “pot belly” or an enlarged stomach 

while those suffering from Rickets have bow-

leggedness. A similar machine learning model could 

be built and trained to recognise these physical 

symptoms. Furthermore, the following features could 

be added to increase the scope and usability of this 

project: 

● Multilingual text: To allow people in 

different parts of the country to use this 

application with instructions in the local 

language. 

● Personalised and region specific dietary 

recommendations: To promote locally 

sourced diets and curb region specific 

deficiencies. For example, people living in 

the mountainous regions, who tend to be 

iodine deficient will be encouraged to 

consume readily available iodised salt.  

● Numerical data: In case the user is unable to 

upload images due to technological barriers, 

the app can accept numerical data such as 

height and weight to determine the user's 

body mass index. 

● Upload test results: If the image data given is 

inconclusive or not convincing enough, 

blood or urine test results can be uploaded 

and the algorithm can be trained to recognise 

patterns or severity of malnourishment based 

on the numbers.  

● Professional medical intervention: In the 

case that a user’s malnourishment report 

comes back to be severe, a doctor can be 

automatically contacted by the system to 

professionally intervene in the matter. 

 

The data collected from the usage of the 

application could be further utilised to improve the 

effectiveness of the delivery and administration of the 

government health programs as well as it be 

customised to suit the regional and local needs. The 

contents of the government sponsored free meals 

could be altered to address the specific needs of the 

population of a particular area. This will result in 

better use of the resources as funds would be utilised 

on providing for those nutrients which are actually 

required by the populations of a specific location as 

opposed to a general meal plan. It will also help with 

the introduction of new schemes and potentially 

ensure that the existing ones are being followed. It 

will serve as a check on those implementing the 

schemes and also serve as a feedback loop for the 

government on whether the programs are having the 

desired effect. 

 

VI. CONCLUSION 

 

As demonstrated, anaemia can be detected 

using conjunctival pallor or the unhealthy pale or 

yellowish appearance of the palpebral conjunctiva. 

The user will be able to click a picture of their 

palpebral conjunctiva, following which a recognition 

software will evaluates the colour and consistency 

and provide a diagnosis on the probability of that 

person suffering from anaemia.The app will also 

have a feature where it provides a custom report to 

the user with its diagnosis and recommendations to 

improve or maintain iron concentrations in the blood. 

This software will act as a low cost and accessible 

solution that could be used as a precursor to a blood 

test that could indicate with a high degree of certainty 

of someone being anaemic followed by a blood test 

only wherever required. Although the ideal way to 

diagnose anemia is by doing a blood test, it is not the 

most viable solution in a developing country like 

India. The resources required to test every person 

would be very significant. The infrastructure is not 

adequate in many rural and remote parts of the 

country. 

 

This idea and design could in the future also 

be implemented to detect other forms of 

malnourishment that have distinct physical 

symptoms, as indicated above. The application could 

also be enhanced by including additional features 

such as multilingual text, personalised and region 

specific dietary recommendations, numerical data 

and test result data acceptance  and professional 

medical intervention to those who require it.  It can 

also be useful in providing the government with real-

time data that can be used to improve the quality and 

reach of the various meal schemes and existing 

supplementation programs. 
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