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ABSTRACT  

 

Directing medication to patients through the oral, intravenous means is a vital notion for the 

handling of sicknesses in medical field. Conventionally, medication to the patients is 

delivered by the System in which a drip to a patient’s body is infused through a hanging 

bottle with a roller attached to the pipe. This is a popular means of transferring a fluid into a 

patient’s body and is known as Roller Clamp Delivery System. Roller Clamp is used in 

almost every hospital for providing Glucose, Blood etc. While there is a drawback with this 

system that flow of liquid is controlled by the force of gravity. Although roller in pipe can be 

used to regulate the speed it does not tell about the flow rate of the fluid infusing into a 

patient’s body. So, this system can cause serious health problems if flow rate is not set 

accordingly. An overcome to this system is Position Controlled Infusion Pump. PCIP is 

designed using a stepper motor, and by controlling the speed of stepper motor flow rate can 

easily be controlled. In this project, we include a syringe in it which is used for the transport 

of small amount of drug. It has a microcontroller set in it which controls the flow in these 

pumps. A stepper motor in it which gives a precise delivery of liquid. Stepper motor with 

greater resolution the less will be the drop size. Hence Syringe pumps are dependent on the 

stepper motor for their precision. It is also interfaced with an LCD in them which shows the 

flow rate of system. This can also be used with various sensors for their best use. They will 

be of great use soon after replacing Roller Clamp Delivery System.  
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INTRODUCTION 

  
You must have seen nurses in hospital attaching a drip to a patient’s body through a hanging 

bottle with a roller attached to the pipe. This is a popular means of transferring a fluid into a 

patient’s body and is known as Roller Clamp Delivery System. Roller Clamp is used in almost 

every hospital for providing Glucose, Blood etc. While there is a drawback with this system 

that flow of liquid is controlled by the force of gravity. Although roller in pipe can be used 

to regulate the speed it does not tell about the flow rate of the fluid infusing into a patient’s 

body. So, this system can cause serious health problems if flow rate is not set accordingly. 

An overcome to this system is Position Controlled Infusion Pump. Infusion Pumps use a 

stepper motor and by controlling the speed of stepper motor flow rate can easily be 

controlled.  

  

1.1 What are Position Controlled Infusion Pumps? 

PCIP are devices that are used to deliver different types of fluid, nutrients medicines into a 

patient’s body. Infusion pump have a stepper motor attached to it which is programmed 

using a microcontroller. A microcontroller interfaced with a motor driver controls the speed, 

hence the flow rate of PCIP is set. Some infusion pumps also have a pressure and air bubble 

detector sensor. 

 

 

Figure 1.1 Syringe Infusion Pump 
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1.2 Why Position Controlled Infusion Pumps? 

PCIP are better than the traditional Roller Clamp Delivery System. Their flow rate can be set 

and displayed on LCD. Infusion Pumps can also be interfaced with various sensors like 

heartbeat, respiratory, temperature etc. Changing parameters can be automatically evaluated 

and change in the flow rate be set accordingly by the microcontroller. It is very important to 

program the infusion pump carefully. Bad programming can lead to severe problems to a 

patient and whole system. With PCIP, there is no need of a nurse administering a patient 

regularly for drips etc. So, automatic infusion pump is a better medical device for 

administering drip drugs.  
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 LITERATURE REVIEW  
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LITERATURE REVIEW  

  

2.1 Types of Infusion 

There are two types of Infusion which are explained below :  

2.1.1 Continuous Infusion – In continuous Infusion, small drops of liquid is delivered to a 

body controlled by the microcontroller. Liquid drops are of the size around 600 nanoliters to 

1200 nanoliters depending on the design of infusion system. 

2.1.2 Total Nutrition – In total nutrition infusion, a patient is delivered with liquid like 

meal hours. Usually this infusion is for people who cannot eat by themselves and hence they 

need an external supply for nutrition. 

 

2.2 Types of Infusion Pumps 

1. Gravity Controlled Pumps   

2. Position Displacement Pumps   

2.2.1 Gravity Controlled Pumps  

This type of infusion system consists of drip rate expedients which are dependent on gravity 

for the rate of flow. There are systems which are transported with standard vein fluid 

administration sets which are named dial-a-flow or dose-flow. Rate of infusion is also 

dependent on pressure difference through the valve that is height of fluid or intravenous 

pressure obstruction. There is a roller which is dependent on force of gravity to provide the 

required pressure. A drop sensor is attached to the drip compartment which usually senses 

the drip rate and shows it on the display screen. This system uses a feedback mechanism that 

can change the drop rate to the present value and it doesn’t remove the error arisen due to 

changes or variation in drop size.  
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2.2.2 Position Displacements Pumps  

As the name proposes it provide a positive displacement of liquid with the help of a motor. 

The mechanism is such that it avoids infusion of large amount of air or subcutaneous 

infiltration. These pumps are built on the concept of peristaltic or piston motion.  

This pump uses linear or rotary methods. This type of rotator peristaltic pump consists rollers 

on a wheel, as a result it compresses the tubing and hence the liquid can move towards the 

patient in the tube. The linear mechanism of peristalsis include finger like projections which 

compresses the tubing against a fixed back plate sequentially and causes a unidirectional flow 

of liquid. Following are some of the types of position displacement pumps: -   

 

Drip rate pumps- This type of pumps deliver pumping mechanism which makes them 

dissimilar from gravity dependent drip rate controllers. They replace gravity as the main 

force. These pumps use drip sensors which count the number of drops to control the infusion 

rate. These sensors are attaches to the infusion sets. The speed of fluid is dependent on the 

feedback control from drip sensor which actually counts the number of drops. In these types 

blocking pressure is important which is always set at 99mm Hg and sometimes over 210 mm 

of Hg. The high blocking pressure can dismantle the system causing the tube to burst. There 

is a disadvantage of these pumps which occurs when there is an extravagation as the pump 

keeps on pumping fluid into the tissues.   

  

Volumetric pumps- This type of pumps eliminate the problem in drip rate pumps. Volumetric 

pumps use piston type action and peristaltic pumping type action. It uses infusion set which 

rises the cost of each infusion. It provides exact volume of infusion as it precisely regulates 

the set of flow rates. These pumps run on ml per hour.  

  

Syringe pumps- These pumps include a syringe in it and are used for the transport of small 

amount of drug. Usually they have a microcontroller set in it which controls the flow in these 

pumps. Syringe pumps have a stepper motor in it which gives a precise delivery of liquid. 

Stepper motor with greater resolution the less will be the drop size. Hence Syringe pumps 

are dependent on the stepper motor for their precision. They also have a LCD in them which 
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shows the flow rate of system. Syringe pump can also be used with various sensors for their 

best use. They will be  of great use soon after replacing Roller Clamp Delivery System.  

 

2.2.3 Specifications of Syringe Pump include  

1. Microcontroller Meticulous Stepper motor must be used for precise 

delivery.  

2. It should have competence of being operative with main power supply of 

230 V.  

3. It should have some switches to control the flow rate and ON/OFF.  

4. It should have an LCD for displaying the speed of stepper motor/flow rate. 

5. It should have switches for the microcontroller to decide the direction of 

flow. 

  

2.2.4 Advantages of Syringe Pump  

• Consistent and Moveable   

• Low Priced 

• Flow rate can be set. 

• Easy Switches for ON/OFF  

• Speed Control of Motor  

• Used for small size drug delivery 

 

2.2.5 Disadvantages of Syringe Pump  

• Can’t be castoff for large size drug delivery   

2.3 Requirements for Infusion System 

A Syringe infusion system has mainly three key apparatuses: 

Syringe: It contains the liquid to be transported to the patient’s body 

Mechanical System:  It contains Linear gears, component at which motor is fixed and syringe 

is fixed that control the flow. 
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Microcontroller: It is programmed to control every parameter in the system like stepper 

motor, flow rate etc.  

 

2.3.1 Pump Mechanism  

Stepper motor must be used in micro stepping mode for a Syringe Infusion Pump so that 

continuous Infusion take place. While if any other mode like half mode, full mode the 

infusion won’t be continuous. Stepper motor will run on very small instants of time and that 

would be insensible if the infusion is not continuous which can cause excess pressure while 

infusing and may cause bubbles during infusion. 

 

2.3.2 Power Supplies  

Microcontroller needs a supply of 5V and Stepper motor needs a supply of around 12V. So, 

it’s important to convert 230V to 12V using rectifier and then a voltage regulator to do it. 

Moreover, it can also be so that a separate rechargeable battery for both can be used 

separately. Whichever is feasible can be used. 

  

 2.3.3 Battery Management  

Every so often we require transporting patients while they endure on the IV FLUIDS, so 

infusion must have a battery /rechargeable battery fixed on it. Therefore, if mains power is 

off patient don’t have to suffer and battery backups the whole power supply.  

 

2.3.4 Compactness  

A good infusion system must be compact or portable. Patients can need infusion anywhere 

in ambulance, Hospitals, or their living apartments etc. So, Position Displacement  

Infusion pump must be portable in nature. 

 

2.3.5 User Interface  

The user Interface is to control the flow rate and to check various parameters displayed on 

LCD. Interface must be user friendly. It should be easy for the user to program it or control 
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the flow rate. If the infusion pump is on battery then remaining time or how much it is 

charged should be displayed on LCD. 

  

2.3.6 Alarms  

Infusion Pumps requires some alerts in form of Indicators (LED’s), beep sound or a tuner 

showing if the infusion drug container is empty or for any other reason as per the 

requirements like drastic variation in temperature etc. 

 

2.3.7 Time Keeping  

As the health of patient is critical it is very important to track the time very carefully. So, a 

timer is must needed here. Moreover, if time is required between doses without time keeping 

it won’t be possible. 

  

In this project, we have designed a Syringe Infusion Pump that automatically deliver fluids 

into patients body . Using Combination of linear gears and circular gears when stepper motor 

is rotated, it moves the piston in forward/backward direction and desired results are achieved.  
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MATERIALS AND METHODS 

 

3.1 Components Used  

Let us first learn about the various components used in making of position 

displacement Infusion pump and their purpose. 

• Stepper Motor 

• Stepper Motor Driver 

• Microcontroller 

• Linear Gears 

• LCD 

• Printer Fuser 

• Push Buttons 

• Mechanical Switches 

 

3.1.1 Stepper Motor  

Purpose: Stepper motor are used to precisely provide the flow of fluid. 

 

 

        Figure 3.1: Stepper Motor Structure 
 

Working: Stepper motor consist of a permanent magnetic part which rotates as per the coils 

excited. This part is called the rotor. And the stationary part on which coils are winded is 

stator. As per in the above figure AA` and BB` are two different phases. When AA` phase 

is energized, the rotor remains in direction which is shown in above figure. When another 

phase BB` is, energized rotor moves into anticlockwise direction. This angle of 90 can also 

be expurgated into half by energizing two coils concurrently.  
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Another type of mode is micro stepping mode used in this project. In which a continuous 

(sine wave) is sent as a signal to stepper motor and it runs smoothly. So it is not a step wise 

rotation here. The stepper motor runs smoothly as needed. 

 

 

 

    Figure 3.2: Stepper Motor Working 
 

3.1.2 Stepper Motor Driver 

Purpose: Driver are used to interface the stepper motor with microcontroller. 

Working: Mainly two pins Step Pin and Direction Pin in DRV8825 is used to control the 

step size and direction of the stepper motor.  Whenever a pulse is input on Step pin stepper 

motor takes a step and this step can be reduced to around 800 micro steps per revolutions as 

per the pulse to its inputs. While the DIR pin is used to set the direction if no input is given 

it works in clockwise direction else in anticlockwise direction. All the other pins are 

explained in the below figure. 

 
         

            Fig 3.3 Interfacing of Stepper Motor with Driver 
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3.1.3 Microcontroller 

Purpose: Purpose of using this microcontroller is to control the speed of motor which will 

consequently decide the flow rate of fluid. 

 

 

                                                                         Figure 3.4: Pin Diagram of ATMEGA 328 
 

About: Pin Diagram of the microcontroller ATMEGA328 is given above. This 

microcontroller has 28 pins. This microcontroller needs a VCC of 5V. This microcontroller 

is one of the best present in market right now. It has pins that can take both Analog and 

digital inputs. From PC0 to PC5 all the pins can take digital and analog inputs. Also, it has 

pins that can be used for Serial Interfacing with different devices. It also has pins to be 

interfaced with external clock.  It has two 8 bit timers and one 16 bit timers. It’s flash 

memory is about 32KB. This microcontroller has around six PWM channels. So, if we need 

a PWM pulse we can connect pin to the channel and there it is. 

 

3.1.4 LCD 

Purpose: LCD is used to display the speed of motor.  

 

Liquid Crystalline Display used here is 16×2, i.e. 16 horizontal characters and 2 vertical 

characters.  
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Working: 16×2 LCD contains 16 pins . Pin 1 is Ground. Pin 2 is VCC which is again 5V 

here and hence can be given directly from the microcontroller supply which is also 

 

 

 

                                                                        Figure 3.5: LCD Pin Diagram 
 

5V. Pin 7 to 14 are for the purpose of Data which is to be PRINTED. And hence it will use 

7 data pins of the microcontroller. LED+ (Pin 15) is for the purpose of backlight, and it 

needs 5V and pin 16 is again ground of the backlight.    

 

 

 

 

 

 

 

                                                                                   Figure 3.6: LCD 
 

 

3.1.5 Linear Gears 

Purpose: Linear Gears are used for the forward/backward movement of syringe. 
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Figure 3.7: Linear Gear System 
 

Working: The pinion of linear gear is attached to the stepper motor and 

consequently the rack is connected with the syringe hence when the stepper 

motor moves in forward direction the rack moves in backward direction and 

the syringe is filled. Now if the rack moves in forward direction the syringe 

will infuse the liquid in it into the patient’s body. 

 

3.1.6 Printer Fuser 

Purpose: Printer Fuser is used to set the linear gears syringe and stepper motor 

over it. 

 

 

                                                                                  Figure 3.8: Printer Fuser  
 

About: In this project printer fuser is used to set up all the component on it. 

Usually linear gears are not readily available in market. One have to design 

them through 3D printing. But in printer fuser linear gears are present. We have 

used it for better results.  
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3.1.7 Switches 

Purpose: To set the speed of the stepper motor and to notify microcontroller in 

which direction syringe should move. 

 

 

                                                                          Figure 3.9: Push Button Switch 
 

 

Working : One leg of the push button is connected with the power (VCC) and 

the other leg is connected to the component whose switching is to be  

controlled. 

 

3.1.8 Software 

Purpose: This software is used to program the microcontroller. 

About: Software used for the project is ARDUINO IDE. Arduino IDE is simple to use and 

is user friendly. It provides C language environment to write the program. Creating own 

libraries and directories in this software is quite easy.  

 Sometimes it is quite difficult to connect the microcontroller with this software. As the 

driver is not updated in windows. So it has to be manually installed. Procedure for 

connecting the microcontroller with the desktop is easily available on web. 
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Figure 3.10: Arduino IDE 

 

3.2 Procedure for designing PCIP 

1. Fix all the linear gears on printer fuser. In case linear gears are present on printer 

fuser go to step 2. 

 

 

 

 

        Figure 3.11: Linear Gears Fixing 
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2. Take the stepper motor and fix it over the linear gears with pinion on it that can make 

the linear gear to move in a required direction. 

 

 
 

Figure 3.12: Stepper Motor Fixing 
3. After this attach, mechanical switches to the fuser so that the microcontroller can be 

notified about the change in direction. 

 

 
 

Figure 3.13: Mechanical Switches Fixing 

 

4. Now take a wire and fix syringe on linear gear and fuser for infusion. 
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Figure 3.14: Syringe Fixing 
 

5. After this we need to program every part using ATMEGA 328p, we will interface 

stepper motor using DRV8825 with microcontroller first. Microcontroller interfacing 

with driver is shown below. 

 

 

 
 

Figure 3.15: DRV8825 Interfacing 

 

6. Now we need to program switches and connect them to data pins of ATMEGA328 

so that they can be used to control the speed of stepper motor. 
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Figure 3.16: Switch Interfacing 

 

7. After all this is completed, then we need to interface LCD with the microcontroller 

which will display the speed/ Flow Rate etc. of the INFSUION. 

 

 

 

 

 

 

 

Figure 3.17: LCD Interfacing 

 

 

8. Syringe Infusion System is ready to be operated.  
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Figure 3.18:  Syringe Infusion System  
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WORKING OF POSITION CONTROLLED INFUSION 

PUMP 

 

4.1 Block Diagram of Infusion Pump 

As the name proposes it provide a positive displacement of liquid with the help of a motor. 

The mechanism is such that it avoids infusion of large amount of air or subcutaneous 

infiltration. These pumps are built on the concept of peristaltic or piston motion. 

This pump uses linear or rotary methods. This type of rotator peristaltic pump consists 

rollers on a wheel, as a result it compresses the tubing and hence the liquid can move 

towards the patient in the tube. The linear mechanism of peristalsis include finger like 

projections which compresses the tubing against a fixed back plate sequentially and causes 

a unidirectional flow of liquid. 

 
Figure 4.1: Block diagram Of PCIP 

 
Here as we can see in the above figure that microcontroller controls the stepper motor driver 

which subsequently controls the stepper motor and hence the mechanism is performed. In 

the mechanism a syringe is moving in both forward and backward direction, as per the 

control of microcontroller. 

 

4.2 Flow Chart of Infusion Pump 

In the Position Controlled Infusion Pump as soon as the power is supplied to the 

microcontroller, stepper motor shows some movement. This movement depends on 

mechanical switches which decides the direction of stepper motor. Two other push buttons 
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are interfaced with the microcontroller which sets the flow rate of the infusion system. As 

discussed earlier it is the speed of stepper motor that decides the flow rate, let us understand 

the working of Position Controlled Infusion Pump  using a simple flow chart : 

 

 

 
Figure 4.2: Flow Chart of PCIP 

 

              FD- Forward Direction  

RD- Reverse Direction 
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RESULTS AND DISCUSSIONS 

   

5.1 Future Enhancement 

Many types of sensors can be interfaced with Infusion system to regulate the flow. These 

can be Heart Beat Sensors, Respiratory Sensor, Air Bubble Detector. We can have the whole 

system to control via a remote control/ mobile using IOT. Also, if the patient relatives need 

to know the report they can be sent the report through the device. 

 

 

                                

Figure 5.1: Air Bubble Detector                         Figure 5.2: Heart Beat Sensor                 Figure 5.3: Respiratory Thorax 

Sensor 

 

5.1.1 Air Bubble Detector – Air bubble detector can be used for detecting any bubble in 

the pipe through which fluid is being transported. 

5.1.2 Heart Beat Sensor – Heart Beat sensor can be used with a microcontroller to set the 

flow rate as per the variations in heart beat. 

5.1.3 Respiratory Sensor – Respiratory  sensor can be used with a microcontroller to set 

the flow rate as per the variations in breath. 

These various types of sensors can be used as a parameter to change the flow rate of 

the infusion system. Once microcontroller evaluates the variation in heart beat etc. it 

will set whether to increase or decrease the flow rate. 

 

5.2 Conclusion   

Microcontroller has been successfully used to program the stepper motor driver and 

consequently the stepper motor by which rate of flow of medicine is controlled. In this 

project, a microcontroller is programmed to control the speed of the stepper motor by its 
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driver. If the speed of stepper motor is increased using the switches connected to ATMEGA 

328 the flow rate will increase and if the speed of the stepper motor is decreased, again using 

the switches the flow rate will be decreased. Also, there is an LED interfaced with this 

microcontroller which displays the flow rate, speed of the stepper motor and the temperature 

of the patient. Not only Syringe Infusion pump can be used for providing fluids to body but 

also it can be used for Anesthesia. Anesthesia is required during long operations to rest the 

patient. During an operation if a person comes to consciousness, it can lead to his/her death. 

So, continuous Infusion method can be used here for providing Anesthesia to a patient. 

Syringe Infusion Pump can have many applications where flow rate is to be administered. 

Moreover, future enhancement of this project will make this microcontroller based position 

controlled infusion pump universally acceptable.   
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APPENDIX C 

 
Code on ATMEGA328p  
 
#include <EEPROM.h> 

#include <LiquidCrystal.h> 

LiquidCrystal lcd(4, 5, 6, 7, 8, 9); 

const int stepPin = 1; 

const int dirPin = 0; 

float sp,temp; 

boolean pulse; 

int tdelay=0; 

void swCheck() 

{ 

if(digitalRead(19)==0 && sp<100) 

{ 

sp=sp+0.1; 

EEPROM.write(0, sp); 

delay(10); 

} 

else if(digitalRead(18)==0 && sp>0) 

{ 

sp=sp-0.1; 

EEPROM.write(0, sp); 

delay(10); 

} 

else if(digitalRead(17)==0) 

{ 

digitalWrite(dirPin,1); 

while(digitalRead(16)==1) 

{ 

digitalWrite(stepPin,pulse); 

pulse=!pulse; 

delay(2); 

} 

} 

else if(digitalRead(16)==0) 

{ 

digitalWrite(dirPin,0); 

delay(200); 

while(digitalRead(16)==0) 

{ 

digitalWrite(stepPin,pulse); 

pulse=!pulse; 

delay(1); 

} 

} 

} 
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void setup() { 

lcd.begin(16, 2); 

pinMode(stepPin,OUTPUT); 

pinMode(dirPin,OUTPUT); 

pinMode(19,INPUT); 

pinMode(18,INPUT); 

lcd.print("Test Proj"); 

sp = EEPROM.read(0); 

delay(1000); 

if(sp>100) 

{ sp=20;} 

lcd.clear(); 

lcd.print(" Speed "); 

lcd.setCursor(0,1); 

lcd.print("T "); 

} 

 

void loop() { 

digitalWrite(stepPin,pulse); 

pulse=!pulse; 

delay(sp); 

lcd.setCursor(7,0); 

lcd.print(100-sp); 

lcd.print("%"); 

temp=analogRead(A0); 

temp=(temp*4.88)/10; 

lcd.setCursor(2,1); 

if(tdelay>15) 

{ 

lcd.print(temp); 

lcd.print("C    "); 

tdelay=0; 

} 

swCheck(); 

tdelay++; 

} 

 


