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Abstract—Infusion monitor often has the characteristics of 
monitoring points widely distributed, large numbers, short 
distance, etc. The traditional manner of infusion monitoring 
that nurse operates in person is extremely tedious and 
inconvenient. In order to solve this problem, we design the 
ZigBee-based wireless infusion monitoring system, which 
has the following excellent features: It adopts a high 
performance price ratio chip STM32F103VBT6; Pre-
terminal, integrated into a circuit board, take up less space; 
System has the merits of low power and strong anti-
interference, can work without any special requirements in 
hospital environment; ZigBee technology has been used to 
achieve real time control of multiple infusion points,  
network construction is convenient; The system features 
high control precision and can adjust infusion parameter 
accurately..  
 
Index Terms—infusion monitor, ZigBee, Cortex-M3, 
MC13192 

I.  INTRODUCTION 

Intravenous infusion is a common administration 
treatment method. Conventional infusion method of 
“nurse injecting, caregiver monitoring” has many 
deficiencies. Neither drip speed nor liquid temperature 
can be controlled accurately. Though many venous access 
devices have been provided, none of them is widely used. 
Most of them use 8-bit or 16-bit MCU as the main control 
unit, which lead to some problems, such as less 
parameters acquisition, poor anti-interference ability, 
complex external circuit, complicated network 
construction. Its poor functions can hardly meet practical 
need. For this reason, a ZigBee-based wireless infusion 
monitoring system has been designed, which adopted 
advanced STM32F103VBT6 chip as its main control unit. 
The test result shows that this system has the 
characteristics of perfect function, completely conforms 
to the design requirements, it has better actual application 
value.  

II.  SYSTEM SUMMARIZATION 

The system includes three parts: the lower computer 
which is composed of peripheral function circuits, 
Cortex-M3-based embedded system and ZigBee module; 
ZigBee wireless transmission network, and the upper 
computer in monitoring center (see Fig 1).  

III.  DESIGN OF THE LOWER COMPUTER OF 
INFUSION MONITOR SYSTEM 

In order to reduce the power and the bulk, improve 
control precision of infusion process parameters, 
STM32F103VBT6 was used as MCU of the lower 
computer. STM32F103VBT6 is a new type of 
microprocessor based on Cortex-M3 core [1]. Compared 
to other microprocessors, it has remarkable advantages on 
power, cost, performance, etc [2]. MC13192, a 2.4GHz 
radio frequency chip that meets ZigBee standard, is 
developed by Freescale company [3]. It possesses all the 
merits of ZigBee technology, such as small volume, low 
cost, low power dissipation and stable performance, can 
be applied to Zigbee products easily. In this system, 
MC13192 has been applied to design the wireless 
transmission module.  

A.  Drip speed detection circuit design  
Drip speed detection circuit is shown in Figure 2. 

Modulation and demodulation techniques were used to 
eliminate interference. The infrared transmitting and 
receiving tubes were placed on the lateral surface of  
dropper. NE555 pulse oscillator generates square wave 
voltage with frequency f0 and drives infrared transmitting 
tube to emit light. If there were no droplets passed in 
dropper, the receiving tube would conduct and output 
high level, otherwise low level. The output was sent to 
μPC1490. After amplification, filter, amplitude limit, 
detection and reversed-phase, it was sent to the voltage 
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Figure 1.  The overall structure block of infusion monitoring system

Figure 2.  Liquid drip speed detection circuit 
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comparator OP07. STM32F103VBT6 calculated the 
number of pulses and compared it with the set drip speed, 
finally drove step motor to adjust drip speed.   

B.  Liquid level detection circuit design 
We set 0.3cm above the bottom of bottle as the 

warning line, in which infrared transmitting tube and 
photosensitive resistor were placed. When the liquid level 
goes down to the line, it gives warning signal which 
drives speaker and LED to send out sound light alarm 
signal. At the same time, the signal would be sent to the 
host computer via ZigBee network. If this part of circuit 
does not produce any external interrupt, and the drip 
speed detection circuit can not detect any drip speed, it 
means transfusion dropper blocking and the system 
alarms. Figure 3 shows Liquid level detection circuit. 

C.  Liquid temperature control circuit design 
A heater was placed in the bottom of bottle to heat the 

physic liquor during the process of transfusion. The 
heating temperature value can be set. Once the liquid 
temperature exceeds this value, the resistance value of 
thermistor would decrease, therefore Va>Vb. OP07 
outputs a high level signal to the microprocessor to 
control the heater to stop working. So, liquid temperature 
value could be maintained constant to a certain extent.  
If the regulation of temperature is out of control, the 
speaker would be immediately driven to give sound alarm. 
Liquid temperature control circuit is shown in Figure 4. 

D.  ZigBee wireless module design 
ZigBee is a newly arisen Wireless Sensor Network 

with close quarters, low power and high dependability [4]. 
ZigBee network includes ZigBee Coordinator, ZigBee 
Router and ZigBee End Device [4]. In this paper, 
STM32F103VB and MC13192 have been used to design 
ZigBee hardware platform, which provided hardware 
foundation for ZigBee bottom protocol. STM32F103VB 
was connected with MC13192 Radio Frequency chip by 
SPI and some scatter control signals. STM32F103VB has 
a 128KB flash memory and 20K RAM which are used to 
store protocol stacks and run applications to realize the 
transceiver control of RF chip MC13192 and some 
necessary operations in the MAC layer. The pin SPSCK 
in the STM32F103VB provides synchronous clock to SPI, 
the pin PC13 is configured as external interrupt. The 
interrupt events of MC13192 are carried out by tying IRQ 
to the PC13 pin of MCU. The application program for 
applying layer is compiled by C-language and assembly 
language. The system used API to call related functions 
of this protocol stack and realize transceiver function of 
ZigBee network. The basic thought of software 
programming is as follows: system initializes SPI port, 
STM32F103VBT6 and MC13192 control port; then 
enables SPI port, UART port and A/D; initializes 
MC13192 chip; after starting the receiver, task program 
can be run to transmit and receive data.  Fig5 is the 
connection figure of STM32F103VB and MC13192. 

E.  Software design 
In order to improve system reliability and multi-task 

operation ability, software of the lower computer has 
been designed according to modularization thinking. 
Therefore, embedded real-time operating system (RTOS) 
μC/OS-II has been transplanted into STM32F103VBT6 
MCU and corresponding independent tasks were 
designed according to different function modules, such as 
liquid level detection, drip speed detection, temperature 
control, wireless communication, etc. Figure 6 shows the 
flow chat of control program of the lower computer. 
Powering up or reset starts to initialize LCD, serial port 
and interrupt, then loads RTOS μC/OS-II which uses 
OSTa-skCreate( ) to create main task program. Main task 
program is responsible for the creation and operation of 
other tasks. The task of liquid level detection has the 
highest priority, then drip speed detection, liquid 
temperature control, wireless communication. In addition, 
Graphic User Interface (GUI) has been adopted to design 

Figure 3.    Liquid temperature control circuit 

Figure 4.   Liquid temperature control circuit 

Figure 5.   The connection figure of STM32F103VBT6 and MC13192
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man-machine interface. μC/GUI is an excellent graphic 
support software which is used in embedded system 
specially. By introducing μC/GUI, the style of graphical 
interface is similar to Windows. LCD of the lower 
computer displays main interface, password 
authentication, system parameters setting, running status, 
clock and so on.  

IV.  DESIGE OF THE UPPER COMPUTER OF 
INFUSION MONITOR SYSTEM 

PC is commonly used as the upper computer in the 
monitoring control system for infusion. It has an excellent 
graphic user interface and is easy to operate. However, it 
also has some disadvantages such as high cost, high 
energy consumption, large volume, long-running 
instability. The application of embedded system can solve 
these problems effectively. In this system, ARM7 
processor core S3C44B0 has been used as the main 
control unit of the upper computer, whose task is to 
monitor infusion state of all infusion points via ZigBee 
wireless network. RS232 bus is used to connect the upper 
computer with ZigBee network coordinator. ZigBee 
network coordinator manages the whole network. It is 
responsible for setting up the whole network, allocating 
the addresses, adding and deleting nodes, maintaining the 
node equipment data and data transfer tables, etc [5]. In 
this system the function of ZigBee network coordinator’s 
application program is to receive data collected from 
terminals. ZigBee network coordinator sets up the 
network firstly and then communicates with the lower 
computers located in various infusion points via network 
nodes. The query commands sent by the upper computer 
awaken all network nodes via ZigBee network coordinator. 
Then it collects infusion parameters data and upload it to 
the upper computer. Meanwhile, ZigBee network 
coordinator searches for new subnets and allocates ID. 
Figure 7 shows the flow chat of communication program. 

V.  CONCLUSION 

To sum up, in the monitoring control system for 
infusion, the microprocessor STM32103VB based on 
Cortex-M3 core has been used as the main control unit, 
which has many merits, such as high performance-cost 
ratio, low power consumption, high stability, etc. We 
elaborately designed the drip speed detection circuit, 
liquid level detection circuit, liquid temperature control 
circuit, ZigBee wireless transmission module, etc. 
Compared with conventional monitoring control system 
for infusion, the system has prominent advantages on 
power consumption and anti-interference ability, which 
can work without any requirements in hospital 
environment; the system features high detection precision 
and can control the infusion process parameter accurately. 
In addition, the system has good expansibility, blood 
pressure, body temperature, heart rate and other 
physiological parameters acquisition functions can be 
easily extended.  
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Figure 6.   The flow chart of control program 

 

Figure 7.  The flow chart of communication program


