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Abstract 

With the development of The Times, the requirements for the intelligent degree of all 
walks of life are becoming higher and higher, and more and more mobile machine 
engineers are also popularized. Compared with the traditional intravenous drip support, 
the intelligent intravenous drip support system has better convenience, safety and 
practicability. In order to reduce the working pressure of hospital medical staff and 
provide convenience for patients, a set of convenient intravenous drip support device is 
designed which can follow the patient and automatically change the intravenous drip 
bottle. The system mainly has a host machine and a slave machine. The patient will be 
fixed with the body from the machine, sending ultra-sound to the host, and the host 
receives the ultrasound sent from the machine. With STM32 processor as the core, the 
host controls the drip-drip support driven by DC motor to follow the patient to move, 
and uses PID algorithm to control the speed and turning direction of the support. The 
external non-contact capacitive switch liquid level sensor detects the liquid level of 
medicine in the drop bottle. When the liquid level drops to a certain position, the 
stepping motor is driven to replace the drop bottle. 

Keywords  

STM32, ultrasonic three-side positioning, PID algorithm control, stepper motor, liquid 
level detection. 

1. Introduction 

According to the survey, hospitals and clinics are in great need of medical staff, and there are 
many patients in China. Therefore, patients frequently change intravenous drip bottles during 
infusion, which increases the workload of medical staff. When using traditional intravenous 
drip support, it is inconvenient for patients to move the intravenous drip bottle in the process 
of infusion, and they need to hold the intravenous drip bottle and move it to the corresponding 
destination. During this process, some younger or older patients could not move without 
accompanying personnel. Patients infusion, often need to lose at least two bottles of drugs, 
when patients in the night infusion, the first bottle of finished need to replace the second bottle 
of drugs, if the second bottle of drugs are not replaced in time, there are more air into the blood 
vessels, bring unnecessary harm to patients. 

In the design idea of the intelligent intravenous drip stent system proposed in this paper, the 
patient will be fixed on the body from the machine and send ultrasonic waves to the host, and 
the host will receive the ultrasonic waves sent from the machine. With STM32 processor as the 
core, the host controls the drip-drip support driven by DC motor to follow the patient to move, 
and uses PID algorithm to control the speed and turning direction of the support. The externally 
expanded non-contact capacitive switch liquid level sensor detects the liquid level of the drug 
in the drip bottle. When the liquid level drops to a certain position, the stepping motor is driven 
to automatically replace the drip bottle [1]. 
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2. System operating principle 

The whole system is mainly composed of host, slave, DC motor, motor drive, stepper motor and 
liquid level detection module. 

From machine, ultrasonic transmitter as carried by patients in the body, ultrasonic launch, 
locate the position of the patient, through three times, calculating the distance between the 
patients with a little support, again through the PID control algorithm, control a little support 
with patients maintain a relatively close, and a little stents can follow the patients with 
relatively stable movement [2].The non-contact capacitive liquid level detection sensor is used 
to detect the liquid level of each drip bottle. When the drip bottle needs to be replaced, a trigger 
signal is given to the CPU. At this time, the CPU sends a control signal to drive the two stepper 
motors to move and replace the drip bottle. The working principle of the system is shown in 
Figure 1: 

 
Figure 1： System working principle diagram 

3. The hardware design 

The hardware of the whole system consists of CPU module, non-contact capacitor level 
detection module, ultrasonic receiving module, ultrasonic transmitting module, stepper motor 
drive module, DC motor drive module, stepper motor and DC electric mechanism. The 
hardware block diagram is shown in Figure 2: 
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Figure 2： Hardware block diagram 

3.1. Section Headings 

STM32F103 is the main control chip of the intelligent drip support system, which is a 32-bit 
ARM microcontroller with a kernel of Cortex-M3. It has the advantages of powerful peripherals, 
low power consumption, low development cost, support SWD and JTAG debugging. 
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The CPU has excellent performance in memory and memory management, low power 
consumption (low power consumption), and its own analog-to-digital conversion function 
makes it easy to use and debug. It is characterized by low power consumption, easy 
development, high performance and low cost [3]. 

3.2. Non-contact capacitor level detection module 

Non-contact water induction capacitance liquid level sensor is used to detect whether there is 
liquid, when no liquid proximity sensors, due to the existence of the distributed capacitance 
sensors, so the sensor of static capacitance, there exist certain when the liquid level rise slowly 
close to sensors, liquid parasitic capacitance coupling to the static capacitance, the value of 
capacitance sensors. The changing capacitance signal is then input to the control IC for 
communication conversion, and the changing capacitance is converted into a change of 
electrical signal, and then a certain algorithm is used to detect and judge the degree of this 
change. When the change exceeds a certain threshold value, the liquid level is considered to 
reach the induction point. Output principle of switch type liquid level detection sensor is shown 
in Figure 3: 
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Figure 3： Output schematic diagram of switch type liquid level detection sensor 

3.3. Stepper motor drive module 

The stepper motor receives a pulse signal and turns at a fixed Angle (called the "step Angle") in 
a set direction. Its rotation runs step by step at a fixed Angle. The angular displacement can be 
controlled by controlling the number of pulses so as to achieve accurate positioning. At the 
same time, the speed of motor rotation can be controlled by controlling the pulse frequency, so 
as to achieve the purpose of speed regulation. These characteristics of the stepper motor are 
very suitable for the use of SCM to control, control signal generated by SCM, stepper motor 
according to the control signal to action [4]. 

The driver chip ULN2003 used in the stepper motor module is a power inverter with integrated 
open output, and each output port has a diode connected to the common end (COM), which 
provides a discharge circuit for the motor winding after power failure and plays a protective 
role. Each device consists of seven NPN Darlington pairs with high voltage outputs with 
common cathode clamp diodes for switching inductive loads. And the collector current rating 
of each Darlington pair is 500mA.Therefore, ULN2003 is ideal for driving small power stepper 
motors. Schematic diagram of stepper motor drive module is shown in Figure 4: 
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Figure 4: Schematic diagram of stepper motor drive module 

3.4. Dc motor drive module 

This design uses L298N motor drive module to control the movement of the car. In the "smart 
drip stand" system, a DC motor is driven to follow the patient as they move. The module uses 
h-bridge DC motor driver chip, which can easily realize forward, forward, reverse and reverse 
braking of dc motor. The motor adopts Pulse Width Modulation (PWM) for speed regulation, 
that is, by changing the duty ratio of the motor armature voltage to change the size of the overall 
voltage, and realize the speed regulation of the car two motors. The steering of the motor is 
controlled by L298N's 4-way logic gate. PWM signal through the single-chip timer to control 
the output, 4 logic input through the SINGLE-chip output mode of IO port control [5].Dc motor 
driving module is shown in Figure 5: 
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Figure 5: DC motor driving module 

3.5. PID control technology 

In the "intelligent intravenous drip support" system, the position of the patient is located by 
ultrasonic wave, and the intravenous drip support is controlled by PID control technology to 
keep a relatively close distance with the patient, and the movement is relatively stable. 

In the open-loop control of DC motor, the speed of the motor always changes with the load of 
the motor, and cannot be stable at a given value. With the increase of the load, the speed of the 
motor decreases, when the load exceeds the rated load, the motor stops rotating, at this time 
the motor current is the maximum, easy to damage. In the PID control system, due to the 
integral and differential links, the system can follow the given value, that is, although there is 
an error, can also be adjusted quickly, so that the error is zero after a period of time. PID 
regulation is proportional, integral and differential control. This regulator is to compare the set 
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value with the output value, and to control the proportion, integral and differential by 
comparing the deviation obtained. 

The ideal formula of basic PID controller is as follows: 

𝒖(𝒕) = 𝑲𝒑 [𝒆(𝒕) +
𝟏

𝑻𝒊
∫ 𝒆(𝒕)𝒅𝒕 + 𝑻𝒅

𝒕

𝟎

𝒅𝒆(𝒕)

𝒅𝒕
] 

PID parameter adjustment mainly determines three parameters, and then conducts the overall 
test to fine-tune the parameters until the system works normally. The three parameters need 
to be determined: 

Proportional coefficient Kp; 

Integral time constant Ti; 

Differential time constant Td; 

First determine the scaling coefficient, then the integral time constant, and finally the 
differential time constant. Firstly, Ti and Td are set to 0, Kp is gradually increased from 0 to 
system oscillation, and then Kp is reduced to the disappearance of oscillation. This value is set 
as proportional coefficient Kp. The same method is for Ti, Td. Then fine-tune the system until it 
runs normally [6]. 

3.6. Ultrasonic receiving module 

Considering that the intravenous drip support is mostly used indoors, GPS and other 
technologies are difficult to apply, while ultrasonic positioning is characterized by low cost, 
easy application and accurate positioning [7]. 

Based on the principle of ultrasonic positioning, three ultrasonic receivers are set at the bottom 
of the drip support, and ultrasonic signals are emitted by the target. Considering the limited 
driving ability of MCU port, LM386 chip is used to amplify the power of output signal for 
ultrasonic emission. The receiving module adopts the integrated core CX20106. The acoustic 
signal is sent to the output end after shaping through the internal preamplifier and limiter of 
CX20106.When receiving the acoustic signal consistent with the filter center frequency, the 
output end output low level, trigger interrupt, read the timer count, ranging. Ultrasonic 
positioning module is based on ultrasonic ranging, the ranging module used in this design is a 
single receiving ultrasonic module, the measurement range of the module is 4~500cm, the 
accuracy is 3mm.Working voltage is 5V, using serial communication, communication baud rate 
is 115200.The positioning module consists of transmitting ultrasonic wave module, receiving 
ultrasonic wave module, control circuit and drive circuit. The ultrasonic module only needs to 
be powered on. After the ultrasonic transmitting module is powered on, the LED on the 
ultrasonic-transmitting module flashes quickly. In this case, the ultrasonic transmitting module 
works normally. 

The four pins 5V, G, RX and TX of the receiving ultrasonic module are connected to the IO port 
of the main control chip STM32. Align the transmitting head of the transmitting ultrasonic 
module with that of the receiving ultrasonic module. After the LED flashes on the receiving 
ultrasonic module, the communication between the two modules is successful. After receiving 
the data, the ultrasonic module sends the distance data at the frequency of 50Hz through the 
serial port. Data format: 0XA5 Two bytes of data in hexadecimal format, in mm.0XA5 is the 
frame header and the other two are data storage bytes. 

Ultrasonic transmitting and receiving circuits are shown in Figure 6 and Figure 7 respectively: 
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Figure 6: Ultrasonic transmitter 
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Figure 7: Ultrasonic receiving device 
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4. The software design 

All programs of the system are modularized by C language, compiled and debugged in 
Keil5_MDK environment, and programmed with external interrupt, timer interrupt, sub-
function, STM32 library function and so on. The flow chart of the main program is shown in 
Figure 8: 

5. Conclusion 

The "intelligent intravenous drip stent" described in this paper aims to solve the patient's 
mobility inconvenience of infusion and reduce the working pressure of medical staff, so that the 
medical staff's work energy can be applied to more worthy of attention. During epidemic 
prevention and control, the use of the system can also reduce multiple contacts between health 
care workers and patients, greatly reducing the risk of infection among health care workers. 
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