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Abstract 

This paper designs and implements the measurement and control platform of SOPC 
(system-on-a-programmable-chip), which integrates storage, display, file management, 
printing, communication, real-time analysis and other functions, so as to meet the 
application demand of maternal and fetal clinical monitoring. The functions of the 
platform include blood pressure, blood oxygen saturation, electrocardiogram, body 
temperature, heart rate and other physiological parameters of mothers and triplets. 
Platform Equipped with network interface, USB interface, RS485, RS232, SPI, I2C and 
other communication interfaces, which also can drive the loudspeaker to output fetal 
heart sound signal and realize high-speed printing larger than 100mm/s. 
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1. Introduction 

Perinatal monitoring of pregnant women can effectively reduce the rate of neonatal defects and infant 

morbidity and mortality[1]. Obstetricians can use the fetal monitor to monitor the physiological 

parameters of the mother and fetus on the platform at the same screen and at the same time, so as to 

better evaluate the health status of the fetus. 

There are several traditional monitoring and control platforms for maternal and fetal monitor[2, 3, 4]: 

commercial PC, industrial PC104 motherboard, ARM, etc. Among them, the commercial PC 

computing ability is excellent, but the volume is huge, the system stability is poor.Industrial PC104 

motherboard to solve the problem of large size, but weak computing capacity, loose system structure. 

ARM platform has achieved a good balance in cost, performance and system structure, but there are 

still problems such as poor scalability and incompact system structure.In view of the problems of the 

above platforms, it is necessary to research and develop a new measurement and control platform for 

maternal-fetal monitor, which requires low cost, high performance, flexible expansibility and 

compact system structure. 

SOPC technology (system-on-a-programmable-chip) provides a new way to solve the above 

problems[5, 6]. SOPC is an on-chip system with FPGA as the carrier for chip designed. It combines 

the advantages of SOC and FPGA, and has strong parallel computing capacity, high-speed 

communication bus and rich IP core resources.The designer can use the SOPC builder software to 

realize the free clipping function according to his own needs, and design multiple CPUs on the same 

chip.SOPC technology not only guarantees the maximization of resources, but also provides 

designers with greater design flexibility, finally achieving a good balance between function and 

cost.Therefore, compared with the standard PC104 motherboard, ARM and other technical platforms, 

SOPC has obvious advantages in terms of function, performance, scalability and cost. 
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Based on Altera Cyclone Ⅲ EP3C40F484 FPGA as the core chip, the application of SOPC Builder, 

NIOS Ⅱ SOPC software design platform combined with a variety of software and hardware design 

such as technology, achieved to meet the requirements of maternal-fetal monitor application double 

soft nuclear measurement and control platform[7]. 

2. System scheme and hardware design 

SOPC technology is characterized by simple circuit, without the need to modify the hardware 

according to the application requirements of the software.By adding technologies such as NIOS soft 

core, C2H, DSP buider, etc., the system can be upgraded in function and be powerful in universality, 

so that it has a high computing capacity and can realize the advanced analysis function of monitoring 

parameters by sensing the physiological state of fetus in real time.The block diagram of the 

measurement and control system of the mother/fetus monitor is shown in figure 1. 

 

Figure 1. Block diagram of measurement and control system of mother/fetus monitor 

2.1 Demand analysis 

In the analysis of fetal heart rate, certain autocorrelation calculation and complex signal processing 

are required[8]. Since it is necessary to simultaneously calculate the 1-channel fetal movement, 1-

channel uterine pressure and 3-channel fetal heart rate, the computational power demand is huge.In 

view of the high real-time requirement of fetal heart rate analysis, SOPC can produce a variety of 

NIOS soft core features, different soft cores are completely independent on hardware, and parallel 

task processing can be realized in a real sense.The CPU configuration of NIOS/f is similar to ARM9, 

and its computing power will increase exponentially as the number of CPUs increases.Therefore, in 

this paper, the NIOS/f fast kernel with a working frequency of up to 200MHz will be adopted to meet 

the operational requirements of data acquisition and maternal-fetal monitoring[9]. 

Have the cardiac sound playback function, this system uses the standard AC97 sound audio signal 

processing chip, through audio power amplifier circuit direct drive 3W8Ω loudspeaker, 1 channel 

cardiac sound to play[10]. By using WM8731 decoder, CD audio recording and playback can be 

realized with low power consumption.The realization of printer function requires correct timing 

control, complete graphic character library and good data storage, so the traditional method is to use 
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independent subsystem (RAM, CPLD, MCU, etc.) to achieve. And SOPC system can use VHDL and 

other hardware description language to connect the special driver IP in the bus to achieve high speed 

RAM and character library sharing, plus the stepper motor constant current drive IC can directly drive 

1152 point thermal matrix printer, directly output by the Linux system to print.The advantages of 

SOPC technology make the system print drive circuit more concise than the traditional circuit. This 

scheme adopts A6219DS special stepper motor constant current drive chip A6219DS to drive the 

paper of thermal print head.The chip can provide up to 750mA and 45V continuous drive circuit[11]. 

2.2 Main-board design 

The consideration of signal integrity in PCB design largely determines the stability of the product. 

DDR wiring is the most difficult part of PCB design. The maximum DDR signal rate in the 

motherboard reaches 133MHz, and it is significant for the project. 

2.2.1 DDR wiring essentials 

The DDR memory controller provides more than 130 signals in the form of interface groups, which 

can be divided by purpose into address/instruction, data, clock, control and feedback signals.All 

signals from the DDR is set in a position to mention the following important layer. In order to ensure 

the best minimum current loop impedance and signal integrity, when the data rate is twice the clock. 

Geographic reference to the data set is crucial, if there is an exchange, necessary data and clock line 

integral path should be a complete cover ground plane[12]. 

2.2.2 PCB design 

Considering the overall performance and cost, this project adopts 6 layers of boards for PCB design. 

The final design is shown in figure 2 (size: 120mm×190mm). 

 

Figure 2 PCB design drawing of measurement and control platform 

3. Software programming 

This study uses SOPC supporting software development tools SOPC Builder, NIOS Ⅱ, Quartus II 9.0, 

Modelsim, SOPC soft multicore processing system is designed and added several must IP core. The 

key IP is: data acquisition and control IP, AC97 audio driver IP, thermal printer driver IP.It meets the 

hardware circuit and application requirements of the measurement and control platform. 

3.1 IP core design 

The task of data acquisition control IP is tantamount to drive ADC to complete data acquisition. First 

of all, it must have corresponding data interface with the corresponding CPU, so that the CPU can 
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realize different operations through the underlying driver function. Meanwhile, it should provide 

appropriate data sampling control sequence to meet the demand of signal acquisition.This system 

contains an 8-channel, 12-bit ADC with symbol bit: ADAD7327.The ADC is under a high-speed 

serial interface and a maximum throughput of 500kSPS[13]. 

In the AC97 audio driven IP design, because the standard library of SOPC Builder does not provide 

a similar configurable IP, in view of the complexity of the design from the bottom level, this scheme 

uses the most efficient IP reuse technology of SOPC technology, through the third party adaptation 

files, IP reuse directly, greatly improving the development efficiency of this scheme. 

One of the characteristics of this platform is to directly drive the special thermal printer for FPGA, 

which simplifies the traditional resource requirements for independent systems and makes the cost 

and performance of the project better optimized. Because the thermal printer of this system is a 

customized model, it is difficult to directly find a mature third-party IP for uses[14]. Therefore, it is 

necessary to start writing hardware drivers at the level of logical control, which is the most attractive 

and tiring part of SOPC technology. The mechanical practice is discussed below. 

3.2 Thermal printer driver IP structure design 

As shown in figure 3, there are two main interfaces between the driver IP and the Avalon bus: the 

data output channel interface. To ensure the serial output logic of the printed data, the system's built-

in configurable FIFO is directly connected to the Avalon bus.This scheme designs FIFO reading 

module (Reader) independently, which is responsible for reading complete data from FIFO.The 

control register interface that receives the control bytes from the Avalon bus.The signals connected 

between the Interface module and the Avalon bus in figure 2-1 include address line (add), data line 

(wdata), read and write signal (rd, wd), and interrupt signal (irq). The module receives control 

instructions and is also responsible for sending control sequence to each function module according 

to the instructions. 

 

Figure 3 Printer driver IP structure block diagram 

As shown in figure 3, the two main function modules of driving IP are as follows: Printerdriver. The 

function of this module is to convert the parallel printing data received by the module Reader into 

serial data.The stepper motor control module (Motordriver) has the function of stepping mode 
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according to the instruction. According to the instruction sent by the Interface module and the 

corresponding time sequence, the stepper motor control signal is output. Every line is stepped into a 

line after heating, and the cycle continues until all the printing is completed. 

4. Experimental results 

The monitor can perform the measurement, calculation, storage, printing, communication, audio 

processing and other functions of up to 12 parameters of the mother/fetus simultaneously and in real 

time with the screen. The monitoring interface is shown in figure 4. 

 

Figure 4 Maternal-fetal parameters same screen monitoring interface 

The platform can directly drive a 156mm paper wide thermal printer for high-speed printing, printing 

content including fetal movement, triplet heart rate, contractions pressure, electrocardiography, etc. 

The printing speed can reach up to 105mm/S, which can realize real-time recording of 

electrocardiography.Figure 5 is the triplet parameter curve printed by the printer on grid paper. 

 

Figure 5 Triplets parameter print curve 
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5. Conclution 

In this research, the measurement and control platform designed by SOPC technology, is used to 

complete the functions of simultaneous display of multiple parameters by mother and fetus and real-

time computer-aided analysis. Realize triplets synchronous calculation and fetal heart sound 

recording and synchronous playback.The system's printing driver IP can drive the 156mm paper 

width thermal printer at the speed of 105mm/s for high-speed printing. The measurement and control 

platform based on SOPC not only has low cost, simple structure and superior performance, but also 

is a good choice for the current monitoring and control platform of maternal and fetal monitor. 
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