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ABSTRACT 

Ambulatory recorders have been widely used in the acqulsltzon of adult 
electrocardiogram (ECG). Such an ambulatory system will also be beneficial for 
the recording of both the fetal and maternal ECG from the abdomen of pregnant 
women. This paper describes a device with the possibility of producing a fetal 
and maternal heart rate recorder system employing an ambulatory approach by 
using three electrodes for recording the abdominal signal. The signal is 
amplified and digitized by an amplifier and an analog to digital converter. The 
digitized signal is stored into static RAM (SRAM) and then downloaded to a 
personal computer (PC) through a serial interface circuit. Both the fetal and 
maternal heart rates can be measured from the downloaded signal. This paper 
also presents real data acquired by the constructed ambulatory recorder. The 
performance of the constructed recorder was found to be acceptable acquiring 
signal with system noise kept below 3 j.LV peak to peak. Such signals are suitable 
for the measurement and analysis of both fetal and maternal heart rates. 

ABSTRAK 

Perakam ambulatori telah digunakan secara meluas untuk memperolehi data 
elektrokardiogram (ECG) orang dewasa. Sistem mudahalih sebegitu akanjuga 
berguna untuk pengawasan ECG janin (FECG) daripada perut wanita yang 
hamil. Kertas ini mengkaji kemungkinan menghasilkan perakam kadar denyut 
jantung jan in yang boleh digunakan secara ambulatori dengan menggunakan 
tiga elektrod untuk merakam isyarat daripada perut ibu: lsyarat ini dibesarkan 
dan didigitkan oleh penguat dan penukar analog ke digit. Isyarat digit 
tersebut dirakam dalam SRAM dan seterusnya dihantar ke PC melalui 
antaramuka siri. Kertas ini juga memaparkan data sebenar yang diperolehi 
oleh perakam ambulatori yang dibina. Perakam yang dihasilkan didapati 
memuaskan denyan menghasilkan isyarat berhingar kurang daripada 3 j.LV 
puncak ke puncak. Isyarat tersebut adalah sesuai digunakan untuk pengukuran 
dan anal isis kadar denyut jantung ibu dan janin. 

INTRODUCTION 

The recent development of portable, self-contained equipments for biological 
monitoring such as Holter ECG monitor (Holter 1961) allows data collection 
from active subject over long periods of time. Such an ambulatory system 
would also be useful for the long term recording of abdominal signal. The 
existing fetal heart rate recorders have been used extensively to provide 
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clinicians with information with which they can assess fetal well-being 
during pregnancy. Normally, the fetal heart rate (FHR) is recorded by using 
ultrasound transducers but they are not suitable for long-term ambulatory 
use. Short term recordings can be performed by using the existing Doppler 
Ultrasound system but FHR abnormality may appear at any time and may 
therefore not be detected during the short-term recording. 

Twenty four hour recordings have been performed on women rested in 
bed by using three subcutaneous electrodes to acquire the abdominal ECG 
signal for FHR and MHR measurements (Patrick et al. 1982). However, this 
would be impractical for routine use. More information on the fetal condition 
is expected with the availability of a convenient mode for the long-term 
recording of FHR (Brown et al. 1981). 

This paper presents the development of a recorder in the effort to 
produce a long-term fetal and maternal heart rate recorder by using an 
ambulatory approach where three electrodes are used to record signal from 
the abdomen of pregnant women. This paper also presents the real data 
which have been acquired by the recorder. 

THE RECORDER DESIGN 

A block diagram of the ambulatory recorder is as shown in Figure 1. The 
recorder uses two electrodes to sense the abdominal signal and the third to 
reduce interference. The third electrode is attached over the wrist or waist 
of the patient. The most important consideration in the recorder design is the 
amplification of the FECG signals without distortion while minimizing all 
unwanted artifacts and interferences. The FECG is generally very weak and the 
amplitude is at most 60 ~V and can often be less than 10 ~V (Cox et al. 
1968).The main sources of interference are motion artifact. abdominal muscle 
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FIGURE 1. Block diagram of the ambulatory recorder. 
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activity, maternal ECG and 50 Hz power line interference (Akselrod et al. 1987). 
The highest power density of the maternal R-wave lies between 10 and 30 Hz; 
that of a fetal R-wave lies between 15 and 40 Hz (Bemmel et al. 1966). Thus 
the recorder amplifier should have a very high input impedance, high common
mode rejection ratio, and an appropriate gain and bandwidth. Considering these 
factors, the gain of the amplifier is set to 3000 with a bandwidth of 10-40 Hz 
which enhances the fetal and maternal R-waves, although motion artifacts and 
muscle noise cannot be removed altogether (Mohd Ali et al. 1993). 

The amplifier circuit consists of a low power, high-accuracy instrumentation 
amplifier chip (]NAI02) and a precision dual op-amp (OA) chip (TLc277C) 
which are operated from a ± 5 V supply. The amplified signal is sampled and 
digitized by using a 12-bit analog to digital converter (ADc). National 
semiconductor ADC 1225 is used providing very low power consumption of 
about 25 m W which is viable for use in an ambulatory system. The sampling 
frequency of the ADC is 500 Hz. The digitized signal is stored in a 16 bit static 
RAM (SRAM). The recorder uses counter circuit for memory addressing with 
provision for addressing up to 16 MB of memory. Only 256 KB is currently 
used in this recorder. The Rs232 interface circuit is used to transfer the stored 
data into a PC at a baudrate of 9600 bps. 

The recorder is powered by a 4 AA cells and has a power consumption 
of about 65 mW. A power supply within the recorder produces the - 5 V 
needed by the amplifier and the ADC. The amplifier, digital and interface 
boards of the recorder are housed within a case with natural anodized 
aluminum front panel and a built-in 4 X AA battery compartment. The 
dimension of the case is 190 X 130 X 68 mm. A photograph of the prototype 
recorder is as shown in Figure 2. The input and output connectors, LED 

indicators and control switches are all placed on the front panel. 

FIGURE 2. A photograph of the prototype recorder. 

RESULTS 

An ambulatory recorder for the recording of abdominal signals from the 
abdomen of pregnant women has been constructed. The recorded signal 
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could be downloaded to a PC for the processing and measurement of both the 
fetal and maternal heart rates. The following sections presents the 
characteristics of the recorder and real data from the recorder. 

CHARACTERISTICS OF THE RECORDER 

The recorder characteristics have been tested and measured in the laboratory. 
The characteristics are: 

Amplifier gain = 3000 
Bandwidth = 10-40 Hz 
CMRR = 98 dB 
Input Impedance = 400 MQ 
Supply Current = 50 rnA 
Leakage Current = 0.4 IlA 
Maximum Noise (when input is shorted) = 3 IlV peak to peak. 

REAL DATA FROM THE RECORDER 

Abdominal signals have been recorded from the abdomen of pregnant 
women by using the ambulatory recorder with three skin electrodes attached 
to the abdomen. The two electrodes which form a single lead pair are used 
to measure the abdominal voltage and are placed either vertically or 
horizontally on the maternal abdomen as shown in Figure 3. The vertical 
position is in the midline, with the positive electrode on the epigastrium and 
the negative on the infra-umbilical site. The horizontal position is with the 
positive electrode on the right side of the abdomen and negative on the left 
side of the abdomen. The third electrode, usually called the ground electrode, 
is placed either on the wrist or the side of the patientfs waist. After recording 
is completed, the recorded signal is downloaded to a PC through an RS232 
interface. 

FIGURE 3. Abdominal electrode sites 
(a) vertical, (b) horizontal. 

The abdominal signals have been recorded from the abdomen of 
several patients named as patient A, B, C and D. The signals were recorded 
in the house for patient A while the signals from patients B, C and D were 
recorded in the hospital. The electrodes were placed vertically and the 
third electrode was placed on the wrist of the patient for all recordings. 
Patient A was sitting down while patients B, C and D were lying down 
during the recording. The signals are as shown in Figures 4, 5, 6 and 7 
respectively. 
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FIGURE 4. The abdominal signal as recorded from patient A 
(39 weeks of pregnancy). 

2 

3 

3 

39 

12) 

o 

.a> 

·12) . 

120 

~ r---~--r---r---r-r-r---r---r---+---+-.-+---+---+I~ 

INO o 

~r---r---r---r---+---r---r---+---+---+---+---+---+~ 

.120 L-__ '--__ -'--__ -'--__ -'--__ -'--__ -'--__ -'--__ -'--__ -'--__ -'--__ -"-__ -'-- ·120 

o 

o 
12) 

!Wo .d..1. 

-12) 
o 

2 
lirre in Sec 

FIGURE 5. The abdominal signal as recorded from patient B 
(38 weeks of pregnancy). 
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FIGURE 6. The abdominal signal as recorded from patient C 
(39 weeks of pregnancy). 
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FIGURE 7, The abdominal signal as recorded from patient D 
(38 weeks of pregnancy), 
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Abdominal signals have been recorded from four patients at different weeks of 
pregnancy. In the case of patient A, the maternal R-waves are clearly seen and 
M indicates a maternal R-peak: in Figure 4. The maternal heart rate of patient 
A is about 100 BPM. However, the fetal R-waves cannot be observed although 
the maximum noise is only 3 flV. It can be concluded that from patient A the 
fetal signal may be less than 3 flV. In Figure 5 both the fetal and maternal R
waves are clearly seen even though the 50 Hz noise is present in the signal. In 
this figure M and F indicate maternal and fetal R-waves respectively. The 
maternal heart rate of patient B is about 90 BPM and the fetal heart rate is about 
135 BPM. The signal from patient C is shown in Figure 6. In this case only 
maternal R-waves are clearly seen but fetal R-waves can not be observed. The 
signal is affected by unwanted noise with a maximum magnitude of about 15 
flV. The maternal heart rate is about 75 BPM. The maternal R-peak: is about 80 
flV, but the fetal R-peak: of this patient may be less than 10 flV. The signal from 
patient D is shown in Figure 7. In this case both the fetal and maternal R-waves 
are clearly seen although the fetal R-peak: is very small at about 6 flV. The 
maternal R-peak: is about 40 flV with a rate of about 100 BPM. The fetal heart 
rate is about 120 BPM. The electrodes were placed vertically for all recordings 
because, normally, the fetus lies vertically within the abdomen during the late 
stage of pregnancy. For patient A, the signal has also been recorded by using the 
horizontal placement of electrodes but the fetal signal was also not observed. 
From this discussion, it is concluded that signal which is greater than 3 fl V can 
be recorded by using the ambulatory recorder. 

CONCLUSION 

This paper has presented an effort to develop a low power ambulatory 
recorder with the ability to record and download signals from the abdomen 



41 

of pregnant women. The abdominal signal is amplified, digitized and stored 
in 256 kwords of SRAM allowing a maximum recording time of about 9 
minutes with a sampling frequency of 500 Hz .. The recording time could be 
easily increased up to 24 hours by increasing the external memory size. 
When the recording is completed, the stored signal is transferred to a 
computer through an Rs232 interface. The fetal and maternal heart rates can 
be measured and analyzed from the downloaded signals. Further work is 
being carried out within our group to develop an ambulatory fetal and 
maternal heart rate monitoring system by the inclusion of a digital signal 
processor (DSP). 
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