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Abstract: Now telemedicine is producing a great impact for health care of the patients, especially who 
are located in the remote nonclinical environments. This paper presents a research work that concerns 
to implement simple customized and portable emergency medical care information for Fetal Electro 
Electrocardiography (FECG) monitoring system. The research work is included both the hardware and 
software. The hardware part is developed for abdominal Electrocardiography (AECG) data acquisition 
system. Individual algorithms and customized application software are developed using Visual Basic 
for both the networking and Fetal Heart Rate (FHR) monitoring systems. The hardware data acquisition 
system acquires the mother’s AECG data by using a commercial ECG frontend microchip, called 
CARDIC and stores the data in a local computer terminal. The networking application program serves 
the purpose to transfer the AECG data to the remote computer terminal for diagnosis purpose. The 
AECG signal is processed into the remote computer terminal and finally extracts the FECG signal by 
the FHR monitoring program. The networking program is developed by a client/server approach and it 
can transport the AECG data file as well as online chatting facility. A specialist physician at the remote 
terminal can diagnose the AECG data file and can be taken an immediate action if necessary. Proposed 
system is used to study numbers of cases and satisfactory result is found compared with conventional 
systems. 
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INTRODUCTION 

 
 Nowadays, telemedicine is emerging as a new area of health care, especially the patients who are located in 
the remote nonclinical environments or there is no expert physician. In telemedicine, a medical cares for FECG 
monitoring systems, usually consists of three major parts such as, data acquisition system, networking system 
and FHR monitoring system. The AECG data acquisition system acquires the mother’s AECG data and stores it 
in a local PC terminal. The networking application serves the purpose to transfer the AECG data to the remote 
computer terminal for diagnosis purpose. Finally, the AECG signal is processed in the remote computer terminal 
and extracts the FECG signal from the AECG signal. However, the total system is still huge in size, complex 
and costly for personal use. The AECG signal is contained various important signs of the fetus. The AECG 
signal can provide many significant information of the fetus like, heart rate, arterial blood oxygenation, blood 
pressure, respiratory-rate and so on (Hasan et al., 2009). An FECG monitor system can take care of the fetus 
during the maternal sleep, since most of the stillborn deaths occur in this time. The blood pressure of the mother 
also becomes lowest during this period and a cord compression may occur, especially in late term when there is 
a little space for the baby to move. The FECG monitoring system has potential uses to detect the fluctuation or 
decline the baby's ECG in time and allows some scope to take an appropriate medical intervention. To observe 
such abnormalities, the mainstay of fetal surveillance has approved compact, portable, long term ambulatory 
monitoring systems during pregnancy (Hasan et al., 2009).  
 
Methodology: 
 The research work has been divided into three major parts such as: (1) develop a compact portable ECG 
data acquisition system using CARDIC microchip. (2) develop an algorithm for networking system to transfer 
the AECG data file from local terminal to remote terminal, in addition online chatting facility and (3) develop an 
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algorithm for processing the AECG signal to extract the FECG signal and uses it automatic data analysis for 
FHR monitoring. The overall flow of the system is shown in Figure 1. 
 

 
 

Fig. 1: Basic block diagram of the overall system. 
 
Data Acquisition System: 
 The first stage of the FECG monitoring system is a high-quality data acquisition system. It is used to collect 
the maternal important AECG signal and sends it to a local computer through RS232 serial port. The system is 
designed based on a commercial ECG frontend ASIC hardware module named as CARDIC microchip. The 
system also consists of a microcontroller module (18F4550) for computer interfacing as shown in Figure 2. 
 

 
 
Fig. 2: AECG data acquisition system. 

 
 The overall activity of the system is controlled by the microcontroller. The data exchange between the 
CARDIC module and microcontroller is done by handshake protocol. When there is a data in the buffer of the 
CARDIC module it sends a request to the microcontroller and wait for acknowledge signal. After receiving the 
acknowledge signal the CARDIC module starts to send the AECG data to the microcontroller. The 
microcontroller sends the AECG data to a local computer via RS232 through an opto-isolator circuit. The local 
computer stores and processes the AECG signal for next applications.  
 
Networking System: 
 The networking part is developed by using Visual Basic based on client/server pair applications. It is 
comprised into two parts, one for real-time chatting and other for file transferring. The chatting section is used 
to establish a link between the patient (client) and the physician (server), so they can communicate to each other 
in real-time. On the other hand, the file transfer section is used to establish a network connection using TCP/IP 
protocol so that client terminal can transfer the data file(s) to the server terminal through the internet. A 32-bit 
IP address is used for identifying each of the computer terminals and makes it confirm that the data would be 
delivered to the right computer through the network. Similarly, a 16-bit number is used to define the individual 
port address of the system for multithreading applications.  
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Client/Server Program: 
 Client/server pair applications are used for the networking program. The client application software is 
loaded into a local PC terminal and named as Local Patient Monitoring System (LPMS). On the other hand, the 
server applications software is installed in the remote PC terminal and named as Remote Patient Monitoring 
System (RPMS). A screen snapshot of the application templates are shown in Figure 3.  
 

  

(a)        (b) 
 

Fig. 3: A Screen Snapshots of the Application Templates (a) LPMS (b) RPMS. 
 

 The network program is able to setup a connection between local and remote terminals via TCP/IP. When 
the network connection is successfully established, the client PC terminal can able to send the AECG data file to 
the server PC terminal. After processing the received signal, the specialist physician can examine the AECG, 
ECG and FHR signals through graph plot feature of the RPMS. In addition, both the client and server PC users 
can communicate to each other via a simple online chatting feature of the program, which is incorporated in 
both the LPMS and RPMS.  
 
Features of the Networking Program: 
Local Patient Monitoring System Provides: 
 Dial-up to a predefined hospital or clinic server and establishes a full duplex communication with RPMS. 
  Simple on-line chat/dialog session with the RPMS. 
 Transmit the AECG data to the RPMS. 
 
Remote Patient Monitoring System Provides: 
 Full duplex networks communication with the LPMS. 
 Simple online chat/dialog session with the LPMS.  
 Receives the AECG data file and heart bit sound data file via TCP/IP. 
 
 The networking module of the LPMS is worked with synchronization of its counterpart of the RPMS. The 
functions of these two modules can be established by a full duplex communication between the local or patient 
terminal and the remote or physician terminal (Vaze et al., 2008).  
 
Flowchart of the Networking Program: 
 The multithreading program is adopted for developing the networking modules. Each thread is an allocated 
part of the available resources. The multithreading is necessary due to requirement of the multitasking functions 
of the networking applications in the project (Konig et al., 2005). For example, the LPMS can be established a 
chatting session and simultaneously it can send the AECG data file. Figures 4(a) and 4(b) are the flowcharts of 
the networking modules for LPMS and RPMS respectively. At any instance, when the client wants to connect 
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with the port x of the server, the server assigns a thread and wait for connection at port x. When this connection 
is acknowledged by the server, client and server can easily communicate to each other through the port x.  
 

  
      (a) (b) 
Fig. 4: Networking program flowcharts (a) LPMS module and (b) RPMS module. 
 
 The file send and receive algorithm flowcharts are shown in Figures 5(a) and (b) respectively. The 
algorithms for file receive and send are almost similar, except in the case of file receive, data will be read from 
the I/O stream, conversely data would be wrote out to the I/O stream for sending a file. The socket and I/O 
stream will be remained open till to the RPMS will be existing. 
 The chatting session module is intended to provide a mean of communication between the patient at LPMS 
and physician at RPMS. This is necessary because the physician cannot only know the patient’s health condition 
through the data file, but also can provide his/her some important medical advices. In case of received data or 
file is corrupted, the physician can request for retransmission. Figure 5(c) shows the program flowchart for chat 
session. The logical flow of this module has similarity with the file handling module.  
 

 
 
Fig. 5: Program flowcharts (a) file send module, (b) file receive module and (c) chat module. 
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Data Processing Algorithm: 
 The FECG data processing algorithm is one of the crucial parts for processing the AECG signal to extract 
and detects the fetal and maternal R peaks (Campbell et al., 1984). The algorithm is developed based on digital 
filtering, adaptive thresholding and statistical properties of the AECG signal in the time domain, as shown in 
Figure 6(a). The AECG signal of the maternal abdomen can be expressed as Equation (1). 
 

          (1) 
 
 Where,  is the modulation function for respiration,  is the MECG signal,  is the FECG signal, 

 is the noise signal and  is the low frequency baselines (due to mother’s muscle movement and less 
than 10 Hz). After filtering the AECG signal, Equation (1) can be expressed as Equation (2). Equation (2) 
contains only the maternal and the fetal ECG signals with a small noise. 
 

           (2) 
 
 The algorithm then detects the maternal QRS complexes by threshold the maximum value of the match 
filter output (Matonia et al., 2006). An MECG template is formed from the successfully detected maternal QRS 
complexes using the R peak as the fiducial point (Ahmed et al., 2002). This routine first measures the slope of 
the matched filter output with the Equation (3). 
 
′ 1            (3) 

 
 It can be assumed that there is a maxima at the sample 1 , when the slope changes from ′ 1
0 to ′ 0. This duration is assumed the minimum fetal QRS duration. In this search routine, the time 
instant of the three maxima that is, m1 > m2 > m3 are stored within an R wave search interval. When the value of 
m1 is greater than threshold value, an R peak is assumed found and the value of m2 is taken as a noise peak. 

 

 
 

Fig. 6: (a) Block diagram of the developed algorithm and (b) Flows of the algorithm for threshold updating. 
 
 If the value of m2 is validated as the R peak, then m3 is kept as a noise peak. The threshold is updated to 
change the R peak and noise level. The running average routine is used to average the MECG signal, fetal 
QRS signal, noise peak and the RR intervals. The bth value of the running average  can be expressed by the 
Equation (4). 
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1 1           (4) 
 

Here, 
,

,
 and, 1 ) is the previous average, B = 32 and  is the new value. 

 
 The largest maximum value of m1 compares to an initial threshold in the initialization routine (about 10 
V). If the value of m1 is not greater than the threshold, the initial routine is repeated for another 1.024 sec. If 
the MHR is assumed a maximum value of 120 beat per minute (BPM), then at least two maternal R waves can 
be found in this search routine. Whether m2 is an R peak or a noise, it can be determined by comparing its 
instant MPK2 and TM2 values with the corresponding instant MPK1 and TM1 values of m1 respectively. If these 
values are comparable to each other, then the maximum value of m2 is accepted as an R peak, Equations (5) 
and (6) are given the criteria. 
 
2 2 1            (5) 
 
| 2 1| 512            (6) 
 

If there are two peaks within this search interval, the more recent detected peak is confirmed as the first R 
wave equal to R1 for the RR interval. In this case, the criterion (TM1-TM2) is used as positive and m1 is taken as 
most recent peak or vice versa. The value of m3 is then considered as a noise peak and the threshold TH1 is 
updated based on the level of the signal peak SPK1 and noise peak NPK, which is given by the Equation (7). 

 
1 0.25 1          (7) 

 
 The threshold TH1 is then used to search the next R peak by the next peak search routine. At the beginning, 
both the subtraction and MECG template formation are done simultaneously. This procedure is continued over 
240 ms and two samples can be obtained. At the end of this routine, the samples of maternal QRS template are 
copied to the data memory of the maternal template section. The thresholds, TH1 and TH2 are used to detect the 
fetal and maternal QRS complexes, by using Equations (8) and (9), respectively. 
 

1 1 0.25 1 1          (8) 
 

2 0.5 1           (9) 
 
 In order to adjust the irregular heart rates, every two successive R intervals average are maintained 
throughout the program. When the value of m1 is greater than the value of TH1, the routine is validated and 
saved it in the memory. If the value of m1 is less than the value of TH2, the program branches to a signal loss 
subroutine before to continue this search routine. In the signal loss subroutine, the total samples are counted 
from the last R peak with a tag indicator, which no R peak has found. At the end of this subroutine, the 
thresholds values are again updated based on the value of m1, by Equations (10) and (11), after that all the 
maximum values are made clear. 
 

1 2.5 1           (10) 
 

2 0.5 1           (11) 
 
 The program then branches to validate, save and update the subroutines. The validated subroutine will 
check the value of the second largest local maxima of MPK2. If MPK2 is greater than TH1, the QRS template is 
compared with the R wave’s m1 and m2 and between them one is considered as an R peak, which has the least 
mean square error. The other is considered as a spike of the signal and the instant value of TS is saved in the data 
memory for using fetal R peak validation routine. However, if m2 has the larger error, its position is saved only 
when the following condition is satisfied. 
 

2 0.5 1           (12) 
 
 The smaller m2 error may be associated with an actual fetal R peak. The position TS is given a negative 
value in absence of a spike.  
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RESULTS AND DISCUSSION 
 
 We have studied our system with a number of cases for transmitting and receiving the pregnant data file. 
After processing the received file, it is shown almost same result as the original data file. Table 1 shows an 
example of such a result for a patient of 38 weeks of pregnancy. The MHR and FHR data of the developed 
system are compared with the practical MHR and FHR data and is found a good matching. The chatting part of 
the network program is also worked well. The developed system and algorithms are able to extract both 
maternal and fetal heart rates in real-time utilizing a single-lead configuration. A simultaneous ECG signal from 
the same subject is downloaded into the proposed system and processes for comparison purpose. A screen 
snapshot such an example is shown in Figure 7. From Figures 7(a) and (b), it is found that both graphs are 
carried almost same features of the maternal ECG signal and generate almost same nature of graph plot.  
 
Table 1: FHR and MHR extract from AECG signal by using proposed algorithm. 

At LPMS Terminal At RPMS Terminal At LPMS Terminal At RPMS Terminal 
Time FHR MHR FHR MHR Time FHR MHR FHR MHR 
Minit Bit/Minit Bit/Minit Bit/Minit Bit/Minit Minit Bit/Minit Bit/Minit Bit/Minit Bit/Minit 

0 140 75 145.5 78 62.5 133 75 130 76.5 
2.5 140.5 74 146 71 65 130 76.5 133 78 

5 143 74.5 142.5 73 67.5 135.5 77 138.5 75 
7.5 139 75 141.5 77 70 137 78.5 138 81 
10 142.5 75.5 141.5 79 72.5 138 79.5 140 81.5 

12.5 142 76 145.5 78.5 75 138.5 81.5 141.5 79.5 
15 141 75.5 138.5 74 77.5 139 82 137 82.5 

17.5 143.5 76.5 140.5 79 80 138 80 141 83.5 
20 143 78 142.5 81.5 82.5 139.5 79 136.5 77.5 

22.5 142 78.5 145.5 83.5 85 141 78 144 75.5 
25 141 79.5 139 81 87.5 142 78 143.5 81 

27.5 139.5 80 143.5 80 90 141.5 79.5 142.5 77.5 
30 139 81.5 135 86 92.5 143 80 146.5 83.5 

32.5 139.5 80 137.5 81 95 146 81.5 149 85 
35 138 81.5 135.5 83.5 97.5 148.5 82 151.5 80.5 

37.5 136.5 80 138.5 82.5 100 145.5 83.5 147.5 84.5 
40 134 78.5 131 80.5 102.5 144 84 141.5 86.5 

42.5 134.5 80 136.5 82 105 142 85.5 141.5 85.5 
45 132 78 129 74.5 107.5 143 84 147.5 86.5 

47.5 130 76 139 78.5 110 144 83.5 146.5 86 
50 129 76.5 126 74 112.5 144.5 83 148.5 80.5 

52.5 127.5 74.5 125 71.5 115 143 83.5 146.5 81.5 
55 128 75 127 76.5 117.5 142 82.5 144.5 82.5 

57.5 130 74.5 133.5 70.5 120 141 82 137.5 83.5 
60 132.5 76 134.5 76.5 122.5 143 83 145 85 

 

 
(a) 

 

 
(b) 

Fig. 7: Graphical comparison of maternal ECG by (a) proposed system and (b) commercial BIOPAC system. 
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Conclusions: 
 The performance of the proposed system for determining the FHR depends on the FECG signal, which 
is obtained by subtracts the average MECG signal from the AECG signal. The performance of the system 
also depends how large the amplitude of FECG signal compares to the amplitude of AECG signal. If the FECG 
signal amplitude is less than 3 V, in this situation correct detections of the fetal R peaks would not be possible. 
The TCP/IP provides a reliable point-to-point communication channel and by using client-server applications to 
transfer the AECG signal and online chatting facility through Internet.  
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