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Abstract – The paper present a various techniques that enables the investigations of the fetal heart rate (FHR) fluctuations. Later, the common 

problems associated with these techniques are discussed with some solutions. A non-invasive technique is also proposed for fetal ECG 

monitoring. The proposed system will be designed to measure the fetal heart rate variability for the evaluation of autonomic nervous system 

(ANS) and to investigate its development as a function of the gestational age and body mass index (BMI). This will be a real time new method to 

assess instantaneous fetal heart rate variation (beat to beat) during gestation period with automated analysis of FHR variability using Doppler 

ultrasound method. The method will consists of three steps: Doppler envelope filter, variable threshold detector and non retriggerable 

monostable multivibrator having adjustable pulse width for heartbeats detection. The performance parameters will be i) coefficient of variance 

(CVRR) as an index of parasympathetic activity, and ii) a low frequency/high frequency (LF/HF) ratio as a sympathetic activity. The R–R 

interval variability will show the variation between consecutive heart beats, change over time was eventually adopted to calculate for time-

domain, frequency domain analysis. In the frequency domain analysis power spectral density (PSD) of the RR series will be calculated by 

analyzing powers and peak frequencies of different frequency bands.  

 
Index Terms –Fetal ECG, Ultrasound, FHR, ANS, BMI. 

________________________________________________*****______________________________________________ 

I.  INTRODUCTION 

 Heart rate is a variable signal and provides a balance 

between the sympathetic and parasympathetic nervous systems. 

The heart rate variation may contain indicators of present 

disease, or warnings about impending or future cardiac 

vascular diseases. These indicators may be present at all times 

or may occur at random during certain intervals in the time 

scale. It is difficult and time consuming to pinpoint these 

abnormalities in a huge cardiac data. Heart rate variability 

(HRV) constitutes a tool for assessing the activities of the 

autonomic nervous system (ANS). In this work, a computer 

based analytical system will be proposed to find the heart rate 

and analyzed it to obtain HRV Power-spectrum for 

investigation of the ANS during fetal gestational development. 

Here, the indices such as HRV power-spectra power values (= 

areas under the power-spectrum plot between spectral peaks) 

and frequency shift of the peaks from their normal frequency 

values will be calculated. The efficacy and sensitivity of these 

indices will differentiate between normal and abnormal growth 

of fetal [1]-[6]. 

 

II.  VARIOUS TECHNIQUES FOR FETAL ECG MONITORING 

 

Heart Rate Variability (HRV) was first used clinically in 1965 

when Hon and Lee noted that fetal distress was accompanied 

by changes in beat-to-beat variation of the fetal heart rate, even 

before there was detectable change in heart rate. HRV refers to 

the beat-to-beat alterations in heart rate. Stress, certain cardiac 

diseases, and other pathologic states affect on HRV. Here we 

talk about HRV; we actually mean variability of RR intervals. 

HRV measurements analyze how these RR intervals, which 

show the variation between consecutive heartbeats, change 

over time [3]. Analyses based on the time and frequency 

domains of heart rate variability using Doppler ultrasound 

method enable an evaluation of fetal ANS diagnostic indices. 

These diagnostic indices derived from fetal heart rate data can 

be utilized to predict the fetal future life growth and can be 

utilized for preventive measures. Our design system not only 

measures heart rate variation but also heart rate power 

spectrum which can be utilized for determining diagnostics 

indices helpful for the medical community. 

Paulo C. Cortez et al. proposes a FHRV analysis based on 

the evaluation of time domain parameters (statistic measures); 

frequency domain parameters; and the short and long term 

variability obtained from the Poincare plot. A normal 

distribution is presumed for each parameter and a normality 

criterion is proposed. Specific and overall classifications are 

proposed to help improve the fetal conditions interpretation, 

expanding the conventional FHR analysis [9]. 

A method of estimation of a fetus condition includes 

abdominal ECG registration, correlation processing of the 

received data, fetal R-R intervals allocation, estimation of 

distribution parameters and diagnostic index calculation, 

describing activity of sympathetic nervous system of fetus. 

This technique is used in real-time mode and serves as an 

approach to the problem of fetal stress diagnostics by means of 

maternal abdominal ECG processing [10]. 

An analysis based on heart rate variability in normal 

subjects of various age groups using the various time domains, 

frequency domain and nonlinear parameters show that, with 

aging the heart rate variability decreases [11]. 

Janusz Jezwski et al. compared Doppler ultrasound and 

direct electrocardiography acquisition techniques for 

quantification of fetal heart rate variability, and showed that 

evaluation of the acquisition technique influence on fetal well-

being assessment cannot be accomplished basing on direct 

measurements of heartbeats only. The more relevant is the 

estimation of accuracy of the variability indices, since analysis 

of their changes can significantly increase predictability of 

fetal distress [12]. 
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An estimation of fetal autonomic state by time-frequency 

analysis of fetal heart rate variability confirmed that there is a 

neural organization during the last trimester of the pregnancy, 

and the sympathovagal balance is reduced with the gestational 

age [13]. 

Time-domain and frequency domains analysis of heart rate 

variability using fetal magnecardiography enable an evaluation 

of fetal autonomic nervous system (ANS) activity. The result 

show that sympathetic nervous activity increased with 

gestational age in the normal pregnancy group [14]. 

A heart rate variability non-invasive monitoring of 

autonomic nervous system function special measurements, 

based on time and frequency domain analysis was introduced 

[15]. The results show that, heart rate variability gives many 

parameters that are related to the functioning of two branches 

of autonomous nervous system: sympathetic and 

parasympathetic system. 

The HRV indexes are obtained by analysing the intervals 

between consecutive R waves, which can be captured by 

instruments such as electro-cardiographer, digital-to-analog 

converter and the cardio-frequency meter, from external 

sensors placed at specific points of the body. The results show 

that, changes in the HRV patterns provide a sensible and 

advanced indicator of health involvements [16]. 

A novel technique for fetal heart rate estimation from 

Doppler ultrasound signal on a beat-to-beat basis offers a high 

accuracy of the heart interval measurement enabling reliable 

quantitative assessment of the FHR variability, at the same 

time reducing the number of invalid cardiac cycle 

measurement [18].  

III.  SOME COMMON PROBLEMS 

Analysis of Doppler envelope is difficult due to a complex 

structure of the signal comprising components originating from 

particular events of the cardiac cycle. Additionally, the shape 

of envelope changes from beat to beat. Amplitude-based 

detection methods are less accurate because they may detect 

events that do not correspond to each other in consecutive 

cardiac cycles. This consequently leads to incorrect interval 

determination. Earlier, the processing of acquired signals was 

implemented using LABVIEW environment virtual 

instrumentation software system which was costly. 

IV.  SOME COMMON SOLUTIONS 

R-R interval indicates instantaneous heart rate which is (1/T 

*60) beats per minute. This can be derived from 

electrocardiogram (ECG) by measuring the time between two 

consecutive QRS complexes. Same results are expected by 

measuring the time between the two consecutive movements of 

the same part of the fetal heart. So by focusing the Doppler 

ultrasound signal on the fixed part of the fetal heart, the 

waveforms generated are proportional to the velocity of the 

movements of that part which can be used for detection of the 

same event in the consecutive cardiac cycle. So detected 

waveform can be correlated to QRS complexes of the 

consecutive cardiac cycles. This can be validated by measuring 

time between two QRS complexes and at the same time 

measuring time between two detected events from Doppler 

ultrasound transducer. Timing diagram of direct 

electrocardiography and Doppler ultrasound method for HRV 

signal detection is shown in Fig. 1. If practically T1= T2 for 

the duration of the test procedure then it can be assumed that 

the HRV signal produced either by direct electrocardiography 

or Doppler ultrasound can be similar. Hence analysis will be 

similar. 

 
Fig. 1. Timing diagram of direct electrocardiography and Doppler ultrasound 

method for HRV signal detection. 
 

Fetal heart rate signals will be recorded using Dipel make 

Doppler ultrasound (DFM-051) machine as can be seen from 

Fig. 2. Here, Doppler electrodes will be placed on mother’s 

abdomen. The monitor will be equipped with ultrasound 

transducer which continuously emits (with repetition frequency 

of 3 kHz) 2 MHz ultrasound waves of a very low power 1.5 

mw/ cm
2
. The wave reflected from moving parts of fetal heart 

(walls or valves) returns to the transducer, which has receiving 

elements. Frequency shifts between emitted and reflected 

waves is caused by the Doppler Effect and provides 

information on the speed of moving object on which the 

ultrasound beam is focused. 

Doppler ultrasound transducer will be held on patient 

abdomen in the direction such that ultrasound waves emitted 

will pass the fetal heart movement. The reflected waves from a 

moving fetal heart rate are received by receiving element in the 

transducer. This signal will be fed to the RF amplifier (2 MHz) 

and FM demodulator to detect the movement of the fetal heart. 

Demodulated detected waveform will have definite events 

relating to contraction and relaxations of fetal heart. Each 

event will be a combination of different frequency components 

relating to motion of fetal heart and angle of incidence of the 

ultrasound wave on it. This signal will then passed through 

envelope filter (Band Pass Filter 22 Hz) with centre frequency 

of 22 Hz which results in generating two simple peaks per 

cardiac events. This signal will then pass through a variable 

threshold detector where threshold is kept at half the peak 

value of incoming signal. 

Two separately detected pulses then pass through a 

non retriggerable monostable multivibrator for avoiding 

double triggering of a single cardiac event. The adjustable 

pulse width for this monostable multivibrator is 50 ms to 200 

ms giving fetal heart rate range up to 300 BPM. This output 

will be then given to a personal computer USB port for HRV 

analysis. At the same time, Doppler signal related to heart 

movements and contained in the audio frequency range (from 

0.2 to 1 kHz) will be fed to the speaker, which helps in correct 

http://www.ijritcc.org/


International Conference On Emanations in Modern Technology and Engineering (ICEMTE-2017)                           ISSN: 2321-8169 

Volume: 5 Issue: 3                                                                                                                                                              284 - 287 

__________________________________________________________________________________________________________________ 

286 

IJRITCC | March 2017, Available @ http://www.ijritcc.org (Conference Issue) 

_______________________________________________________________________________________ 

positioning of transducer on maternal abdomen. The maternal 

and per abdomen ECG will also can be monitored during the 

process for separate filtering and evaluation studies [5]. 

 

Fig. 2. Conceptual diagram of the real time hardware for Doppler ultrasound 

signal analysis. 

 

V.  CONCLUSIONS 

Various techniques that enable the investigations of the fetal 

heart rate (FHR) fluctuations are discussed. Solutions on 

various problems associated with all these techniques are 

discussed. A non-invasive technique is also proposed for fetal 

ECG monitoring. The proposed system will be designed to 

measure the fetal heart rate variability for the evaluation of 

autonomic nervous system (ANS) and to investigate its 

development as a function of the gestational age and body 

mass index (BMI). This will be a real time new method to 

assess instantaneous fetal heart rate variation (beat to beat) 

during gestation period with automated analysis of FHR 

variability using Doppler ultrasound method.  

REFERENCES 

[1] K .D. Desai, Manoj S. Sankhe, “A Real-Time Fetal ECG Feature 

Extraction Using Multiscale Discrete Wavelet Transform, ”5th 

International Conference Biomedical Engineering & 

Informatics, BMEI, Chongqing, china, pp 279–284, 2012 

(Appeared in IEEE Explorer). 

[2] K.D. Desai, Satish D. Jadhav, Manoj S. Sankhe, “A Comparison 

and Quantification of Fetal Heart Rate Variability using 

Doppler Ultrasound and Direct Electrocardiography 

Techniques,” International Conference on advances in 

Technology, ICATE ,Mumbai, India. 2013(Appeared in IEEE 

Explorer). 

 [3] K. D. Desai, Manoj S. Sankhe. Heart Rate Variability Power 

Spectrum as Health Signature, Techno-path, Journal of Science 

& Technology Management, Vol 3 No 2 :pp 46-53, 2011.  

[4] K.D.Desai, “A System for the detection of Diabetic Myocardial 

Infarction,” Ph. D. Thesis V.J.T.I., Bombay,1996.  

[5] Manoj S. Sankhe, K. D. Desai, Mohan A. Gadam, “Assessment of 

fetal autonomic nervous system activity by abdominal Doppler 

ultrasound recordings” Health Tech Innovations – 2015 

Conference, organised by Society Applied Microwave 

Electronics Engineering & Research (SAMEER), IIT Bombay 

under the aegis of Department of Electronics and Information 

Technology , Government of India in technical collaboration 

with National Health Systems Resource Center (NHSRC) & 

Indian Council of Medical Research (ICMR), awarded as Best 

Concept note under the theme Technology Innovations in 

Diagnostic / Prognostic. 

 [6] K. D. Desai, Manoj S. Sankhe, “Correlations of Fetal Cardiac 

Sympathetic Activity with Maternal Body Mass Index”, 

Indicon, 2013, IIT, Powai, Mumbai. 

 [7] Manoj S. Sankhe, K. D. Desai, “Fetal heart rate variability: 

multiple regression models using autoregressive analysis and 

fast Fourier transform”, IBICA (2015), Kochi, India, Spriger 

proceedings: advance in intelligent systems and computing; 

eBook ISBN: 978-3-319-28031-8, Softcover ISBN: 978-319-

28030-1, pp 447–462, 2015.  

[8] Faezeh Marzbanrad, Yoshitaka Kimura, Kiyoe Funamoto, Rika 

Sugibayashi, Miyuki Endo, Takuya Ito, Marimuthu 

Palaniswami, Ahsan H. Khandoker, “Automated Estimation of 

Fetal Cardiac Timing Events From Doppler Ultrasound Signal 

Using Hybrid Models,” IEEE Journal of Biomedical and 

Health Informatics, Vol. 18, No. 4, pp 1169-1177, July 2014.  

[9] Paulo C. Cortez and João P. V. Madeiro, Fernando S. 

Schlindwein, “Classification System for Fetal Heart Rate 

Variability Measures Based on Cardiotocographies ,” Journal 

of Life Sciences and Technologies, pp 184-189, 2013.  

[10]V.Kalakutskij, V.Konyukhov, E.Manelis, “Estimation of Fetal 

Heart Rate Using Abdominal ECG Recordings,” IFMBE 

Prosceddings, 2nd European Medical and Biological 

Engineering Conference, Vienna, 2002.  

[11]Rajendra Acharya U, Kannathal N, Ong Wai Sing , Luk Yi Ping 

and Tjileng Chua, “Haert rate analysis in normal subjects of 

various age groups,” Biomedical Engineering Online, 24, pp 1-

8,2004.  

[12]Janusz Jezwski, Janusz Wrobel, Krzysztof H oroba, 

“ Comparision of Doppler Ultrasound and Direct 

Electrocardiography Acquisition Techniques for Quntification 

of Heart Rate Variability,” IEEE Transactions on Biomedical 

Engineering. Vol.53,No.5.pp 855-863,2006.  

[13] Maya David, Michael Hirsch,Jacob Karin, Eran Toledo, and 

Solange Akselrod, “An estimate of fetal autonomic state by 

time-frequency analysis of fetal heart rate variability,” J Appl 

Physiol 102: 1057–1064, 2007.  

[14] Akimune Fukushima, Kenji Nakai, Manabu Itoh, Hitoshi 

Horigome, Akira Suwabe, Kojorou Tohyma, Kouichiro 

Kobayashi, Masahito Yoshizawa, “ Assessment of Fetal 

Autonomic Nervous System Activity by Fetal 

Magnetocardiograph,”Clinical Medicine: Cardiology, 2: pp 

33–39, 2008.  

[15] Meldijana Omerbegovic, “Heart Rate Variability – Noninvasive 

Monitoring of Autonomic Nervous System Function,” 

Professional Paper, pp 53-58, 2009.  

[16] Luiz Carlos Marques VANDERLEI, Carlos Marcelo PASTRE, 

Rosângela Akemi HOSHI, Tatiana Dias deCARVALHO, 

Moacir Fernandes de GODOY , “Basic notions of heart rate 

variability and its clinical applicability,” Rev Bras Cir 

Cardiovasc, 24(2);pp.205-217, 2009.  

[17] Joachim Taelman, Steven Vandeput, Devy Widjaja, Marijke 

AKA Braeken, Ren´ee A Otte, Bea RH Van den Bergh, Sabine 

Van Huffel, , “Stress during Pregnancy : Is the Autonomic 

Nervous System Influenced by Anxiety? ”, Computing in 

Cardiology, 37:pp 725-728, 2010.  

[18]Janusz Jezewski,Dawid Roj,Janusz Wrobel and Krzysztof 

Horoba, “ A Novel Technique for Fetal Heart Rate Estimation 

from Doppler Ultrasound Signal,” Biomedical Engineering 

Online ,10:92 pp 1-17, 2011.  

[19] Sumana Panja, Kaushik Bhowmick, Nachal Annamalai and 

Shobha Gudi, “A study of cardiovascular autonomic function 

in normal pregnancy ,” Al Ameen J Med Sci; 6(2) : pp170-

175,2013. 

[20] Dominique Acolet, Anna Springett, Shona Golightly, 

“Confidential Enquiries into Maternal and Child Health 

(CEMACH), Perinatal Mortality 2006, ” England, Wales and 

Northern Irealands, April 2008.  

http://www.ijritcc.org/


International Conference On Emanations in Modern Technology and Engineering (ICEMTE-2017)                           ISSN: 2321-8169 

Volume: 5 Issue: 3                                                                                                                                                              284 - 287 

__________________________________________________________________________________________________________________ 

287 

IJRITCC | March 2017, Available @ http://www.ijritcc.org (Conference Issue) 

_______________________________________________________________________________________ 

[21] Riffat Jaleel, “Impact of Maternal Obesity on Pregnancy 

Outcome ,” Journal of Surgery Pakistan (International), 14 (1) 

January - March 2009.  

[22] Task Force of The European Society of Cardiology and The 

North American Society of Pacing and Electrophysiology, 

“Heart rate variability Standards of measurement, physiological 

interpretation, and clinical use,” European Heart Journal 17, pp 

354–381,1996.  

[23] U. Rajendra Acharya, K. Paul Josep N. Kannathal Choo Min 

Lim , Jasjit S. Suri “Heart rate variability: a review,” Med Bio 

Eng Comput 44:1031–1051,2006.  

[24] Juha-Pekka Niskanen, Mika P. Tarvainen,Perttu O. Ranta-aho, 

and Pasi A. Karjalainen “Software for advanced HRV 

analysis,” Computer Methods and Programs in 

Biomedicine ,2002.  

[25] Sheldon M.Ross, “Introductory Statistics,” Academic Press, 2 nd 

Edition, 2006. 

http://www.ijritcc.org/

