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Abstract— The problem that we tried to solve was creating a 

system designed for young parents to provide information 

and assistance during the raising a newborn. Overcoming 

the obstacles and responsibilities of parenting is especially 

difficult for first-born parents. The large number of 

different often-contradictory information received from the 

environment, as well as the lack of adequate answers to 

many questions, is a constant problem. The amount of 

information available on the web can put an additional 

burden on parents. Currently available applications, as well 

as web portals, provide a wealth of information in textual 

form, which leads parents to read loads of text that very 

often makes no meaningful point. The available applications 

and web portals do not offer any interactivity that would 

allow parents to have a retrospective of the meal, the 

examinations performed, nor the ability to monitor the 

development of the infant and get suggestions from the 

system based on a review of all available infant parameters. 

The system proposal includes applications for monitoring 

the development of a child from birth onwards. The benefits 

of such a system are the ability to input relevant data from 

parents. Based on these data, system can analyze and inform 

parents when it is time for a meal, how many meals a baby 

should have, to suggest introducing a certain type of food 

based on what has already been introduced, to monitor 

child development, completed and future vaccination as well 

as exercises for proper development. 

I. INTRODUCTION 

The use of information and communication 
technologies and the Internet has made a large amount of 
information available quickly. As the use of information 
and communication technologies is close to young people, 
it is very common for young parents to seek advice or 
information first by searching the web or installing 
applications that are expected to provide adequate support 
by description. A large number of portals, blogs, and 
forums offer a large amount of information, both verified 
and unverified. These portals provide information of 
importance for pregnant women, parents of infants and 
young children. Application and portal data are provided 
in the language of the area to which they are intended. 

With regard to portals in the Serbian language, there are 
a number of publicly available portals for young parents. 
On the other hand, there are almost no Serbian-language 

applications for parents of infants and young children. 
Due to lack of adequate IT support, parents are forced to 
use applications in foreign languages. 

Available web portals and applications in the Serbian 
language whose primary purpose is to provide young 
parents with adequate information regarding the nutrition, 
weaning and upbringing of their infants, are based largely 
on providing as much information as possible, from 
pediatricians, nutritionists and other parents' experiences. 
It is almost impossible to find a web portal or application 
in the Serbian language that enables the monitoring of the 
child's development by logging relevant information by 
the parents.  

The aim of the research is to create a proposal for the 
application in the Serbian language, which in addition to 
the availability of information will be characterized by 
interactivity with regard to logging data on the infant, 
monitoring its development and giving advice in the field 
of development and nutrition. The future creation of the 
application offers parents a system that will allow them to 
chronologically view the child's development, the number 
and amount of milk meals, introduced solids, give 
suggestions for introducing new solids belonging to the 
same group as introduced ones, or introducing solids from 
a new group. The application will collect data from the 
environment sensor, and make a prediction based on the 
obtained data. 

The paper is organized as fallows. The second section 
gives an overview of some similar scientific researches. 
The third section gives an overview of existing 
applications, web portals and research in this area. The 
fourth section describes the software solution proposal. 
The fifth section summarizes the main conclusions and 
ideas for further research.  

II. RELATED WORK 

Internet websites and smartphone apps have become a 
popular resource to guide parents in their children’s 
feeding and weaning. In one of the study’s authors do the 
systematic analysis on the information availability about 
infant feeding on websites and smartphone apps [1]. The 
availability of information was monitored through 
websites and applications available in the Australian 
territory. A total of 600 websites and 2884 applications 
were screened, and 44 websites and 46 applications met 
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the selection criteria and were analyzed. Most of the 
websites (26/44) and applications (43/46) were 
noncommercial, some websites (10/44) and 1 application 
were commercial and there were 8 government websites. 
Two of all applications had university endorsement. The 
majority of the websites and applications were rated poor 
quality. There were two websites that had 100% coverage 
of information compared to those rated as fair or poor that 
had low coverage. The quality of information on websites 
and within applications has been evaluated on the basis of 
recommendations made by Australian government’s 
National Health and Medical Research Council. This 
national Australian body has published a manual called 
Infant Feeding Guidelines: Information for Health 
Workers.  

Similar research was conducted with the applications 
available in the Chinese language. Authors searched for 
free-to-download Chinese infant feeding applications in 
the iTunes and Android App Stores. They conducted a 
comprehensive assessment of the accountability, scientific 
basis, accuracy of information relevant to infant feeding, 
advertising policy, functionality and carried out a 
preliminary screening of infant formula advertisements in 
the applications. A total of 4925 applications were 
screened, and 26 applications that met the selection 
criteria were evaluated. All 26 applications were 
developed by commercial entities, and the majority of 
them were rated poorly. The highest total score was 62.2 
(out of approximately 100) and the lowest was 16.7. In the 
four quality domains assessed, none of them fulfilled all 
the accountability criteria [2]. Three out of 26 applications 
provided information covering the three practices from the 
World Health Organization’s infant feeding 
recommendations. Only one application described its 
advertising policy in its terms of usage. 

In one of the researches, authors developed a free-to-
download mobile application for smartphones, and 
website version for non-app users [3]. Following a review 
of the literature on infant feeding problems, authors had an 
idea to offer education on the most prevalent feeding 
difficulties. At the same time the application was 
supposed to be interactive, tangible tool and tips to 
implement suggested strategies, and assessment tools to 
monitor problem severity and parent/child subjective 
wellbeing. The quality of service provided by the 
application was provided by moms. Feedback confirmed 
that feeding problems were common, guidance was 
inadequate, and that this resource was viewed as 
extremely helpful, novel, and contained a depth of 
information beyond anything previously seen. 
Importantly, mothers welcomed the possibility of using a 
mobile app to access feeding-related guidance.   

In research presented in [4] authors conclude that the 
use of applications was common among the pregnant 
women, with 100% having previously downloaded an 
application on their phone either free or paid. About 60% 
had used an application for health purposes. Research has 
shown that most of respondents are interested to use an 
application which promoting healthy infant feeding 
practices. Of the total number of respondents, 30% 
showed extremely likely, and 53% very likely. Women 
with university or other tertiary level of education were 
more likely to use an app for promoting healthy infant 
feeding practices than those with other levels of education. 
In this research, multiple logistic regression analyses were 

conducted to examine factors associated with application 
usage by participants. 

Authors in [5] proposed an infant monitoring system to 
reduce the potential risks for sudden infant death 
syndrome (SIDS). This system can be used for infants at 
home or in a hospital nursery room. The system consists 
of carbon dioxide sensors and active radio frequency 
identification (RFID) technology. A commercial metal-
oxide based CO2 sensor was chosen and characterized in 
sensitivity, selectivity and humidity dependence. A proof-
of-concept system, to be used for two infants in the same 
room, was designed and assembled. The RFID 
transmission was accomplished with a wireless module at 
two different operating frequencies. The system  provides 
advantages such as lower costs, non-invasive sensing 
mechanism, and away-from-the-infant wireless 
transmission. 

The design of a GSM-based smart baby monitor system 
designed and described in [6] aims to provide better care 
for children. Based on research results this system 
observes important parameters such as body temperature, 
humidity status, pulse rate, movement of an infant, and 
with the use of GSM network this information is 
transferred to their parents. Parameter details can be sent 
to the parents with alarm so any action can be taken. The 
system design consists of sensors for observing important 
factors, LCD display, GSM interface and sound alarm all 
controlled by one microcontroller. 

Baby Monitoring System designed in Middle East 
Technical University and described in [7] has some 
properties such as observing the baby’s heart rate, 
measuring the baby’s temperature and notifying the 
parents if a fever occurs and provides sleep cycle 
detection for detecting sleeping illnesses or showing 
current sleeping stage.   

Authors in [8] propose a smart infant monitoring 
system that allow parents to observe their babies and 
communicate with them. The proposed smart infant 
monitoring system designed and implemented by using 
Raspberry Pi microcontroller module and some connected 
sensors and devices. Proposed monitoring system was 
compared with similar systems. This system in 
comparison with the earlier ones can support seven 
different features on one system and all of the required 
properties. Nevertheless, one of the shortcomings noted by 
the authors is the fact that proposed system does not 
support the heartbeat-measuring feature. Moreover, the 
system can send notifications to the parents in some 
abnormal cases such as high temperature and baby crying. 

Internet of Things-based Baby Monitoring System 
(IoT-BBMS) is proposed as an efficient and low-cost IoT-
based system for monitoring in real time [9]. Authors in 
this research also proposed a new algorithm for system 
that plays a key role in providing better baby care while 
parents are away. In the designed system, Node Micro-
Controller Unit (NodeMCU) Controller Board is exploited 
to gather the data read by the sensors and uploaded via 
Wi-Fi to the AdaFruit MQTT server. The proposed 
system exploits sensors to monitor the baby's vital 
parameters, such as ambient temperature, moisture, and 
crying. A prototype of the proposed baby cradle has been 
designed using Nx Siemens software, and a red meranti 
wood is used as the material for the cradle. The system 
architecture consists of a baby cradle that will 
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automatically swing using a motor when the baby cries. 
Parents can also monitor their babies' condition through an 
external web camera and switch on the lullaby toy located 
on the baby cradle remotely via the MQTT server to 
entertain the baby. The proposed system prototype is 
fabricated and tested to prove its effectiveness in terms of 
cost and simplicity and to ensure safe operation to enable 
the baby-parenting anywhere and anytime through the 
network. Created baby monitoring system is proven to 
work effectively in monitoring the baby's situation and 
surrounding conditions according to the prototype. 

III. METHODOLOGY 

In order to review the current state and adequately 
create proposals for the software solution, an analysis of 
web portals and applications intended for the Serbian 
speaking area was carried out. In the same time, in order 
to compare functionalities of available web portals, 
desktop and mobile application in the Serbian language, 
similar portals and applications on foreign languages were 
searched and analyzed.  

Web portals were searched using search engines based 
on predefined keywords. Specified key words including 
baby feeding, breast feeding, formula feeding and 
introducing solids were used to assess websites. The 
websites were reviewed if they met the criteria. The 
survey showed that there are a sufficient number of web 
portals in the Serbian language. These portals contain a 
wealth of information about child rearing. Most web 
portals provide information starting from the first days of 
pregnancy, through childbirth, to the nutrition of the baby 
and its development. When it comes to baby nutrition as 
well as tips for proper development, the sources of 
information available vary from portal to portal. The 
administration of individual portals is entrusted to 
nutritionists and pediatricians, while among certain 
sources of information, medical professionals and parents 
are equally equal.  

For example, one of the portals where visitor can find 
information obtained from medical professionals is a 
halobeba.rs. This portal is owned by the city public health 
institute of Belgrade. On the other hand, one of the better 
quality portals where you can find information from 
medical professionals as well as information and 
experiences exchanged by parents is bebac.com. In 
addition to the mentioned portals, portals such as 
mamaibeba.rs, yumama.com, mojpedijatar.co.rs, 
hranazabebe.com, etc. can be distinguish. In addition to 
adequate updating and dustiness of information, none of 
the mentioned portals offers the possibility of interactivity 
through the online form. At the same time, there is no 
possibility to enter information about the baby, to monitor 
its development, to monitor the introduced food, or to 
have an automatic suggestion system based on the 
information entered. 

Infant feeding applications were identified by 
performing searches in the digital application distribution 
platforms for the two smartphone operating systems with 
the largest market share: the App Store for iOS (Apple 
Inc) and Google Play for Android (a Linux-based system 
currently owned by Google). The search terms were 
modified slightly for the medium. Revised terms included 
infant feeding, baby feeding, breast feeding, formula 
feeding, bottle feeding, baby solids, baby food, and baby 

weaning. All of the apps yielded from the key terms were 
screened for eligibility as neither the App Store nor 
Google Play sorts the most commonly used applications 
by the number of downloads. A search of these two 
platforms yielded the most diverse results. In terms of the 
language in which the applications were created, only a 
few applications were found in Serbian.  

One of the applications is a product of the bebac.com 
web portal, and it is named bebac1. This application is 
primarily aimed at monitoring the pregnancy from 
conception to childbirth. Baby development is based on a 
weekly basis and illustrations of the baby in the uterus are 
provided for each of the weeks. Also, the application 
allows you to monitor the development of toddlers from 
week to week. For example, the first words, the first 
shoes, the first steps, the first teeth, the first spoons are 
included. One of the functionality of the application is to 
provide adequate advice on nutrition, proper nutrition of 
pregnant women, nutrition of baby and child, medical 
controls, upbringing and family.  

The Baby Food (Hrana za bebe2) app was created to 
inspire parents to feed their babies the right foods. The 
goal of this app is to inspire parents to make homemade 
baby food and show how easy it is to make homemade 
baby food healthier, fresher and tastier than using baby 
porridge in jars. Another goal is to help parents understand 
that shopping for baby foods is not superior and in some 
ways magical. Baby food companies do nothing magic 
with the food they pack into jars. The functionality of this 
app is focused solely on the preparation of baby food.  

BabyNyamNyum (BebiNjamNjam - recepti za bebe3) 
emerged as an auxiliary recipe database for one mom who 
decided to share that database with other moms in the 
hope that they would be helpful. The recipes are marked 
by the age of the baby according to the content of the 
foods necessary for the preparation of meals, and 
according to the guidelines of the World Health 
Organization. In the Ingredients section there is a list of 
foods presented by tags. Clicking on the desired tag will 
list all the recipes containing the desired food. This 
application consists of copyrighted content, advertiser 
content and links to other websites and applications. The 
authors emphasize that all content is used at their own risk 
and that they are not responsible for any harm resulting 
from the use of this application. 

On the other hand the number of applications created in 
English is significantly higher. Also the functionality of 
these applications cover multiple areas. Feed baby-Baby 
tracker4 is the best application in 2020 based on parental 
ratings. This application easily track baby’s breast 
feeding, bottle solids, diapers, nappy, sleeps, pumping, 
medicines, baths and journals in single touch. This 

                                                           
1 Bebac.com, Retrieved15.12.2019. from: 

https://play.google.com/store/apps/details?id=com.degree361.be

bac&hl=sr 
2 Hrana za bebe - Recepti za bebe i prva hrana, Retrieved 

20.12.2019., from: https://play.google.com/store/apps/ 

details?id=com.ubuntu.HranaZaBebe&hl=sr 
3 BebiNjamNjam - recepti za bebe, Retreived 20.12.2019. from: 

https://play.google.com/store/apps/details?id=appfreaks.bebinja

mnjam&hl=sr 
4 Feed Baby - Baby Tracker, Retrieved 20.12.2019., from: 

https://play.google.com/store/apps/details?id=au.com.penguinap

ps.android.babyfeeding.client.android&hl=en_IN 
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application also has feature of device to device 
synchronization and thus allows mom and dad always 
knows what’s going on. This application provides up to 44 
widgets, which will help parents to access key feature 
from the home screen. Application provide option to log 
two babies and its timeline will show to the parents all 
activities across multiple days and thus they have better 
understanding of their newborn activity pattern. 
Pictographs and other imagery help parents read and 
understand past data in a glance to monitor baby’s 
progress 

Baby Daybook5-Baby care and activity tracker is app 
for baby care and for tracking baby sleep and breast 
feeding. In addition to this, the application also acts as a 
kind of logger, allowing baby data to be stored. This 
application also can track baby growth like weight, height, 
head size and can compare progress against world health 
organization averages. 

Baby weaning and recipes6 unique week-by-week 
expert guide from leading parenting website 
MadeForMums, features 193 daily recipes, meal planners 
and advice guides. All recipes, guides and tools found on 
this application can be used offline. 

Baby Food Char7 application provide more than 150 
different foods and 150 recipes created specifically to 
fulfill baby's nutritional needs and make parents everyday 
planning easier. Each infant's nutrition is individual and 
different, which is why complementary feeding is adjusted 
to each baby and the selection and order of the ingredients 
is left to the parents. By taking on this role, the parents 
have to be aware of the responsibility that by introducing 
new foods to the baby's diet they are not merely putting 
food into their child's tummy, but also instilling lifelong 
attitudes towards food and nutrition. For this reason it is 
good to follow the basic principles of complementary 
feeding, which is why the baby food chart has been made 
- to help the parents. The baby food chart serves to inform 
the parents and does not need to be strictly adhered to. Its 
task is to give the parents information on when, should 
they want to they can introduce a particular food into their 
child's diet. The baby food chart serves as an informative 
basis for creating and defining a child's complementary 
feeding plan. 

The analysis of web portals and applications obtained in 
this way included evaluation of available information, 
intuitiveness in working with users as well as the degree 
of interactivity in the field of creating user profiles, input 
of data by parents, storing data, processing the same and 
making recommendations based on the data entered. 

IV. PROPOSED SOLUTION 

In order to create a solid ground for development of a 
system that can be useful for parents and data analysts, it 
is necessary first to define list of functionalities that will 

                                                           
5 Baby Daybook - Бреастфеединг & Царе Трацкер, Retrieved 

20.12.2019., from: https://play.google.com/store/apps/details? 

id=com.drillyapps.babydaybook 
6 Baby weaning and recipes, Retrieved  10.12.2019., from; 

https://play.google.com/store/apps/details?id=com.im.mfmguid 
7 Baby Food Chart, Retrieved 10.12.2019., from: 

https://play.google.com/store/apps/details?id=air.hr.definicijahr

ane.babyfoodchart&hl=sr 

make the system usable, then to define global architecture 
for such system.  

A. System features 

Based on the obtained information, we list functions a 
system for baby monitoring should implement, and group 
them into two categories: basic and advanced features. 
Furthermore, we define use cases for each of the 
functionalities. Basic functionalities include logging basic 
information about baby, suggestions for amount of 
formula needed based on baby’s weight, listing of already 
introduced solids, suggestions about similar food and 
achieved milestones chart. Basic information logging use 
cases begins with the parent creating their child's profile. 
After creating a profile, the user is required to enter basic 
infant information (date of birth, weight and height at 
birth, head circumference), as well as re-enter this 
information at each regular checkup performed by the 
pediatrician. It also enables daily monitoring of the child's 
development by entering the same data obtained by the 
parental measurement at home. Application user can 
choose to log other personal data, such as behavior, tips 
and tricks, funny moments, etc. Logged information can 
be used for analysis, but also can be viewed by application 
user. Vaccination plan is also included. Another feature is 
formula calculator that gives a suggestion for minimum, 
maximum and recommended amount of formula per meal 
and daily. In this way, the amount of food is calculated, 
the amount entered is compared with the default values 
and the weight of the child, and suggestions are made 
about possible increase, reduction of meals or time 
suitable for starting the introduction of solid foods. These 
calculations are based on standard guidelines for amount 
of formula needed, and are acceptable by pediatricians. 
When it comes to weaning functionalities, the system 
divides all foods into a number of groups. Each group 
contains a large number of different groceries. The user is 
allowed to keep a daily record of the solids introduced. 
Based on which group started the introduction of solid 
meals, as well as how many days the item was consumed, 
the system suggests the introduction of new foods from 
the same group or to start introducing another group of 
solids. This provides parents with information about new 
groceries that they may not have heard of that are 
adequate for their child's development. This is to support 
general guideline about weaning: parent chooses a group 
of groceries and starts introducing them one by one, 
giving the same food three to five days consecutively. In 
that way, in case of allergies or intolerance, parent can be 
undoubtedly identify the cause. System should be able to 
allow parent to block a group of solids their baby 
negatively reacted to. Along with basic logging, system 
provides a milestones tracker to provide parents with the 
information when did their baby achieved a milestone, for 
example date of the first smile, army crawling, or bump. 

Besides basic functionalities, system can provide a list 
of advanced functions such as a centralized database for 
information storage, privacy protection (anonymization of 
the data), include environmental sensors as an additional 
data source, run an analysis on collected data, suggest new 
solids to parents, and identify relations between common 
problems and weaning. Centralized database will allow 
collection of the data for different babies, allowing 
analysts to run different analysis methods.  However, that 
can imply different privacy concerns so the privacy 

247



 
Figure 1.  Proposed system architecture 

protection must be implemented at different levels. In the 
age of IoT devices, the importance of environmental 
sensors cannot be neglected,, so the data collected from 
the environment should be taken into account when 
processing the data. For example, if parent logs elevated 
body temperature, temperature sensors from the 
environment can provide the information whether the 
baby is overheated. The amount of data will eventually 
increase, and it will become suitable for different types of 
analysis: from personal gain such as recommendation for 
solids for introductions to global gain such as finding 
correlation between weaning and common problems. 
Firstly, system must be used as a database to acquire 
enough data to run a meaningful analysis and extract non-
trivial knowledge. Eventually, it can be upgraded to real-
time stream data processor that can react to new data. 
These advanced function take use of young parent’s 
willingness to log and share data to identify common 
problems, while providing them with all the needed 
information about their infant.    

B. Proposed system architecture 

The proposed system architecture is given in Fig. 1. 
System can accept data entered by user (different records 
about infant) along with data retrieved from sensors. 
These can be analyzed separately, or can be used to 
retrieve valuable information, depending on the analysis 
process. Each record, both manual or from sensors 
contains a timestamp that can identify exact time of 
recording, which is necessary for analysis based on time 
series data.  

The data manager block is a component that collects 
user-generated data and data from environmental sensors. 
Its functions and implementation depends on scale of the 
system and number and type of connected sensors. If the 
system is large-scale, incoming streaming data can be 
massive, so this component must be designed to handle 
the load. For that purpose, platforms such as Apache 
Kafka can be used.  Moreover, if the number and variety 
of environmental sensors is large, in this component the 
incoming data must be normalized to comply with a 
predefined standard. Furthermore, this component of the 
system must deal with incomplete or missing data from 
sensors due to different sensor failures, and provide 
necessary privacy protections.  

The Interactive GUI is a user-friendly interface that 
allows users to communicate with the system. Through 
this interface, the user creates account, enters the data, 
initiates processing, receives results and 
recommendations, etc. It is from utmost importance to 
simplify data entry for users so as to promote regular 
record of different data. Also, via GUI, user can add or 
remove sensors from sensor list. GUI implementation is 
independent from number of users. 

The data analysis and machine learning block performs 
data analysis and generates suggestions and conclusions 
(knowledge). Its implementation depends on number of 
users, scale of the recorded data and size of historical data. 
Algorithms that will be used for data analysis also dictate 
computational power needed to implement this module. 

The last block is a user database and set of different 
rules, both static and learned. User database stores data 
from users, previously anonymized and processed. Degree 
of anonymization is inversely proportional to level of 

thrust among users: wider usage – high degree of 
anonymization.  If the system should be used only among 
individuals, privacy protection between users does not 
have to be strong. However, this often is not the case: we 
would either have one user that uses private database, or a 
group of users that will require protection of the data. For 
the purpose of this system, it is not necessary to store 
personal information, just identified correlations, learned 
models etc. This can be defined with a set of static and 
learned rules that will be used in information retrieval 
process.  

This architecture supports all aforementioned basic 
functionalities, but also the advanced ones. It is adaptive 
not only to different system functionalities, but also to 
different number of users. Another advantage is that it is 
suitable for development of application for baby 
monitoring: at first, application will be local, aimed at 
users as individuals, but later it can be upgraded to real-
stream data processor that can react to new data based not 
only on personal experience, but also based on extracted 
knowledge form other users through history. 

V. CONCLUSION 

In the data driven era, young parent’s willingness to log 
and share data can be used to identify common problems 
related to baby development, weaning, etc. We propose a 
system that can be used by parents for personal needs such 
as storing relevant information and receiving different 
valuable tips, but at the same time the system will act as a 
data source for a greater research. Along with manual 
entries, environmental sensors can provide information 
about baby surroundings, which can be crucial for 
extensive analysis of the data. In that manner, it is possible 
to create a platform that can track and pinpoint previously 
unknown patterns in baby development, while being 
useful for parents in their everyday struggles.  
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