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Abstract - There is an increasing trend of families with both parents working. Then there are first time parents who are 
inexperienced. In both these scenarios, the baby is either neglected or receives inappropriate care. Therefore, this paper aims 
to assist working or inexperienced parents in taking care of their babies by providing them various solutions to all their 
problems in one single product. The infant monitoring unit controlled by the Raspberry Pi 3b+ collects sensor data and hence 
monitors various parameters such as body temperature, heart rate, bed wetting, room temperature etc. The data collected on 
facial features from the video feed is analysed to extract expressions and predict emotions. This results are collaborated with 
analysis of the infant‟s cry and crying pattern. The system also includes various methods to silence the infant and ensure the 
maximum comfort of the infant till the parents arrives. The interactive user interface gives the parent operational control of 

the cradle and also gives them regular updates and alerts. 
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I. INTRODUCTION 

 

The present day and age calls for both working 

parents. This situation requires a product which 

would assist parents in taking care of their babies. 

The Intelligent Baby Care System has an Infant 

Monitoring Unit which employs cloud computing and 

IoT. This unit monitors the baby and its surrounding 

and stores information regarding the same. It also has 

a Data Analysis System which makes use of audio 
processing and image processing to detect and 

classify the cause of cry. The system also aims to 

automate the methods used to calm a crying baby 

chiefly rocking the cradle and playing soothing 

music. 

 

It is an innovative, smart and protective baby care 

system to nurture a baby in an efficient way. This 

system considers all the minute details required for 

the care and protection of the baby. The design of 

smartness and innovation comes with the use of 

technologies and methodologies which include 
Internet Of Things (IOT), modules like Raspberry Pi, 

humidity and temperature sensing, swing 

Automation, cry detecting mechanism, live video 

surveillance, cloud computing for data storage and 

user friendly website for user controls. In order to 

detect each and every activity of baby, different 

sensors and modules are attached to the cradle. Wet 

sensor for detection of wetness of the bed, a camera 

on top of the cradle for live video footage and cry 

detection circuit to analyze cry patterns which 

eventually triggers the swinging mechanism (if 
required based on the range of frequency). All the 

data which is being taken from the sensors and 

modules will be stored in cloud and analyzed at 

regular intervals. A health algorithm is applied to 

these datasets to get information about the body 

conditions which is helpful because any regular 

symptoms of a disease can be identified easily. An 

instant notification will be generated if any abnormal 

activity is detected such as crying, wetness of bed. 

There are user interface controls which include the 

feature of controlling the swinging mechanism of the 

cradle (can be turned on, turned off and can maintain 

the speed of swing), control for switching on the 

camera live footage and controls for playing the toy, 

projector, lullaby or white noise whenever the baby 
cries. 

 

II. PROBLEM DEFINITION 

 

The main problem is that parents are not able to 

devote enough time to infants either due to work or 

being short-handed. Infants demand constant 

attention and hence the there is a need for a system to 

monitor the infant at all times. Furthermore certain 

body parameters need to be monitored to keep a 

check on the threat of Sudden infant death syndrome 

(SIDs). Also hygiene should be maintained and 
simple methods to immediately silence the infant 

should be devised. 

 

III. PROPOSED SOLUTION 

 

The proposed solution is an infant care system which 

consists of an infant monitoring system, data transfer 

module, data analysis module and user interface. The 

Infant Monitoring System collects data from the 

various sensor and control the cradle and other 

features. The Data Transfer module is used as 
medium for transfer of data between the user, Infant 

monitoring system and the Data Analysis Module. 

The Data analysis module analyses the data collected 

and draws various conclusion for future use. The user 
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interface gives the user visual and operational control 

over the Infant monitoring system. 
 

 
Figure 1: The block diagram of the proposed system 

 

IV.PROJECT DESCRIPTION 

 

A. INFANT MONITORING UNIT 

(a) Data Acquisition Module 

The data acquisition module consists of the various 

sensors required to monitor the baby, cradle and the 

surroundings. Each sensor monitor one or more 

specific parameters. The results are correlated with 

other parameter or directly processed into the 
decision making algorithms. 

1. Body Temperature Sensor 

The body temperature of the infant can be measured 

using LM35. It is an integrated circuit sensor in 

which electrical output is directly proportional to the 

temperature (in C). This small IC can be attached to 

the clothing of the infant. It has to be in direct contact 

with the infant for proper temperature readings. The 

main purpose of this sensor is to monitor body 

temperature throughout the day and raise alerts on the 

onset of fever.  Infants are easily susceptible to 
infection and that is the primary cause of the fever 

and since their immune system is not fully developed 

they could be at a high risk. Any fever above 38 

degree needs immediate attention and the doctor 

should be contacted. Moreover there could also be 

surges in the body temperature due to fever during 

the night that could pose a serious threat to the infant. 

Hence the body temperature has to be constantly 

monitored. Alerts are sent to the parents and doctors 

if the temperature rises above 38 degrees. 

2. Heart rate detector 

The raspberry pi pulse sensor is used to measure the 
pulse rate. SIDs, sudden, unexplained death of an 

infant under one year old. These days it is rare but all 

parents constantly fear it. Hence heart rate should be 

monitored especially during the night. If there are any 

abnormalities in the readings then alerts are sent. If 

the alerts are untended to within two minutes the 

alarm through the cradle speakers are sounded. 

3. Moisture sensor 

A moisture sensor like Solu SL067 can be used to 

detect whether the infant has wet the cradle bed or 

not. Poor hygiene is a major cause of infection. Since 
the infants spend most of the day in the cradle the 

hygiene of the cradle is utmost importance. Hence the 

extent to which the cradle bed has been made wet is 

monitored. If the moisture level crosses a threshold 

alerts are sent. The data of the moisture sensor is 

correlated with the infants cry for cry pattern analysis 

and finding the cause of the cry. 

4. Mic Condenser 

The mic condenser is used to collect the audio input 

from the surrounding and detect the infants cry after 

processing the audio input. The cry is extracted and 

analysed and appropriate alerts are sent 

5. PIR Motion sensor 

The PIR motion sensor gives an output of 5V or logic 

„HIGH‟ when it detects any motion of humans in its 

vicinity. This sensor is used to monitor the movement 

of the infant. Mostly infants are left untended to when 

they are sleeping. Hence the parents need to be 

informed when they are awake. For this PIR sensor is 
used. If the PIR sensor detects motion then data from 

the camera is processed to verify whether the infant is 

awake or not. If the results of the camera data is not 

conclusive and if the logic „HIGH‟ persists then alerts 

are sent that the infant is awake. The sleep pattern is 

analysed for more accurate results. 

6. Camera module 

Raspberry Pi Camera Module v2 is a high quality 8 

megapixel image sensor. The camera module is 

mounted such that is can focussed directly on the face 

of infant. Facial features are extracted from the image 
and analysed. Also the camera module is used to 

check whether the infant has left the cradle. If the 

infants leave the cradle then the highest order alerts 

are sent and a loud alarm is sounded from the cradle 

speakers. 

7. Room temperature and humidity sensor 

The DHT-11 sensor is used to monitor the 

temperature and humidity of the room in which the 

infant is in. An optimal range for an infant, especially 

a new-born is said to be 20-23 degrees Celsius. The 

infant‟s risk of SIDS has been shown to be increased 

when the room is too hot. On the other hand the 
infant can easily become uncomfortable and wake up 

unnecessarily when it's too cold. Hence an optimal 

temperature range has be maintained. The best heat 

index for the infant can also be observed and 

maintained. Based on the DHT-11 data the fan is 

controlled. 

8. Air quality sensor 

The MQ-135 gas sensor is used to monitor air quality. 

The MQ-135 is used to detect wide range of gases, 

including NH3, NOx, alcohol, benzene, smoke and 

CO2. Infants are extremely susceptible to respiratory 
diseases and infections, hence the environment has to 

be free of all toxic gases. Infants have a weak 

immunity hence the environment air quality has to be 

properly maintained so as to prevent them from 

contracting diseases. 

(b) Raspberry Pi 3B+ Control System 

The data from the senors is collected and processed 

by the Raspberry Pi 3B+. Raspberry Pi is a small 

signal board computer stamped with chips and I/O 

connectors. Based on the sensor data, decision 

making algorithms are run and results are obtained 

and implemented in the form of alerts, controlling the 
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cradle movement, switching on the fan or playing 

music.  The analog sensor signals are converted to 
digital signals using MCP3208 12-bit Analog-to- 

Digital Converter (ADC), which is based on 

successive approximation register (SAR) architecture. 

All sensor data and results of the decision making 

algorithms are uploaded to the cloud for storage and 

analysis. 

(c) Cradle control unit 

1. Motor for swinging mechanism 

The MG995 towerpro servo motor is used to make 

the cradle swing. The cradle is designed such that the 

servo motor alone can control the swinging of cradle 

based on the PWM input to the servo motor. The 
swinging mechanism can be used to put the infant to 

sleep. The optimal speed for the infant set be set. If 

the infant cry is detected and the solution selected is 

swinging the cradle then the servo motor is activated 

and the cradle is made to swing till the crying stops. 

The parents can control the swinging of the cradle 

externally. 

2. Speaker 

The audio output of the raspberry pi is connected to 

speaker. This is used to either put the infants to sleep, 

silence the infants when they are crying or just to 
entertain them. Message from parents and alarms can 

also be sounded from this audio output. 

3. Fan 

Fans play an important role in regulating the 

temperature of the room. They are preferred over air 

conditioners because they can circulate the air and is 

found to reduce the risk of SIDs. When the 

temperature is above 23 degrees Celsius the fan is 

switched on by the raspberry pi. The fan is directed 

towards infant to increase comfort. The fans can be 

switched on and off remotely. 

 

 
Figure 2: The block diagram of the Infant monitoring system 

 

B. DATA TRANSFER 

(a) Cloud 

The data from all the sensors interfaced to the 
raspberry pi will be stored on a private cloud and this 

cloud will be accessible only to the authorized 

persons, including the parents. The private cloud will 

be made using ownCloud platform and a 1TB HDD 

will be connected to the raspberry pi which will be 

used for storage of data. The data that will be stored 

on the cloud consist of body temperature, audio, 

images and music. The parents can access this data 
from anywhere as long as they have an internet 

connection using their web browser and the username 

& password. 

(b) Backup Database 
In case the raspberry is unable to establish a 

connection with the cloud server, the data will be 

stored on a backup database that will be using the 

storage space of the micro SD card of the raspberry 

pi. This database will be stored on the phpMyAdmin 

server and can be accessible only through network 

administrators. As soon as the raspberry pi connects 

to the cloud server, all the data will be flushed to the 
cloud database. 

 

C. DATA ANALYSIS 

(a) Facial Expression 
The goal is extract expression from the video feed 

and derive the expression. This can be used to predict 

emotion state and used for behavioural analysis in the 

future. To analyse facial expressions the following 

steps are performed. 

1. Image Acquisition 
Through the camera sensor output the facial 
expression of the  infant will be detected at regular 

intervals by converting digital .mp4 video format to 

.jpg format. 

2. Image Pre-Processing 
In pre-processing stage, Median filter, Wiener Filter 

and Gaussian filters are applied to reduce the noises 

from the image and filtered image outputs are 

validated using metrics like Peak Signal to Noise 

Ratio(PSNR). 

3. Face Area Detection 
In MATLAB, vision.CascadeObjectDetector() 

function is used for face detection and the function to 
detect the face region in a bounding box is 

bbox=step(detector,i). 

4. Face Isolation 
After the face region is identified by the bounding 

box, the cropping function in MATLAB imcrop() is 

used to crop the face region from the  human image. 

Coordinates of a rectangle provided with a four 

element position vector [xmin, ymin width height] are 

provided to define the cropping area. 

5. Image Segmentation 
Since the emotions are identified from the non-skin 
regions, the main goal of this step is to extract the 

non-skin regions like mouth and eyes from the image. 

By applying thresholding techniques to the RGB 

image the skin and non-skin pixels are easily 

discriminated. Generally R>80, G>45, B>20 averages 

well for a general human face. 

6. Morphological Processing 
To perceive and recognize human faces the 

prominent characteristics or features with their 

geometric distribution will be extracted. 

Morphological operations reduce the unwanted skin 

parts and background noises from the segmented 
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image. Morphological Opening imopen() with valued 

structuring element is applied to the segmented face 
image to eliminate small isolated overlapping objects. 

Erosion function imerode() is applied to the opened 

image to shrink the foreground in the object. The 

boundary of the face is obtained when the opened 

image is subtracted from the eroded image. An area 

opening function bwareaopen () is applied to the 

boundary extracted image for removing unwanted 

object and to get the boundary of the regions like eyes 

and mouth very accurately. 

7. Emotion Identification 
Recognition of the emotion is based on the mouth 

region. The area opening function bwareaopen() on 
morphological processed output is used to extract 

only the mouth region.imfill() used to fill any 

remaining holes in the image. The area of the mouth 

region is calculated using the number of pixels 

multiplied with the individual pixel width. If Mouth 

area in mm is between 3 and 4 then then emotion is 

neutral if between 11 and 17 then emotion is smiling 

and if between 5 and 10 then crying state. 

(b) Cry Analysis 

A mic is used to collect sound information. Accurate 

detection of cry is achieved using Short time energy 
and Short time crossing techniques. For detecting 

generic causes of cry, feature extraction is done using 

Linear predictive coding in time domain and Mel 

Frequency Cepstral Coefficients and Bark Frequency 

Cepstral Coefficients in frequency domain. 

Classification is then achieved using Nearest 

neighbourhood method and Artificial neural network. 

For detecting medical causes of cry, features such as 

expiration and inspiration phases and static and 

dynamic MFCCs are extracted. Classification is 

achieved using Multilayer perceptron neural network 

or SVM with different Kernel functions. Analysis of 
duration of cry helps detect colic condition in infants. 

 

D. USER INTERFACE 

The parents will be able to interact with the baby and 

the cradle through a web page which will consist of a 

variety of options so that parents can control the 

cradle and also send messages to their baby. The web 

page will have options like getting real time image, 

wetness of bed and body temperature of the baby and 

a few other options to allow parents to send 

commands like moving cradle and playing music as 
and when they want. 

 

E. SYSTEM FEATURES 

(a) Cry Detection and Classification of Cause of 

Cry 

The system is able to detect cry using audio 

processing techniques. It then classifies the cause of 

cry as due to hunger, pain or lack of attention from 

care givers. Furthermore, it can even detect if the 

infant is healthy or unhealthy and subsequently 

narrow down the disease if infant is found to be 

unhealthy. This system is extremely accurate in 

detecting whether the infant is suffering from colic. 

(b) Rocking Motion 

Once the cry of baby is detected, the Raspberry Pi 

directs the stepper motor to rock the cradle. This 

feature is implemented so that the baby can be at ease 

till a care giver reaches it. The cradle can also be 

rocked through commands given by the parents over 

the App or web page via the Raspberry Pi. 

(c) Music 

Some infants respond better to soothing music. 

Therefore a speaker is also included which would 

play soothing music or white noise in an attempt to 

calm the crying baby. 

 

V. MOTIVATION 

 

The main feature of ours is to create the 

communication between parents and their babies 

when they are not together. We want the parents to be 

able to monitor their babies remotely and to be able to 

comfort babies when they cry by softly rocking the 

cradle or playing soothing music based on the 

emotional state of the baby. We also want the parents 

to receive regular updates on the condition of the 
infant and also receive alert in the case of any 

abnormality .Thus,we hope to bring about a viable 

solution to many working parent's plight who cannot 

always employ a full time nanny and thus will be able 

to leave the baby in care of the system for a while. In 

order to accomplish those requirements, we bring our 

desired solutions. We will compare with some 

alternative solutions to justify our choices. 

 

VI. LIMITATIONS 

 

A few limitations faced are that in situations such as 
bed-wetting or baby trying to get out of cradle there 

are no possible provisions and even if parents are 

away an immediate physical response will be needed 

from the parents. The sensors used are more basic so 

for a real life model more expensive sensors will be 

needed. The computational power of raspberry pi 

limits the response time and overall efficiency of the 

system which requires very fast computations and 

communication. 
 

VII. FUTURE SCOPE 
 

In future we can add more features such as an android 

application through which the parents can get live 

feed of the baby, control the music, rock the cradle 

and also adjust temperature and other parameters as 

required. By studying the behavioural patterns of the 

infant we can train a deep learning model so as to 

identify and implement the best conditions for the 

infant. These results will have to be periodically 

tested and based on the response an optimised model 
to predict the best environment condition, cry pattern 

and sleeping pattern can be created. Moreover based 
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on this the entire day of the infant can be 

autonomously handles by the system. 
 

VIII. CONCLUSION 
 

The Data Acquisition Module is able to collect 

essential information about the baby and its 

surrounding. The Cradle Control Unit is efficient in 

calming down the crying infant either by 

automatically rocking the cradle or by providing 

soothing environment to it. Audio and image 

processing help in analysing the cause of cry and 
other emotions of the baby. The Intelligent Baby Care 

System is able to successfully assist busy parents in 

taking care of their babies. 
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