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Abstract: 

 

It is evident that the fetal mortality in all regions is one of the most complicated problems 

than other complications. Fetal heart rate is one such parameter in pregnancy that requires 

monitoring since its variations induces complications in the health of fetus and sometimes in 

the mother also. FHR is a physiological parameter which can be monitored by a skilled 

practitioner and sophisticated devices. Monitoring of FHR provides the fundamentals of the 

fetal health status during pregnancy, thus protecting the fetus from future complications if 

any. There is a lot of research on FHR monitoring thus providing solutions to the problem of 

fetal mortality which in turn may lead to maternal mortality. This paper provides a novel 

system that monitors the FHR from the maternal abdomen, transmits the values to the mobile 

device for further processing and provides alert messages. With the pervasiveness of smart 

phones and the advances of wireless body sensor networks (BSN), mobile health monitoring 

helps for better health care and has attracted considerable amount of interest recently. The 

paper provides a brief introduction over the fetal and maternal mortality caused due to 

abnormal variations in FHR and the need for FHR at home. The paper puts forth the details of 

Fetal heart Rate, FHR abnormalities, the today’s existing systems and few different 

methodologies for FHR monitoring and their disadvantages. The description of the proposed 

system and the advantages it offers over the existing system is provided and the paper 

concludes with the future directions in the field of FHR monitoring and the advantages 

offered by the proposed system to human kind. 
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1. INTRODUCTION 

 

The field of medicine is doomed to a continuous evolution and is precisely endorsing each 

and every advance in technology with a single unique aim to save lives. From past 10 years 

researchers are searching new innovative systems to bring advancement in the quality of 
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health services which allows medical practitioners in all areas to use technology to benefit 

people. People of recent days are more concerned in keeping themselves updated about their 

health status periodically. One major percentage of the population which requires frequent 

and confident updation is the population of pregnant women in rural, urban and remote areas. 

Death during pregnancy is the most common problem faced by both mother and fetus. 

Complications of pregnancy are health problems that occur during pregnancy involving the 

mother's health, the baby's health, or both. Approximately 5,29,000 women and half of the 

fetus die from pregnancy complications  annually and almost all (99%) of these deaths occur 

due to delayed medical attention. Causes of maternal and fetal mortality include postpartum 

haemorrhage, eclampsia, obstructed labour, changes in Blood pressure, High Blood glucose 

level, changes in weight, variations in fetal heart rate and sepsis. Pregnancy induces a lot of 

problems in women and also the fetus by causing variations in the physiological parameters 

whose changes cannot be detected and the variations induced cause acute problems and 

abnormalities in the health of the fetus and the mother. One of the major situation which 

leads to maternal and fetal mortality is the variability in the fetal heart rate. Fetal heart rate 

variability ranges from increased fetal heart rate, decreased fetal heart rate, unawareness of 

fetal heart rate to null fetal heart rate. The fetal heart rate cannot be manually monitored by 

women during pregnancy and requires skilled medical practitioners and sophisticated 

instruments to monitor the same. Further, the unawareness of the importance of fetal heart 

rate and requirement of skilled practitioner and expenses involved puts the fetus and the 

mother in acute danger of mortality. The variability in fetal heart rate can cause increased 

risks of early labour, abortions, fetal mortality, infections in the mother from fetal mortality 

and maternal mortality. Many developing nations lack adequate health care and pregnant 

women have minimal access to skilled labour and emergency care.  Hence, there is an 

increasing need for monitoring the fetal heart rate during pregnancy to forbid maternal and 

fetal mortality. A lot of interesting research is going on over monitoring fetal heart rate with 

miniaturised devises, new methods and continuous monitoring by women during pregnancy 

at home without the intervention of a skilled practitioner or sophisticated instruments. The 

FHR is the parameter which needs continuous monitoring since fetal mortality can be 

forbidden by monitoring the FHR on a continuous basis. Fetal heart rate gives the health 

status of the fetus thus indicating that the health status of the fetus is normal, health of the 

fetus is variating, if the fetus is alive or if the fetus is dead. Thus monitoring the FHR gives 

way for protecting the fetus before it is too late of atleast the mother before it may lead to 

varied complications. The main aim of the proposed system is to provide remote monitoring 

of FHR by recording the maternal ECG and then applying the procedure proposed in [3] to 

extract the fetal heart rate  thus protecting the mother and the fetus from any further 

complications when the FHR varies by monitoring the FHR continuously and thus providing 

alert information to the patient when there are variations observed in the FHR patterns 

signalling the mother to visit a medical practitioner immediately which otherwise would not 

be known. 

 

2. FETAL HEART RATE 

 

Fetal heart rate is not constant throughout pregnancy and changes according to the stages of 

pregnancy [15]. A normal Fetal Heart Rate (FHR) usually ranges around 120 - 160 beats per 

minute (bpm) in the in utero period. Fetal Heart Rate is visible on sonography approximately 

at 6weeks of gestation. It then increases progressively over the coming weeks followed by a 

decrease becoming on average. Although the healthy fetus heart rate is regular, a beat-to-beat 

variation of approximately 5-15 beats per minute can be allowed. 
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Fetal Heart Rate at different Stages of Pregnancy: What is a normal fetal heart rate is a 

question that arises in a mother from the first the baby’s heart beat is heard, but the truth is a 

normal fetal heart rate changes during the stages of pregnancy. The fetal heart rate from the 

time it is heard increases progressively over the subsequent 2-3 weeks becoming 

approximately 110bpm (mean) by 5-6 weeks, 170bpm by 9-10 weeks and this is followed by 

a decrease becoming on average approximately 150 bpm by 14 weeks, 140 bpm by 20 weeks 

and 130bpm by term. FHR can be used to pinpoint the gestational age of the fetus as the 

pattern of FHR is fixed. The miscarriage rate for pregnancies in which a mother has heard or 

seen a heartbeat is less than 1%.But, if the fetus heart beat is off by a week or more it can 

indicate a miscarriage is more likely. A slow heart rate in early pregnancy is associated with a 

higher risk of miscarriage. Sometimes detecting a slow heart rate means that the fetus may 

have chromosomal abnormalities from the beginning. 

At about 5 weeks gestation, your baby's heart begins to beat. At this point, a normal fetal 

heart rate is about the same heart rate as the mother's: about 80-85 beats per minute (BPM). 

From this point, it will increase its rate about 3 beats per minute per day during that first 

month. By the beginning of the 9th week of pregnancy, the normal fetal heart rate is an 

average of 175 BPM. At this point it begins a rapid deceleration to the normal fetal heart rate 

for the middle of the pregnancy of about 120-180 BPM. There is also a slowing of the normal 

fetal heart rate in the last ten weeks of pregnancy, but the normal FHR remains about twice 

the normal adult’s heart rate. 

Pregnancy period/Size of Fetus      Normal FHR 

5weeks (beginning) 80-85 bpm 

5 weeks  Starts at 80and ends at 103 bpm 

6 weeks starts at 103 and ends at 126 bpm 

7 weeks Weeks starts at 126 and ends at 149 bpm 

8 weeks starts at 149 and ends at 172 bpm 

9 Weeks 155-195 bpm (average 175 bpm) 

12 Weeks 120-180 bpm (average 150 bpm) 

After 12 Weeks 120-160 bpm (average 140 bpm) 

(Normal Fetal Heart Rate Chart [15]) 

Abnormal Fetal Heart Rate: Sometimes fetuses develop an abnormal heartbeat. If the fetus 

heartbeat is normal, chances of miscarriages are very low. If the fetus’ heartbeat is not 

audible for a week or more, miscarriage is likely to happen. Unusually low or high FHR is 

one main fetal distress symptoms. Some placental or umbilical cord problems, excessive 

physical exertion by the mother, mental stress, genetic problems or any other complications 

can lead to low or high FHR in early pregnancy or in the latter half of pregnancy. FHR, as 

high as 180 or as low as 100 can be considered normal as the average varies during 

pregnancy. About 1% to 2% of all pregnant women have babies with fetal arrhythmia and 

typically, these arrhythmia resolve themselves and cause no problems or effects. Sometimes, 

fetal arrhythmia indicates presence of health complications. An abnormal heart beat is known 

as arrhythmia, there are three types of abnormal heartbeats-Fetal Tachycardia: A rapid fetal 

heart rate is termed as fetal tachycardia and it is usually defined as a heart rate above 160-180 

bpm from 5-7 weeks of gestation or a rate of approximately 170 bpm may be classified as a 

borderline fetal tachycardia.  Fetal tachycardia arises in only 0.4% to 0.6% of all pregnancies. 

It commonly occurs in the form of sinus tachycardia, which causes an increase in heart rate 

when your baby breathes. Tachycardia may be caused by fetal distress, drug use, or infection. 

In a small percentage of cases, fetal tachycardia is the result of cardiac tumors.Fetal 

Bradycardia: A slow fetal heart rate is termed fetal bradycardia. It is usually defined as a 

heart rate below 100bpm before 6.3 weeks gestation or a heart rate below 120 bpm at 6.3 – 



4 | International Journal of Biological Research  volume 4/ Issue 5 
 

7.0 weeks gestation.Fetal brachycardia is highly infrequent, accounting for only 5% of all 

fetal arrhythmias. Fetal brachycardia causes the baby’s heart rate to drop below 100 beats per 

minute for a period of five minutes or longer. It may be the result of structural abnormalities 

within the heart.  Irregular: A rapid and irregular fetal heart rate is usually termed a fetal 

tachyarrhythmia; here heart is experiencing extra or skipped beats.  Irregular heartbeats are 

the most common type of fetal heart arrhythmia. They are often discovered before birth 

during prenatal appointments. Irregular heartbeats usually begin in the atria of the heart, 

causing extra or premature heartbeats to occur. These are usually not problematic and 

typically resolve on their own.Causes of irregular heartbeats in infants often include 

structural problems with the heart, genetic disease, especially heart disease, infections, like 

Chlamydia, exposure to alcohol, tobacco, or drugs while in utero. There are some 

complications associated with fetal arrhythmias. If left untreated or undiagnosed, fetal 

arrhythmias can become exacerbated or develop into long-standing problems. Fetal 

arrhythmias can: result in fetal distress, make it difficult for baby to breathe, result in fetal or 

infant death. There is some evidence linking fetal arrhythmias with Sudden Infant Death 

Syndrome.Abnormal heartbeats can now be treated in utero or immediately following birth. 

Treatment will depend upon the cause of the abnormal heartbeat, and may include 

medications or surgery. Most fetal arrhythmias resolve on their own without any treatment, 

however, it is important that the baby be monitored regularly for recurrence. 

 

3. TRACKING THE FETAL HEART RATE 

 

The present existing system involves pregnant women opting for consultation and health 

check up every 15 days which involves a skilled medical practitioner, expensive 

consultations, and expensive checkups/medical tests requiring sophisticated instruments and 

loads of time for the consultation and travelling which is tiresome. The existing present day 

system involves lots of risk for pregnant women who need to travel long distances for 

checkups every 15days even though there are no abnormalities detected after the consultation 

with the medical practitioner. The system involves unnecessary travelling, no continuous 

monitoring of abnormalities, expensive tests, sophisticated devices and time wastage in 

travelling and waiting. The existing system induces a lot of risk in the health of women by 

not providing timely emergency care and involves unnecessary complications due to 

untimely care provided to the pregnant women. There are different ways in which FHR can 

be monitored by pregnant mothers themselves or through a medical practitioner / mid-wife or 

with the help of a ultrasound scan. Some of the different ways in through which FHR can be 

measured are as follows: 

3.1. Manual Method:  

Pregnant women can feel the heartbeats and can measure the beats themselves. It's great to 

hear the heartbeats of the baby! But some mothers start worrying about the health of their 

baby, after knowing about high or low fetal heart rate (FHR). 

3.2. Machine Method:  

An ultrasound Doppler helps measure fetal heart rate. Some mothers feel better when they 

can monitor the baby's heartbeat from home through the use of a Doppler in the home. There 

is Doppler available to be used at home which do have the Bluetooth facility. 

3.3. Different Methods Proposed for Tracking Fetal Heart Rate  

Many researchers have provided solutions to the problems faced by women with respect to 

FHR. Some of the solutions are Improved Method for Fetal Heart Rate Monitoring [1], Real-

Time Signal Processing for Fetal Heart Rate Monitoring [2] and Telefetalcare: a first 

prototype of a wearable fetal electrocardiograph [3]. 
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 The Improved Method for Fetal Heart Rate Monitoring [1] proposed by Mihaela 

Ungureanu, Johannes W. M. Bergmans, Mischi, S. Guid Oei, Rodica Strungaru Tan is 

a method wherein fetal heart rate signals can be detected from recorded abdominal 

signals. A new procedure that computes fetal heart rate by pre-processing the 

abdominal signals in order to remove the baseline and uterine contractions is proposed 

in this research. The ECG of the mother (MECG) is removed using coherent 

averaging and optimizing the averaged MECG template. The proposed procedure 

utilizes 12 electrodes are utilized to measure the ECG from the maternal abdominal 

surface and the channels containing the clearest fetal ECG signal (FECG) are 

identified by the autocorrelation function. The FECG is enhanced by the cross 

correlation between the two channels that show the strongest FECG. This 

enhancement is possible since the residual noise in the abdominal signal after removal 

of baseline, uterine contractions and maternal ECG is not correlated among the 

channels. The fetal R-Peaks are then detected and the FHR is computed. The obtained 

FHR is further corrected, using the information about the MECG and about the 

FECG.  

 Real-Time Signal Processing for Fetal Heart Rate Monitoring [2] is an efficient 

method involving an algorithm developed through a combination and modification of 

earlier techniques which is based on digital filtering, adaptive thresholding, statistical 

properties in the time domain and differencing of local maxima and minima. A 

Doppler ultrasound fetal monitor was used for statistical comparison on five 

volunteers with low risk pregnancies, between 35 and 40 weeks of gestation. The 

proposed system utilizes a single abdominal lead signal to extract the FHR; it 

implements the proposed algorithm in real-time using a small sized microprocessor- 

based system and to make it suitable for ambulatory long-term monitoring and 

assessing the accuracy of the developed system compared with data derived from 

Doppler ultrasound. The system is reliable and efficient but involves lot of layers of 

processing which induces increased requirement for processing power. Hence, this 

proposed method may induce problems. 

 Telefetalcare: a first prototype of a wearable fetal electrocardiograph [3] is a 

prototype of a wearable fetal heart rate monitoring device. The device monitors FHR 

in a domiciliary context and sends fetal ECG traces to a hospital facility, where 

clinicians can interpret them. In this way the mother could receive prompt feedback 

about fetal wellbeing. The system is characterized by two units: (i) a wearable unit 

endowed with textile electrodes for abdominal ECG recordings and with a Field 

Programmable Gate Array (FPGA) board for fetal heart rate (FHR) extraction; (ii) a 

dock station for the transmission of the data through the telephone line. The system 

allows to reduce costs in fetal monitoring, improving the assessment of fetal 

conditions. This system involves efficient monitoring through textile electrodes that 

record the maternal abdominal ECG and an FPGA for filtering the FHR from the 

recorded ECG. The method here involves 8 electrodes to record the ECG from the 

mother and these correspond to 8 channels with ECG readings and the best channel 

with ECG recording is selected from the 8 channels, this involves a lot of processing 

since all the 8 channels need to be processed. There is a dock station to store the 

recorded ECG which is then forwarded to a medical practitioner through a telephone 

line which is again a drawback since the telephone lines are not reliable in today’s 

generation. Hence this is a efficient system that protects both the fetus and the mother 

from complications by recording the ECG and providing the fetal heart rate. 

 

4. PROPOSED SYSTEM 
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Pregnancy induces a lot of complications in health which require immediate care and advice 

from a skilled medical practitioner. Women are often concerned about their health and hence 

consult doctors frequently to obtain and understand the status of their health. They undergo a 

series of test and can only be educated about their health after consultation with a doctor. 

There are many research studies carried out for measuring and analysing FHR. The system in 

question is one which is capable of dealing with medical field, preferable pregnancy where 

the FHR is monitored, processed, analysed and a liable solution is formulated to set rite the 

situation in case of different emergency situations. The system should also aim at providing 

the user immediate advice and care when and where required and alerting a medical 

practitioner on the status of user if there occurs a situation of emergency. The system should 

reduce the burden on the user by eliminating unnecessary time wastage for tests and allow the 

user to be updated about the health status of fetus at home and also allow sending the 

collected information to doctor for further references.  The system should also reduce the 

burden on the medical centres and doctors by reducing the paper work which would be 

required otherwise. The system should allow user to track down nearest hospitals to their 

location, provide first aid service/information and emergency ambulance facility when 

required. 

 

 
Fig-1: Proposed System 

 

The proposed system as shown in Fig 1 is one such system that satisfies the above mentioned 

requirements and provides a one stand solution to the pregnant mothers who are worried 

about their babies’ heart rate. The proposed system known as the Fetal Heart Rate Monitoring 

(FHRM) System focuses on various data mining techniques that can be used to mine, match 

and analyse the data. The system also focuses on collecting the data from the maternal 

abdomen, transmitting the collected data to the mobile device for processing, analysis, 
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decision making and predicting through a software application developed with pre fed data 

collected from the skilled medical practitioner for predicting health status. The system saves 

the user’s time spent in frequent travelling for consultations, for collecting their reports, 

educates the user about how to deal with the complications, and provides statistical analysis 

through the SPSS software which is a tool used for comprehensive and flexible statistical 

analysis and data management. SPSS can take data from almost any type of file and use them 

to generate tabulated reports, charts, and plots of distributions and trends, descriptive 

statistics, and conduct complex statistical analysis. 

 

 
Fig-2: Flowchart for the Proposed System 

 

The FHRM System follows a systematic sequential procedure for collection, transmission, 

analysis, prediction and emergency services. As shown in fig 1 the FHRM system utilizes a 

Doppler to measure and collect the fetal heart rate from the maternal abdomen. The Doppler 

is facilitated with Bluetooth and hence the fetal heart rate values can be transmitted. The 

collection of the FHR values can be done through Doppler used at home, ultrasound Doppler 

at medical centres/hospitals/clinics or through the help of medical practitioners/mid-wives. 

The system uses the Doppler to transmit the FHR values to the pregnant mother’s mobile 

device. The mobile device is used for analyzing the received FHR values, processing the 

FHR values by comparing them with pre-recorded normal values of FHR. The mobile device 
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predicts the risk level of the fetus through the FHR values and provides services such as 

sending alert messages to the pregnant women, medical practitioner and hospitals as per the 

situation of emergency and risk level of the fetus.The flowchart of the FHRM system is as 

shown in the fig2. The system starts with registration of the pregnant woman with the 

application developed and installed on the system. The fetal Doppler is used to collect the 

data from the maternal abdomen and transmit it to the mobile device through Bluetooth. The 

FHR values are analysed and the risk levels are detected by the software. When the level is 

normal no action is taken. When the risk level is moderate the pregnant woman is notified 

about the risk and required advices are provided. When the risk levels are of emergency there 

is a alert message sent to the medical practitioner. When there is acute emergency the system 

alerts the doctors, hospitals for an ambulance and emergency services.  

The advantage that the system offers over other systems is that this very system reduces the 

burden over the pregnant mothers in their vulnerable state. The system is capable of alerting 

the pregnant women, the medical practitioner either through SMS or through E-mail 

regarding the status of the fetus and henceforth provides immediate care in cases of 

emergencies. 

 
Fig-3: System Description of the proposed FHR Health-Monitoring System 

 

The system description of the FHRM system involves the data collection block, the FHR 

transmission Block, Analysis and Processing Block, Risk Level Prediction Block and Alert 

Block. The data collection block collects the fetal heart rate from the maternal abdomen using 

a fetal Doppler enabled with Bluetooth. The transmission block involves transmitting 

collected FHR values from the fetal Doppler to the mobile device through Bluetooth 

technology. The analysis and processing block involves analyzing the received FHR values 

and processing them by comparison with the standard normal FHR values. The prediction 

block involves pinpointing the risk level the fetus is in based on the received FHR value. 

Alert block sends alert messages to the mobile device users as per the level of risk and 

emergency situations to alert them about the present status of the fetus. 
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Fig-4: Proposed System’s Module 

 

The system design involves three modules each having a procedural flow. The first module is 

the FHR Collection module, FHR Analysis module and emergency service module. The 

system operates in each module systematically and each module consists of a procedure 

further. 

 

 

 

 

Module for FHR Collection : 

 

This module includes collection of FHR from the maternal abdomen using a fetal Doppler 

enabled with Bluetooth. The user is first asked to register or login using the ID using the 

mobile device. Once logged in the fetal Doppler can be used to measure FHR. The FHR 

value is obtained and sent to the mobile device through Bluetooth enabled fetal Doppler. The 

module is depicted in the fig 5. 

 
Fig-5: Module for FHR Collection  

 

Module for FHR Analysis : 

 

The module involves comparing the values in a mobile device with the received FHR values. 

The values are processed and based on the analysis required alert information is transmitted 

to the users of the mobile device to alert about health status of the fetus. When acute 

emergencies arise the alert messages are sent to the hospitals to provide emergency facilities/ 

service/information and ambulance. 
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Fig-6:  Module for FHR Analysis  

 

 

 

 

Module for Emergency information: 

 

This module has three sub modules as in the fig7, first to track the nearest hospital, send the 

address to the user and request the hospital for emergency services, second to alert the user 

about the emergency by displaying alert messages and the third to alert the doctor about the 

health status of the patient by sending alert messages to the doctor. 

 
Fig 7: Module for Emergency information  
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5. CONCLUSION: 

 

A fetal heart rate monitoring system has been developed. The processed fetal heart rate can 

be easily detected and reliable fetal heart rate variation can be obtained by users and reliable 

advice can be obtained by a medical practitioner in case of an emergency. This system avoids 

any further complications induced from variations in the FHR by alerting the mother through 

alert messages on the smart phone immediately than following the procedure proposed in [3] 

where in the information is stored in the dock and forwarded to the medical practitioner 

thorough telephone lines which are not reliable which induces delay in emergency care 

rendered. This system is reliable, not cumbersome, flexible, portable and provides immediate 

medical emergency care when variations in the FHR are detected.  
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