








diagnostic excitation signal. In the ultrasonic excitation circuit, transformer coupling is employed to
realize impedance matching and ultrasonic excitation circuit is imposed on the two ends of the probe
array element. In addition, this ultrasonic high-frequency excitation source is generated by a CPLD
(EPM570T100C5N) made by Alterain USA, which is an ultrasonic excitation control core unit. The
CPLD generates a high-frequency pulse excitation signal source through Verilog language
programming, and then an EL7222 is used to amplify the high-frequency pulse excitation signal. A
transformer T1 is used as an insulator between the excitation circuit and ultrasonic probe.
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Fig. 3 Electric diagram of the ultrasonic excitation circuit.

Ultrasonic echo detection cir cuit

As the ultrasonic echo signals are weak [6], it is difficult to distinguish multiple invalid echo
signas from various interferences. Therefore, in order to improve the SNR of echo signals, an
OPA2356 is used as a band-pass filter (the fetal Doppler shift frequency generally varies from 50 Hz
to 200 Hz [5]) to reduce the influence of interfering signals, and an amplifier is used to pre-amplify
the valid echo signal and ADC10321 is used to ADC sample the signal in this work. Afterwards, the
ultrasonic echo signal is sent to the CPLD for digital filtering, windowing processing, digita
multiplying, and dataintegration. Finally, the CPLD cal culates the value of Doppler shift and the FHR
is obtained. The electric diagram of the ultrasonic echo detection circuit is presented in Fig. 4.
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Fig. 4 Electric diagram of the ultrasonic echo detection circuit.
Power module

Fig. 5 Circuit diagram of the power module of this proposed system.
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The system is powered by a single 12V DC power supply. The 12V voltage is transformed into
5V by aLM2576 (a DC-DC converter), which isin turn transformed into 3.3V by a RT9193 to supply
power for the MCU. Additionally, the MP1482 is used to generate 8V to supply the ultrasonic driver
chip (EL7222). Our proposed system starts in standby mode after the power supply is switched on,
and the MCU enters the normal operating mode when the boot button is pressed. Whether therelay is
open or closed is decided by Q1, which is controlled by the MCU. When the relay is closed, a 3.3V
voltage is generated by MP2359, which supplies periphera circuits. To reduce the system power
consumption as much as possible, we implement the following procedure when ultrasonic echo
signals cannot be detected by the ultrasound probe within 50 s: the MCU closes the relay to cut off the
power supply for the peripheral circuits and the ultrasonic driver circuit, until the measure button is
re-pressed, which restarts the relay K1 in order to supply power. The power module circuit diagram is
presented in Fig. 5.
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Fig. 6 Software flow chart of the proposed system.

Our proposed FHR detecting system adopts several ways to reduce the system power
consumption. Before starting, the MCU is in low power standby mode, while power supply to the
peripheral circuits and ultrasonic excitation circuit is cut off. As the system is in norma operation
mode, if the ultrasound probe does not receive valid echo signals within 50 s, the MCU controls the
relay K1 to shut down power to the periphera circuits and ultrasonic driver circuit. Meanwhile, the
system enters a low-power standby mode until it is restarted by pressing the power button. When the
system reboots, the MCU starts initializing, then switches on the relay K1 to supply power to the
peripheral and ultrasonic driver circuits, after which an initialization procedure takes place in the
CPLD. Under control of the MCU, the ultrasonic excitation pulse signas with 1 MHz
center-frequency are generated though the CPLD. These signas are then amplified by the driver
amplifier circuit and transmitted to the ultrasonic probe after impedance matching. Furthermore, the
probe also receives the ultrasonic echo signals, which are sent to the CPLD for further processing after
hardware filtering, amplification, and ADC acquisition. After the CPLD receives the FHR digital echo
signal, the first echo signals will be generated after depth selection of ultrasonic detection and will be
windowed though a windowing function sequence. Consequently, two preset echo signas are
produced: signal | is obtained by integrating the product of one preset echo signal with its cosine
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expansion series, while signal Q is obtained by integrating the product of the other preset echo signa
with its sine expansion series. The CPLD then sends the two signals to the MCU for display, and the
heartbeat rate can be obtained as an output via V S1003. Meanwhile, as the MCU receivesthe | and Q
signals, it sends control commands to the CPLD to feedback-control the echo excitation output
module. In addition, the output of the speaker volume can be adjusted by a knob controlled by STM32.
The operation instruction of the button can be recognized by MCU using the external interrupt control
method. Finaly, the detection depth and ultrasonic power can be adjusted by the CPLD. The software
flow chart is shown in Figure 6.

System functionality testing

Table 1 Comparison data and accuracy anaysis of our proposed FHR detection system
TesingNo.  ALK(Sweden) PS-320 different fetal simulator signals (per min)

PS-320 Output 60 90 120 150 180
Sonoline B (per min) 59 90 119 152 177
Accuracy -SonolineB (%)  98.3% 100% 99.2% 98.6% 98.3%

H3-T (per min) 62 88 123 147 181
Accuracy -H3-T (%) 96.7% 97.8% 97.5% 98.0% 99.4%
Our system (per min) 58 89 121 148 177
Accuracy of thissystem(%) 96.7% 98.8% 99.1% 98.7% 98.3%
Average accuracy of this system (%) 98.32%

To test the accuracy and reliability of this portable ultrasonic FHR detection system, two
commercially available high-precision portable fetal heart detectors were chosen for comparison. In
our experiments, the PS-320 produced by the ALK company in Sweden was used to generate 90, 120,
150, 180 beatsmin fetal simulator signals. Our proposed FHR detecting system, the Sonoline-B
designed by Kangtai in China, and the H3-T manufactured by Belbinfeng in China are used to
measure those five fetal simulator signals for 10 min. Table 1 shows the averaged FHR values
recorded during that period, along with the data for 15 experiments, with accuracy analysis of the
three apparatuses.
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Fig. 7(a) Splash screen of this proposed system; Fig. 7(b) Screenshot of practicality display.

As shown in Table 1, our portable FHR detecting system was used to measure the five feta
simulator signals and the results demonstrate an accuracy consistently greater than 96%, with an
average value of 98.32%. This value is comparable to those of the two other FHR measuring devices,
the Sonoline-B (98.88%) and the H3-T (97.88%). This illustrates that our proposed system is not
significantly different from the two commercially available apparatuses, and indicates that our
portable ultrasonic Doppler fetal heart rate detection system has the advantage of high accuracy.
Therefore, our proposed portable FHR detection system can be widely applied for fetal cardiac health
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monitoring for improvement of population quality.

In addition, in order to further test the functionality of the system, we conducted an experiment on
a pregnant woman with an 18 week old fetus. Fig. 7 (a) shows the splash screen and Fig. 7 (b) shows a
screenshot of the practicality appearing during the experiment. In the latter, the velocity curve of the
Doppler shift signal has a high SNR, and the output amplitude as well as the frequency range of FHR
meet the design requirements. The current detection depth, the Doppler shift velocity curve, and the
average FHR can also be displayed in real-time on the LCD.

Conclusions

This paper introduces a portable ultrasonic Doppler fetal heart rate monitor, and the prototype
system is described. Currently, the traditional analog multiplier method is the most common way to
obtain fetal ultrasound frequency shift information. We adopted a different method, in which the
ultrasonic echo signals are multiplied to their sine and cosine expansion series to obtain the Doppler
shift information and finally the fetal heart signal. Compared with other ultrasonic testing instruments
sold on the market, our system not only has the option of detection distance selection, but can also
detect the specific depth of the tissue. Moreover, this system not only alows the selection of focal
depth through the button control module and can display the FHR and current detection depth in
real-time, but can also dynamicaly display the fetal heart rate curve and the FHR trend curve. In
addition, the data can be stored on an SD card and be uploaded to a PC for further processing.
Compared with the two other commercially available apparatuses, the experimental results show that
our proposed FHR monitoring system can be applied for continuous and real-time measurement of the
FHR. Besides, the system power consumption is low, and there is no significant difference in
accuracy between our system and the two commercialy available apparatuses. Our system can detect
the specific depth and record the cardiac health information of the fetus. Finally, the modular design is
introduced in this FHR detection system. In summary, our system has the advantages of simple
operation and adjustable detection depth, and can be used by pregnant women at home. It offers a
portable and accurate FHR monitoring, with a great application potential that can significantly
improve the quality of childbirth, reduce the fetal desth rate or the birth of mentally handicapped
children and suppress birth defects.
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