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Abstract- The chosen idea is that of a Smart Hospital Bed for Paralytic Patients. I came across hospitals and NGO’s serving 

paralytic patients who have their whole or partial body disabled by the paralysis attack. These people in most cases are not 

able to convey their needs as they are neither able to speak properly nor do they convey through sign language due to loss in 

motor control by their brain. The focus of this project is to develop a software-hardware platform that addresses one of the 

costliest, acute health conditions of a paralytic patient. Caring for paralytic patient is extremely costly, increases the length of 

hospital stays and is very labor intensive. The proposed platform collects information from various sensors incorporated into 

the bed, analyzes the data to create a time-stamped, and commands the bed’s actuators to start ringing alarm whenever the 

patient shows a slight movement. These capabilities are combined to form a cognitive support system that augments the ability 

of a care giver, allowing them to provide better care to more patients in less time. For proof of concept, Ihave implemented 

algorithms and architectures that cover three key aspects of this platform: 1) data collection, 2) modeling & profiling, and 3) 

acting. 
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I. INTRODUCTION 
 
The 21st century’s healthcare systems are a part of the 

country’s economic development and play an important 

role by providing newly developed scientific technologies 

for public healthcare. One of the important and most 

overlooked disorder is Paralysis, which requires rigorous 

supervision of the patient for a long duration of time. 

There are various types of paralysis suffered due to stroke, 

brain injury, or spinal injury. According to the national 

spinal cord injury statistical center at UAB, due to spinal 

cord injuries in the United States resulted in 39.5% 

paraplegic and 59.9% quadriplegic. 

 
Present-day diagnosis and monitoring systems developed 

for paralytic patients are expensive technologies that can 

be procured and installed in hospitals or laboratories. Due 

to these drawbacks effectiveness of these technologies is 

limited to restricted sections of the society and 

indeveloped nations only. Research conducted by Reed, in 

2013 provided an estimate that spinal cord injury costs can 

run as high as $5 million or higher per individual patient. 

These demands can only be completed by developing a 

technology that is economically affordable and effective in 

providing better healthcare systems. 
 

Internet of Things (IOT) is one of the most in-demand 

technology fields in the market which is defined as the 

field which interrelates human to computer interface via 

computing devices or machines having unique identifiers 

via data transfer over a network. IOT has been putting a  

 

lot of research and innovation technology in advancing the 

various sectors of the society such as banking, business, 

household, healthcare, etc. Most significantly IOT has 

made good advancements in the field of healthcare; 

inventions of great equipment have helped to develop the 

sector. It has completely redesigned the health care sector 
in economic and technological prospects. Providing highly 

advanced and cheap care equipment for home care has 

always been the priority and has been able to succeed well 

in it. 

  

1. Background Study: 

As per a survey conducted by Reeve Foundation, there are 

1 in 50 people suffering from paralysis which is 

approximately 5.4 million people. Treatment of paralysis 

caused due to spinal cord injuries cost around $40 billion 

annually with a 317% increase from 1998. Around $158 
million dollars an average, spent on nursing which for a 

middle-class section of society which isn’t into their 

budget. 

 

There have been inventions using IOT as central idea that 

have been able to solve the issues of health monitoring, 

but the highly innovative sensors build up to an exorbitant 

range. Health monitoring system using raspberry pi and 

IOT build-up E.N.Ganesh which is used for heart activity 

checkup for the paralyzed patients. 

 

2. Statement of Problem: 
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Present and existing paralytic monitoring systems or 

devices are providing incomplete and less calibrated 
results as technological improvements have not been 

upgraded in these systems. Smart patient assistance and 

health monitoring system using IOT, proposed by 

B.Pavitra et.al which was previously developed has not 

been available for patient’s home care due to excessive 

cost for their treatment and rehabilitation. 

 

3. Proposed System: 

The present project focuses on development of smart 

hospital bed with 4 type of sensors containing a 

temperature sensor, pulse or heart-rate sensor, PIR or 

muscle sensor for calculating the movement in body part 
or muscles, saliva sensor, etc. are used to obtain the 

informationfrom the patient and the readings which are in 

the form of impulses are read and converted into signals 

(Analog-Digital Converters). With the usage of Arduino 

UNO, as a microcontroller signal are processed, and 

results are displayed on LCD. In case of an emergency a 

text message is sent to caretaker and a buzzer is blown 

using RF transmitter-receiver circuit. 

 

The proposed system is designed keeping in mind every 

paralytic patient (partial or complete) and for the caretaker 
to ease their work. The system has been installed with high 

technology sensors and devices which are less costly and 

provide us with precise results. 

 

4. Uniqueness of Project: 

Uniqueness of a project is a characteristic of a particular 

project that has special or unequalled parameters that 

determine the project’s originality and authenticity. It 

describes an absolute state of the project as compared to 

other projects. The following points are the uniqueness of 

our project “Smart Hospital Bed for Paralytic Patients”: 

 

 Less Manpower 

 Time Saving 

 Accuracy 

 Compactness 

 Precise 

 Cost Efficient 

 

II. LITERATURE SURVEY 

 
In advance telecommunication technology, people make it 

easier and faster to do something in a long distance with 

the short time. People always use the technology to 
complete the work or help a worker to take care of 

paralyzed patient especially at hospital and also for family 

who aid paralyzed patient at home or any specific area. 

Based on the sensor automated wheelchair project it states 

that, modern technology is better than earlier times 

because technology can reduce time and provides a facility 

to do daily life activities easily. 

 

To relate with problem statement, this project was 

indicated with utilized automated wheelchair that will help 
the handicapped or paralyzed person to move by using 

wheelchair without using their hand. The purpose of this 

project is like the paralyzed patient healthcare where 

below discussed both case studies were designed to help 

the disabled person in facilitating them in running their 

daily life in an easier way. Besides that, the automated 

wheelchair can also be used at hospital and specific area 

and same goes with paralyzed patient health care that fully 

used in hospital and still suitable to place the project at 

specific area such as elderly care center. However, this 

proposed project only used hand movement to operate by 

using movement gesture sensor. 
 

Even though these projects used main device and sensors, 

but the purpose of the project is same and can solve the 

problem of paralysis patient in their daily life. Besides 

that, based on the survey the major effects on paralytic 

patient is that their movement is restricted, and every 

patient requires almost 24 hours’ support. This project is 

designed to help paralyzed patient to control their daily 

life activities without any assistance from another person. 

 

1. Case Study- I: Development Of Automatic 

Healthcare Instruction System Via Movement Gesture 

Sensor For Paralytic Patient: 

1.1 Methodology: 

S.A.C. Aziz et.al. proposed project which used the 

technology in telecommunication, where the evolution in 

telecommunication was applied in this project by using 

GSM module SIM900A. At the same time, a few circuit 

and software such as Arduino IDE compiler was used as a 

controller for all the main and sub equipment. A few main 

components and equipment’s are used in this project such 

as gesture sensor (APDS-9960) which controlled by 

Arduino board which act as microcontroller by using GSM 
module SIM900A. By using the gesture sensor of (APDS-

9960), it will aid the patient to convey anything that they 

want through the GSM module by sending message. 

 

The function of this sensor is that the patient just needs to 

swipe hand at gesture sensor to convey a message. Besides 

that, the data will be displayed on LCD screen making it 

easier for the patient to convey the needs. Other than that, 

the buzzer will blow when there is an emergency, if the 

patient swipes hand. 

 
The main concept of entire project is the hand gesture 

movement which acts as a transmit signal while the 

gesture sensor will have received signal and send data to 

Arduino board. This concept will help paralyzed patient to 

convey their instructions or needs. 

 

1.2 Hardware Implementation and Working: 

The circuit implementation briefly explains the whole 

circuit in the project system and also explains about the 

flow chart, which is used in the circuit. Regarding the 
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project design, it is based on an automatic paralysis 

healthcare system which facilitates the paralytic patient to 
get treatment at home or at hospital. Besides, the system of 

this project also aids the family patient or medical staff to 

take care them easily and doesn’t require caretaker to sit 

24 hours besides the patient. The operation of gesture 

sensor is to detect any movement with any part of the 

body, mostly by hand which is used to convey 

  

instructions to help them. For example, medical staff or 

nurse at hospital are responsible to treat and care the 

patient almost 24 hours every day. There are several hand 

movements and directions set up and each movement’s 

direction will indicate different type of instructions for 
example, help for meals, assist to toilet etc. So, this system 

helps to facilitate the care which is required by the 

paralytic patient. 

 

In this project, GSM Module SIM900A is used for sending 

simple message (SMS) to the caretaker after receiving 

signal from Arduino UNO. The APDS-9960 RGB and 

gesture sensor is a one of the sensors that combines human 

and machine interface. This sensor only requires the 

gesture by swiping hand over it. This sensor is used to 

detect some movement or gesture of human. This sensor 
consists of five inbuilt sensors depending on internet of 

sensors. There are 6 types of gestures which are used in 

this project: up, down, right, left, near and far. For up, 

down, left and right requires a distance of around 4 to 8 

inches (10 to 20 cm) above the sensor while for far and 

near a different way is used to detect. To detect near 

gesture part, it will be achieved by holding hand far above 

the sensor around 25cm and then need to bring hand close 

about 5cm over the sensor and hold it for at least one 

second. For far gesture part, it will be achieved when hand 

is direct above, close to the sensor about 5cm for at least 

one second. 
 

1.3 Flow Chart: 

 

 
Fig 1. Flow Chart of automatic healthcare instruction 

system via movement gesture sensor for paralysis patient. 

1.4 Conclusion and Future Scope: 
The project was developed to create a system using 
Arduino as the main controller. Aligned with current 

technologies, this project was created to ensure the 

paralytic patient obtain the best treatment and care during 

their treatment in hospital. Other than that, it was also 

created to analyze the performance of APDS-9960 with 

GSM module to give attention so that it’s easy to assist 

their patient before asking what they want. Finally, a few 

improvements still need to be done regarding the research 

of automatic healthcare system using GSM system. 

 

To ensure the system’s efficiency, few modifications 

should be made to create more sophisticated idea for this 
system. Thus, the automatic healthcare system using GSM 

can be upgraded by using several other components, 

aligned with the latest technology.  

 

A few recommendations can be applied such as upgrading 

the system at transmission system from GSM Module to 

the wireless system communication because this system is 

not dependent on the coverage network from service 

providers and this system is more sophisticated than GSM 

system. Use the accelerometer system to ensure that the 

gesture movement is capable to read the distance of 5 
meter and by using accelerometer patient can make sign 

language via fingers because this system uses x, y, z 

concept. Adding the gyroscope system will help to detect 

if a patient falls down. Hence, make this project more 

useful for patients. 

 

2. Case Study- II: Assisting System For Paralytic 

Patient 

 

2.1 Methodology: 

Prof. R.K.Moje et.al. Proposed project on monitoring 

system, the implementation of the module is for paralyzed 
patients. The primary function of this system is to monitor 

the heart rate, breathing rate, temperature of the patient 

and the data collected by the sensors are sent to the 

msp430 Launchpad. This Launchpad will process the 

sensed data using the embedded program for the required 

parameters using code composer studio complier. The 

program is available for monitoring at the operational 

levels. 

 

The normal heartbeat range of a paralyzed person is nearly 

60-100 beats per minute. If the range reaches below 60, it 
leads to heart blockage and when the range exceeds 100, it 

leads to anxiety and tachycardia. So, when it increases or 

decreases the status of the patient pulse rate will be 

intimated. The normal temperature of a paralyzed patient 

shall be 98.6 F i.e. 37 C. If the range reaches above or 

below 98.6, it leads irrational thinking and health 

problems. This can be measured to know the rise in 

temperature. The normal respiratory rate of a paralytic 

patient can be nearly 12-20 breathes per minute. The rate 

is usually measured when a person is at rest and simply 
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involves counting the number of breaths for one minute by 

counting how many times the chest rises. If the respiration 
rate increasesor decreases 12-20 breathe per minute, it will 

be intimated. 

 

All the basic parameters are monitored and if there is a 

dangerous change in paralytic patient's status then a 

message will be intimated to the doctor and caretaker 

about the condition of the patient. This contribution of 

monitoring system is for better process management, 

superior flexibility, and increased efficiency within 

hospitals. 

 

2.2 Hardware Implementation and Working: 
This system is divided into two major parts home 

automation system and constant patient monitoring system 

in which automation system consists of three major 

sections namely the blink sensor, ARM controller board, 

and the driver circuit. The eye blink sensor is an IR based 

blink sensor. If the eye is closed, it means the output is 

high otherwise the output is low. Here the input is sampled 

two times per second and depending on the time taken per 

blink; these input blinks are classified as a short or long 

blink. Since two appliances are controlled simultaneously. 

A goggle is developed for perfect and constant eye 
blinking detection. And after that we have developed a 

constant patient monitoring system in which some sensors 

respiration sensor, heartbeat and temperature sensor are 

used. 

 

2.3 Conclusion and Future Scope: 

The system is inexpensive, simple and dependable 

assembly. This system provides the ability to operate 

devices without anyone is help also it monitors patient 

health parameters so that patient doesn’t require to go 

hospital for normal parameter checkup. This system 

provides a facility, if the body parameters are changed 
suddenly from their ideal ranges and goes in danger zone 

then SMS is immediately sent to patients relative or doctor 

for critical care so it provides a complete care unit for 

paralyzed patient. 

 

The future scope of this project is that system can be made 

smarter and efficient by making the goggle wireless for 

eye blink detection. It can be made by using Bluetooth and 

Wi-Fi technology, so as to make system efficient and 

secure as well as easy to handle. Also, for constant patient 

monitoring some indications for security can be added like 
buzzer or light indicators.  

 

Also, instead of using GSM we can use ZigBee module to 

monitor patient’s parameters on computing machine in 

case if patient is in hospital. So, it becomes useful in 

hospitals for continuous monitoring of body parameters on 

main computing machine of hospital ward. This IR based 

home automation system is smart, secured and real time 

system serves as a reliable and efficient system for 

paralyzed people for controlling home devices like fan etc. 

III. FLOW CHART 

 
In this chapter, we will see the working of project in the 

form of graphical representation. In this we will be 
discussing following points: 

 Signal flow of entire project. 

 Processing at each block. 

 Inputs given to each block. 

 Outputs obtained from each block. 

 

1. Process Flow Chart: 

 

 
Fig 2. Flow Chart. 

 

2. Explanation of Process Flowchart 

 Step 1: Initially, as the model starts, patient’s 

temperature and pulse reading is simultaneously shown 

on LCD via temperature sensor (LM-35) and pulse 

sensor. 

 Step 2: When patient secrete saliva, sensor senses the 

saliva it automatically blows a buzzer and caretaker 

knows that the patient has secreted the saliva. 

 Step 3: When there is some movement by the patient 

then metallic track transmits the signal, then signal is 
received by RF transmitter. RF transmitter switches ON 

the doorbell and sends message to the registered mobile 

number. 

 

IV. PROJECT BLOCK DIAGRAM 
 

1. Project Block Diagram: 
For designing “Smart Hospital Bed for Paralytic Patient”, 

we shall be using an open source platform named Arduino 

which works on 5V dc power supply. Temperature sensor 

(LM-35) and Pulse sensor is connected to Arduino which 

works on 4V to 20V and 3V to 5V dc power supply 

respectively and their readings are shown on LCD 



 

 

© 2021 IJSRET 
1711 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 7, Issue 3, May-June-2021, ISSN (Online): 2395-566X 

 

 

simultaneously. Saliva sensor is connected to the Arduino 

which provides the signal to buzzer. 
 

Another module, Metallic track is connected to Arduino 

which gives signal to RF transmitter, RF transmitter 

detects the signal, switches ON bell, and gives signal to 

GSM module for generating message. 

 

 
Fig 3. Block Digram of Project. 

 

2. Description of Project: 

This project ensures that the paralyzed patient obtain the 

best treatment and care. The project was designed to create 

a system using Arduino as main controller. Arduino is one 

of the electronic components that uses the microcontroller 

ATmega 328 interface. 

 

Temperature sensor, LM-35 is used to check the 

temperature of patient which works on 4V to 20V dc 

power supply and it can measure the temperature ranging 
between -55 C to 150 C and the reading will be displayed 

on LCD, there will be rise of 0.01 V (10 mV) for every 

degree Celsius rise in temperature. 

  

Pulse sensor is used to incorporate live heart rate data of 

patient on LCD. It works on 3V to 5V dc power supply. 

The pulse sensor is an exposed circuit board, and if anyone 

touches the solder points it may shot the circuit or may 

introduce unwanted signal noise. So, it is preferred to use 

thin film of vinyl to seal the sensor sides. For sensing the 

saliva, a conductor will be used, as the saliva comes in 
contact with the conductor it will blow the buzzer. 

 

The metallic track is used as a gesture sensor that 

combines human and machine interface. The gesture is 

made by swiping finger/hand over the sensor. This sensor 

detects the movement or gesture of patient and sends 

signal to RF transmitter which will ring a bell. The GSM 

Module SIM 900A used for sending simple message 

(SMS) to the consumer after receiving signal from 

Arduino UNO and RF transmitter. 

3. Electronics Component Design: 

The main part of the project is the prototype model of 
“Smart Hospital Bed for Paralytic Patient” which will 

illustrate how the components are intended to be deployed.  

 

This willinclude: 

 Arduino UNO Microcontroller 

 Adaptor 

 PCB 

 Soldering Iron 

 Soldering Wire 

 GSM Module 

 Pulse Sensor 

 16x2 LCD 

 RF Module (Transmitter and Receiver) 

 Temperature Senor 

 Relay Card 

 

3.1 Arduino UNO Microcontroller: 

For the development of our Smart Hospital Bed for 

Paralytic Patients, we shall be using an open source 

platform named Arduino. Arduino is the name of the 

hardware, which includes physical programmable circuit 

board, a piece of software, or IDE (Integrated 
Development Environment) which runs on computer and 

is used for writing and uploading codes to the physical 

board. 

 

The Arduino is easy to use because it does not need a 

separate programming hardware to upload the codes to the 

physical board. In the case of Arduino, one shall connect 

the Board directly to the computer and upload the 

computer code to it directly using the IDE. The 

programming language used is simplified version of C++. 

This makes it easier for the user to program because of 

working on a similar programming language. Arduino 
boards are inexpensive in reference to the functions that 

they provide combined with the fact that it can interact 

with many sensors of different types as well as motors. 

The software for the board can also be downloaded free of 

cost. There are many varieties of the Arduino board 

available with different configurations for different 

functions. 

 

 
Fig 4. Arduino Board. 
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Fig 5. Circuit Diagram of Arduino UNO. 

 

 
Fig 6. Arduino Architecture. 

 
The major components that comprise the Arduino are as 

follows: 

 

3.1.1 Power (USB/ Barrel Jack): This cable can power 

the Arduino board. It needs to be connectedto the physical 

board as well as the computer or a wall supply. The USB 

cable is also the connection through which the computer 

uploads the programed codes onto the board. 

3.1.2 Pins (5V, 303V, GND, Analog, Digital, PWM, 

AREF): Pins are that part of the circuit, which let us 

connect the various microcontroller outputs and inputs to a 
circuit. These circuits are usually assembled on a 

breadboard for testing purposes. For connecting the 

Arduino to the breadboard, one uses jumper wires from 

the pin to the circuit board. In addition, once the pins are 

connected to the breadboard, one can easily make the 

connections for the circuit to be used. 

3.1.3 Reset Button: Just like any other modern-day 

microcontroller board, this one has a reset button too. 

Pushing this button temporarily connects the reset pin of 

the micro-controller to the ground which leads to 
restarting of any code loaded on the Arduino. 

3.1.4 Power LED Indicator: A tiny LED present on the 

board of the Arduino to let us know if the board is 

powered or not. 

3.1.5 TX - RX LED’s: TX is short for transmit; RX is 

short for receive. These are used for tracking the activity 

of pins responsible for Serial Communication. The TX and 

RX appear once by digital pins 0 and 1, and the second 

one is next to the TX and RX indicator LEDs. These give 

us indications of serial communications occurring at the 

respective time. 

3.1.6 Main IC: It is the brain of the Arduino. The main IC 
of the Arduino depends on the different configuration of 

the Arduino. The IC is usually an Atmega line of IC’s 

from the ATMEL Company. This information is quite 

important as the IC type decides the kind of task the board 

is capable of and also the IC type is necessary for the 

software to upload the code from the computer. 

3.1.7 Voltage Regulator: This component is not 

something you can interact with the Arduino. However, it 

is a very important part of the board. The purpose of the 

voltage regulator is quite evident from the name itself – 

controlling the amount of voltage that gets into the 
Arduino board. It behaves as a kind of Gatekeeper that 

stops all the extra current entering the board. 

 

 
Fig 7. Pin Configurations of Arduino UNO. 

 

3.2 Adaptor: 

An adaptor is a device that converts attributes of one 

electrical device or system to those of an otherwise 

incompatible device or system. Some modify power or 

signal attributes, while others merely adapt the physical 

form of one connector to another. 

 

3.3 PCB: 
A printed circuit board (PCB) mechanically supports and 

electrically connects electronic components using 

conductive tracks, pads and other features etched from 

copper sheets laminated onto a nonconductive substrate. 
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Components (e.g. capacitors, resistors or active devices 

generally soldered on the PCB. 

 

3.4 Soldering Iron: 

A soldering iron is a hand tool used in soldering. It 

supplies heat to melt solder so that it can flow into the 

joint between two work pieces. A soldering iron is 

composed of a heated metal tip and an insulated handle. 

Heating is often achieved electrically, by passing an 

electric current (supplied through an electrical cord or 

battery cables) through a resistive heating element. 

 

 
Fig 8. Soldering Iron. 

 

3.5 Soldering Wire: 

Tin-lead (Sn-Pb) solders, also called soft solders, are 

commercially available with tin concentrations between 

5% and 70% by weight. The greater the tin concentration, 

the greater the solder’s tensile and shear strengths. 

Historically, lead has been widely believed to mitigate the 

formation of tin whiskers, though the precise mechanism 

for this is unknown. Today, many techniques are used to 

mitigate the problem, including changes to the annealing 

process (heating and cooling), addition of elements like 

copper and nickel, and the inclusion of conformal 

coatings. Alloys commonly used for electrical soldering 
are 60/40 Sn-Pb, which melts at 188 °C (370 °F). 

 

 
Fig 9. Soldering Wire. 

 

3.6 GSM Module: 
The SIM900A is a complete Dual-band GSM/GPRS 

solution in a SMT module which can be embedded in the 

customer applications, works on frequencies 900/ 1800 

MHz Featuring an industry-standard interface, the 

SIM900A delivers GSM/GPRS 900/1800MHz 

performance for voice, SMS, Data and Fax in a small form 

factor and with low power consumption. 

3.6.1 Features: 

 Dual-Band 900/ 1800 MHz 

 GPRS multi-slot class 10/8GPRS mobile station class 

B 

 Compliant to GSM phase 2/2+Class 4 (2 W @850/ 

900 MHz) 

 Class 1 (1 W @ 1800/1900MHz) 

 Control via AT commands (GSM 07.07 ,07.05 and 

SIMCOM enhanced AT Commands) 

 Low power consumption: 1.5mA (sleep mode) 

 Operation temperature: -40°C to +85 °C 

 Sim card holder 

 Status indicator (D5): It will flash continuously 
whenever the call arrives otherwise it is left ON. 

 

 
Fig 10. GSM Module. 

  

3.7 Pulse Sensor: 

It is an instant plug in and play type sensor to calculate 

biometric pulse rate. It is now days mostly used in smart 

watches and oximeters as portable heart rate check devices 

for the sports persons, old age people also normal person. 

It is two sided sensors one side it has the circuitry and 

other side the ambient light sensor, also the circuit is 
capable of signal amplification and noise cancellation. 

 

It works when we put our finger on the ambient light 

sensor which falls on the vein directly and when the blood 

flow inside out in the veins with the heart pumping will 

picked up by the ambient light and this change is analyzed 

over time to get our heart rate. 

 

 
Fig 11. Pulse Senor. 
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3.7.1 Specifications of Pulse Sensor: 

 This is a hear beat detecting and biometric pulse rate 
sensor 

 Its diameter is 0.625 

 Its thickness is 0.125 

 The operating voltage is ranges +5V otherwise +3.3V 

 This is a plug and play type sensor 

 The current utilization is 4mA 

 Includes the circuits like Amplification & Noise 

cancellation 

 This pulse sensor is not approved by the FDA or 

medical. So, it is used in student-level projects, not for 

the commercial purpose in health issues applications. 
 

Table 1. Pin configuration of pulse sensor. 

 
 

3.8 16x2 LCD: 
LCD is an electronic visual showcase, or feature show that 

uses the light balancing properties of fluid gems. Fluid 

gems don't discharge light directly. LCDs are accessible to 

show discretionary pictures (as in a broadly useful PC 

show) or altered pictures which can be shown or covered 

up, for example, preset words, digits, and 7-section shows 

as in a computerized clock. They utilize the same 

fundamental innovation, with the exception of that 

discretionary pictures are comprised of an extensive 

number of little pixels, while different showcases have 

bigger components. LCDs are utilized as a part of an 

extensive variety of utilizations including PC screens, 
TVs, instrument boards, airplane cockpit presentations, 

and signage. 

  

They are basic in shopper gadgets, for example, DVD 

players, gaming gadgets, timekeepers, watches, number 

crunchers, and phones, and have supplanted cathode beam 

tube (CRT) shows in many applications.16×2 LCD is 

named so because; it has 16 Columns and 2 Rows. There 

are a lot of combinations available like, 8×1, 8×2, 10×2, 

16×1, etc. but the most used one is the 16×2 LCD. So, it 

will have (16×2=32) 32 characters in total and each 
character will be made of 5×8 Pixel Dots. A Single 

character with all its Pixels is shown in the below picture. 

 

 
Fig 12. LCD Display. 

Now, we know that each character has (5×8=40) 40 Pixels 

and for 32 Characters we will have (32×40) 1280 Pixels. 
Further, the LCD should also be instructed about the 

Position of the Pixels. Hence it will be a hectic task to 

handle everything with the help of MCU, hence an 

Interface IC like HD44780is used, which is mounted on 

the backside of the LCD Module itself. The function of 

this IC is to get the Commands and Data from the MCU 

and process them to display meaningful information onto 

our LCD Screen. 

 

3.8.1 Features of 16x2 LCD Display: 

 Operating Voltage is 4.7V to 5.3V 

 Current consumption is 1mA without backlight 

 Alphanumeric LCD display module, meaning can 

display alphabets and numbers 

 Consists of two rows and each row can print 16 

characters 

 Each character is built by a 5×8-pixel box 

 Work on both 8-bit and 4-bit mode 

 It can also display any custom generated characters 

 Available in Green and Blue Backlight 

 

3.9 RF Module (Transmitter and Receiver): 
The RF module consists of Transmitter and receiver which 

operates on a frequency of 434 MHZ and the data 

transmission and receiving occurs on very rate from 

1Kbps- 10Kbps. 

 

 
Fig 13. RF Module (Transmitter and Receiver). 

 

The basic principle of this module is to work on 

Amplitude Shift Key modulation of the signal transmitting 

the free space which is far better than that through IR 

signals. 

 

 
Fig 14. Block Diagram of RF Transmitter and Receiver. 
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Fig 15. Circuit Diagram of RF Transmitter. 

 

 
Fig 16. Circuit Diagram of RF Receiver. 

 

3.10 Temperature Senor: 

LM35 is a precision IC temperature sensor with its output 

proportional to the temperature (in Celsius). The sensor 

circuitry is sealed and therefore it is not subjected to 

oxidation and other processes. With LM35, temperature 

can be measured more accurately than with a thermistor. It 

also possesses low self-heating and does not cause more 

than 0.1 Celsius temperature rises in still air. The 

operating temperature range is from -55°C to 150°C. The 
output voltage varies by 10mV in response to every 

Celsius rise/fall in ambient temperature, i.e., its scale 

factor is 0.01V/ Celsius. 

 

 
Fig 17. Circuit Diagram of Temperature Sensor25. 

3.10.1 Features of LM35: 

 Calibrated directly in ˚ Celsius (Centigrade) 

 Linear + 10.0 mV/˚C scale factor 

 0.5˚C accuracy guarantee able (at +25˚C) 

 Rated for full −55˚ to +150˚C range 

 Suitable for remote applications 

 Low cost due to wafer-level trimming 

 Operates from 4 to 30 volts 

 Less than 60 µA current drain 

 Low self-heating, 0.08˚C in still air 

 Nonlinearity only ±1⁄4˚C typical 

 Low impedance output, 0.1 Ω for 1 mA load 

 

 
Fig 18. LM 35 Temperature Senor. 

 

Table 2. Pin configuration of temperature sensor. 

 
 

3.11 Relay Card: 

A relay is an electrically operated switch. Relays are 
switches that open and close circuits electromechanically 

or electronically. 

  

Relays control one electrical circuit by opening and 

closing contacts in another circuit. In either case, applying 

electrical current to the contacts will change their state. 

Relays are generally used to switch smaller currents in a 

control circuit and do not usually control power 

consuming devices except for small motors and solenoids 

that draw low amps. Nonetheless, relays can "control" 

larger voltages and amperes by having an amplifying 

effect because a small voltage applied to a relay coil can 
result in a large voltage being switched by the contacts. 

 

 
Fig 19. Relay Card. 
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V. PROSPECTIVE LEARNING 

 
In this project there are various outcomes and prospective 

learning for the final development of the Smart Hospital 
Bed for Paralytic Patients project. This project has taught 

us a lot of things and has made us technically strong. 

Through this project we got to practically apply what we 

have learnt about the various concepts & technology 

taught to us theoretically over the past couple of years. We 

learnt how to interface a sensor circuit which was only 

possible after learning about various sensors and chips. 

 

We require the hardware electronics components for the 

working of the system and for controlling the system we 

need software applications. There are few steps involved 

in making this project. First step is to design the system. 
Second step is combining of different hardware 

components with each other for the working of the project. 

Third step is controlling the system using software 

application. Each step helped us learn an important 

learning, learning of different steps includes: - 

 

 In the first step we design the structure of the project and 

how the system is working in the field. In the part of 

designing we learnt about different components and the 

use of electronics components which is helping in the 

project. We learn that how to deal with different 
electronic components and make different design of the 

system for the optimum solution. 

 

 In second step we saw the combination of the hardware 

system. We learnt about the different hardware 

components and working of all components. Every 

component in the project plays an important role in the 

system. We use Arduino as microcontroller and use 

different sensors for different purpose on the field. After 

seeing the datasheet of different sensors, we can easily 

see the use and working of sensors. From this project we 
learnt about the microcontroller its working and coding. 

 In the third step we worked on the software part of the 

project. We learnt how to control the components using 

the software application. We build an application which 

controls all the sensors and working of the 

microcontroller. We learn how to deal with the software 

part and how to make software application which 

controls the hardware components. 

 

By following these three steps we learnt the use of 

software and hardware and mainly how to integrate both 

and then troubleshoot the problems. By making this 
project we can solve the problem of continuous 

observation of paralytic patients. We learnt many new 

things related to hardware and software from this project. 

 

1. Outcomes: 

There are various outcomes of this project “Smart Hospital 

Bed for Paralytic Patients”. This provides a promising way 

to deliver high quality, satisfying health care without 

increasing (and possibly decreasing) health care costs. 

This project proposes an automated smart bed system for 
paralytic patients which not only monitors their body 

temperature and pulse rate but also takes care of the body 

movement of the patient. 

 

These sensed values are displayed on LCD monitor. The 

setup uses temperature and pulse sensor which measures 

the body temperature and pulse rate. This saves time and 

cost that is used in taking care of a paralytic patient.  

 

Caretaker is kept in touch with real values signaled at RF 

transmitter and rings a bell so that caretaker can come and 

check the needs of patient.  
 

Not only this using communication channel established 

through GSM module it sends an SMS at any time. Hence, 

caretaker or family member can know what patient 

requires for his/her need, reducing efforts of the caretaker 

sitting throughout the day idly with patient. These sensors 

are made to work by interfacing them with a 

microcontroller such as Arduino UNO. 

 

VI. SIMULATION DESIGN AND CODES 

 
The Proteus Design Suite is a proprietary software tool 

suite used primarily for electronic design automation. The 
software is used mainly by electronic design engineers and 

technicians to create schematics and electronic prints for 

manufacturing printed circuit boards. It was developed in 

Yorkshire, England by Lab center Electronics Ltd. Proteus 

is also used for designing/testing programming codes for 

different Microcontrollers i.e. Arduino, PIC Micro 

controller, 8051 etc. 

 

1. Temperature Sensor Module: 

LM35 offers analog voltages with respect to the 

temperature it is kept in. Since the temperature cannot be 

changed in simulation, the simulated model can be 
controlled using the temperature buttons. As the 

temperature for a simulation model of LM35 is variated, 

the instructions for rising temperature are forwarded to the 

sensor. LM35 offers rise of 10mv/degree Celsius. 

 

1.1 Simulation of Temperature Sensor Module: This 

simulation has been created on Proteus 8 and the libraries 

used are easily available on the internet. First, add all 

necessary components and connect them as illustrated in 

the circuit diagram.  

 
As these output voltages of LM35 are analog and analog 

values cannot be directly processed by the MCU, these 

values are first passed to Analog to Digital Converter. The 

digitally converted value is further processed as per the 

algorithm. These digital inputs are used for calculation of 

temperature in degree Celsius and Fahrenheit. The 

temperature is further displayed on the LCD connected 
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with Arduino. The LCD has data pins, read/write enable 

configurations for further features. 
 

It is essential to connect each connection as demonstrated 

in simulation. The battery source voltage must be 

maintained 5v. Although in simulation, even if voltages 

exceed 5v, they cause no harm to the components but 

practically, the rated voltages of components must be 

considered. Exceeding 5v can permanently damage 

components. 

 

Run the simulation and observe functioning by varying 

temperature on the sensor. If the temperature on the LCD 

varies just according to the temperature changes made on 
the sensor, the simulation is working correctly. 

 

If the temperature displayed on the LCD is not changing 

with respect to the sensor’s temperature, check the 

connection of the sensor with Arduino and ensure the 

MCU coding is according to the code supplied. If the there 

is no display on the LCD, the connections between LCD 

and Arduino might be wrong or alternatively, the library 

of LCD or commands must be inaccurate in code. 

 

 
Fig 20.Tempreture Sensor. 

 

 
 

Fig 21. Output of simulation of Temperature Sensor. 

1.2 Code of Temperature Sensor Module: The code for 

Arduino UNO has been simulated on Arduino IDE. 
Fortunately, Arduino IDE offers impressive functions such 

as runtime results of code on Serial Monitor and loads of 

built-in libraries. 

 

The code starts with a declaration of LCD library and pin 

configuration for Arduino UNO. All the variables and pin 

configurations are defined in the beginning. 

 

In setup function, LCD is initialized with commands and 

the baud rate is set for proper communication. The main 

part of the code is present in loop function which is 

supposed to run over and over again unless the power 
supply for MCU is cut off. 

 

The Analog to Digital conversion is performed and the 

temperature is in Celsius is calculated. This temperature is 

displayed on the serial monitor which can be observed 

only if the hardware is connected. The measured 

temperature is then displayed on the LCD with specific 

commands. 

 

1.3 Code: 

 
#include<LiquidCrystal.h> LiquidCrystal lcd(12, 11, 5, 4, 

3, 2); 

const int sensor=A1; // Assigning analog pin A1 to 

variable 'sensor' float tempc; //variable to store 

temperature in degree Celsius 

float tempf; //variable to store temperature in Fahreinheit 

float vout; //temporary variable to hold sensor reading 

void setup() 

{ 

pinMode(sensor,INPUT); // Configuring pin A1 as input 

Serial.begin(9600); 

lcd.begin(16,2); delay(500); 
} 

void loop() 

{ 

vout=analogRead(sensor); vout=(vout*500)/1023; 

tempc=vout; // Storing value in Degree Celsius 

tempf=(vout*1.8)+32; // Converting to Fahrenheit 

lcd.setCursor(0,0); 

lcd.print("in DegreeC= "); lcd.print(tempc); 

lcd.setCursor(0,1); lcd.print("in Fahrenheit="); 

lcd.print(tempf); 

delay (1000); //Delay of 1 second for ease of viewing in 
serial monitor 

} 

 

2. Pulse Sensor Module: 

It is an instant plug in and play type sensor to calculate 

biometric pulse rate. It is now days mostly used in smart 

watches and oximeters as portable heart rate check devices 

for the sports persons, old age people also normal person. 

It is two sided sensors one side it has the circuitry and 
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other side the ambient light sensor, also the circuit is 

capable of signal amplification and noise cancellation. 
 

2.1 Simulation of Pulse Sensor Module: This simulation 

has been created on Proteus 8 and the libraries used are 

easily available on the internet. The circuit diagram for 

interfacing pulse sensor with Arduino and LCD is given 

below. When a heartbeat occurs, blood is pumped through 

the human body and gets squeezed into the capillary 

tissues. Consequently, the volume of these capillary 

tissues increases. But in between the two consecutive 

heartbeats, this volume inside capillary tissues decreases. 

This change in volume between the heartbeats affects the 

amount of light that will transmit through these tissues. 
This can be measured with the help of a microcontroller. 

 

The pulse sensor module has a light which helps in 

measuring the pulse rate. When we place the finger on the 

pulse sensor, the light reflected will change based on the 

volume of blood inside the capillary blood vessels. This 

variation in light transmission and reflection can be 

obtained as a pulse from the output of pulse sensor. This 

pulse can be then conditioned to measure heartbeat and 

then programmed accordingly to read as heartbeat count 

using Arduino. 
 

  
Fig 22. Simulation of Pulse Module. 

 

  
Fig 23. Output of simulation of Pulse Module. 

 
Fig 24. Output waveform of Pulse Sensor. 

 

2.2 Code of Pulse Sensor Module: 

 

#define USE_ARDUINO_INTERRUPTS true 
#include <PulseSensorPlayground.h> // Includes the 

PulseSensorPlayground Library. 

#include<LiquidCrystal.h> 

LiquidCrystal lcd(7, 6, 5, 4, 3, 2); // Variables 

const int PulseWire = 0; // PulseSensor PURPLE WIRE 

connected to ANALOG PIN 0 const int LED13 = 13; // 

The on-board Arduino LED, close to PIN 13. 

int Threshold = 550; // Determine which Signal to "count 

as a beat" and which to ignore. 

// Use the "Gettting Started Project" to fine-tune Threshold 

Value beyond default setting. 

// Otherwise leave the default "550" value. 
PulseSensorPlayground pulseSensor; 

void setup() 

{ 

Serial.begin(9600); // For Serial Monitor lcd.begin(20,4); 

// Configure the PulseSensor object, by assigning our 

variables to it. pulseSensor.analogInput(PulseWire); 

pulseSensor.blinkOnPulse(LED13); //auto-magically

 blink Arduino's LED with 

// heartbeat. 

pulseSensor.setThreshold(Threshold); 

// Double-check the "pulseSensor" object was created and 
"began" seeing a signal. 

if (pulseSensor.begin()) 

{ 

Serial.println("We created a pulseSensor Object !"); 

lcd.setCursor(0,0); 

lcd.print(" Heart Rate Monitor"); 

} 

} 

void loop() 

{ 

int myBPM = pulseSensor.getBeatsPerMinute(); 
// "myBPM" hold this BPM value now. if 

(pulseSensor.sawStartOfBeat()) 

{ 

Serial.println(" A HeartBeat Happened ! "); 

Serial.print("BPM: "); // Print phrase "BPM: " 



 

 

© 2021 IJSRET 
1719 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 7, Issue 3, May-June-2021, ISSN (Online): 2395-566X 

 

 

Serial.println(myBPM); // Print the value inside of 

myBPM. lcd.setCursor(0,2); 
lcd.print("HeartBeat Happened !"); // If test is "true", print 

a message "a . . 

//heartbeat happened". lcd.setCursor(5,3); 

lcd.print("BPM: "); // Print phrase "BPM: " 

lcd.print(myBPM); 

} 

delay(20); // considered best practice in a simple sketch 

} 

  

3. Saliva Sensor and PIR (motion) Sensor: 

Moisture Sensor is a tool used for sensing moisture, here 

we have used to detect saliva. It consists of two modules, a 
moisture board that detects the drops and a control 

module, which compares the analog value, and converts it 

to a digital value. 

 

3.1Simulation of Saliva Sensor and PIR (motion) 

Sensor: This simulation has been created on Proteus 8 and 

the libraries used are easily available on the internet. 

 

The circuit diagram for interfacing Saliva sensing using 

Moisture sensor and PIR motion sensor and displayed over 

a virtual terminal. A buzzer is also attached with the 
Aurdino for the output of Moisture sensor. 

 

 
Fig 25. Output of simulation of Saliva Sensor and PIR 

(Motion) Sensor. 
 

The control module has 4 pins Vcc which is connected to a 

+5V dc voltage, GND which is connected to ground, S pin 

for digital output from the microcontroller, Aurdino in this 

case, it is connected.  

 

A testpin helps us to check if the circuit designed is 

providing desired results as a LOW input to testpin will 

give response “No Saliva” and a HIGH input will give a 

response “Saliva”. The buzzer switches ON when the 

response is HIGH, i.e., “Saliva” is detected to inform the 

nearby nurse or care assistance. PIR or Passive Infrared 
(Motion) sensor is used if the patience makes a sudden 

movement of any limb which is not paralyzed and 

displayed over Virtual Terminal in case of any emergency. 

It also has 3 pins, Vcc which is connected to a +5V dc 
voltage, GND which is connected to ground, Output pin 

for digital output from the microcontroller, Aurdino in this 

case. 

 

3.2 Code of Saliva Sensor and PIR (motion) Sensor: 

The code for Arduino UNO has been simulated on 

Arduino IDE. Fortunately, Arduino IDE offers impressive 

functions such as runtime results of code on Serial 

Monitor and loads of built-in libraries. 

 

The code starts with a declaration of LCD library and pin 

configuration for Arduino UNO. All the variables and pin 
configurations are defined in the beginning. 

 

void setup() 

{ 

} 

Serial.begin (9600); pinMode (2 , INPUT); 

pinMode(7,OUTPUT); pinMode (12 , INPUT); 

void loop() 

{ 

int s = digitalRead(2); if(s==1) 

{ 
Serial.println("Saliva"); digitalWrite(7,HIGH); delay(500); 

} 

else if(s==0) 

{ 

Serial.println("No Saliva"); digitalWrite(7,LOW); 

delay(500); 

} 

if(digitalRead(12)==1) 

{ 

Serial.println("Motion Detected"); 

} 

} 

VII. SUMMARY AND CONCLUSION 
 

1. Monitoring and Assistive Solutions: 

Available as integrated functions for commercial beds and 

research proposals, patient monitoring is the most 

extended group among comprehensive proposals for the 
care of high-risk or long-term patients. Varied systems for 

fall and agitation detection, around the bed, can be 

valuable additions to the medical bed, allowing for 

patient’s care environments and active sensor-networks. 

Based on acquired data concerning the state of the patient 

or device, these monitoring proposals can either show the 

detected state, emit alarms or act autonomously against 

detected hazards. Patient-motion sensors, in contact with 

the subject, can perform similar tasks concerning the 

detection and alert of lack of mobility (Leaf Healthcare 

Inc. developed one such device), as isolated additions. 

 
Finally, patient-motion assistance is another field of 

research that is valued for the care of the older and 

disabled patients, with research solutions, as well as 
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consumer-ready devices incorporating such features, so 

that the device supports patient motion, instead of 
replacing it. 

 

2. Technology-Assisted Healthcare Environments: 

Surrounding the medical bed, the integration of 

information-technologies into the patient- care 

environment has changed the way patient-information and 

treatments are handled. Updated user interfaces, dedicated 

to patients and caregivers, have emerged over the past 

decade, both as consumer-ready solutions and research 

projects covering the management of patient records, and 

control over the near environment (like TV, lights, etc.). 

 
As medical beds become smarter, interaction with this 

smart environment becomes a possibility. A growing trend 

looks to change the experience of the healthcare 

environment for patients, providing new means of 

communication and entertainment at their reach, 

particularly aimed at patients with restricted mobility 

(acute, recovering, and long-term patients).  

 

These proposals integrate connectivity and a higher 

control over the environment, while including informative 

resources concerning different conditions. Even when not 
including control over the bed itself, these “Interactive 

Patient-Care Systems” may integrate a touchscreen 

through adjustable stands. 

 

3. Reflections: 

3.1 Developing new/multidisciplinary technical skills: 

We learnt to work on hardware and software 

simultaneously to develop this project. Coding various 

components and features of the project and their 

integration, working with various sensors were all major 

skills improved upon. 

3.2 Using professional and technical terminology 
appropriately: We came across different terminologies 

while doing a thorough research for our project. In this 

way, we acquired the knowledge about those 

terminologies and got familiar with to them while 

studying for the project. 

3.3 Analyzing or visualizing data to create information: 

A lot of data was obtained from the sensors and a lot of 

data was used to train neural network models and then 

later used for various applications. Hence in doing so, 

we were able to derive useful results from raw data. 

3.4 Creating technical report with usage of international 
standards: This skill was acquired while making 

reports for our project. We came across the format and 

the key points were kept in mind while making the 

report. 

3.5 Acquiring and evaluating information: We acquired a 

lot of new information for making the project. In this 

process, we developed the skill for evaluating useful 

information and how to use the information available to 

us in the project. 

4. Scope of Further Work: 

Smart medical beds have emerged in the past decades as 

integrated solutions for patient care, assistance, and 
monitoring, based on a comprehensive, multidisciplinary 

design process. The global market of medical beds is 

currently broad, competitive, and still has potential to 

spread. Dedicated devices for different demographics are 

developed, and high-end functionality under customizable 

solutions have become common features, expected of 

these devices. Research is also continuously promoting 

novel or updated integrations of technology into this 

family of devices. It is expected that these changes will 

continue to spread into further automation and design 

adaptations, with the smart bed becoming the heart of the 

smart patient-care environment of the future.  
 

The full potential of smart beds will not only be achieved 

with isolated technological or morphological advances, but 

when they are seamlessly integrated into the healthcare 

system, enabling more efficient efforts for caregivers, and 

more responsive environments for patients. The future of 

medical beds will be shaped by the continued, conscious 

supplement of technologies into the healthcare 

environment.  

 

A prospective analysis on the evolution of healthcare 
systems will be necessary for the definition of proper 

strategies, to provide better, adapted services (expectations 

concerning number of beds and resources needed). As for 

patients and environments, research is heading in the way 

of providing even further functionality and integration 

with the medical bed. Embedded monitoring, autonomous 

responses and accessibility-enabled systems can take full 

advantage of the potential of these devices, while also 

posing future challenges in the development of reliable 

solutions for the severely disabled. 

 

Technologies implemented into smart medical beds may, 
at this point, result in derived, low- cost upgrades to other 

devices, like manually operated beds, which less-

developed regions can benefit from. While features like 

autonomy and embedded functionality may hint at an 

apparent detachment form the work of health specialists 

now, the need for multidisciplinary insight will become 

more urgent in the development of successful healthcare 

solutions. Research and study on healthcare-environment 

related solutions is of great need in a context of a globally-

ageing population, where disability will have an even 

greater impact. Accessibility-enabled smart medical beds 
have the potential of becomingthe center of new, 

comprehensive, and patient-conscious healthcare 

environments. 

 

5. Standards of IEEE: 

The Institute of Electrical and Electronics Engineers 

Standards Association (IEEE-SA) is an organization 

within IEEE that develops global standards in a broad 

range of industries. 
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IEEE-SA has developed standards for over a century, 

through a program that offers balance, openness, fair 
procedures, and consensus. Following are the Standards of 

IEEE which are used in this project: 

 

5.1 Extending IEEE Std 1855 for designing Arduino 

microcontroller: The above IEEE standard states for 

the Arduino microcontroller and use of Arduino is the 

most important tool in building our project. 

5.2 IEEE Std 2700-2014 - IEEE Standard for Sensor: A 

common framework for sensor performance 

specification terminology, units, conditions, and limits 

is provided. Specifically, the accelerometer, 

magnetometer, gyro meter/gyroscope, 
barometer/pressure sensors, hygrometer/ humidity 

sensors, temperature sensors, ambient light sensors, and 

proximity sensors are following this standard. 

5.3 IEEE 802.15.4 Wireless Sensor Network for GSM 

module: Wireless sensor network (WSN) based on the 

Institute of Electrical and Electronics Engineers 

(IEEE)'s 1451.0, 1451.5, and 802.11 standards. The 

work described provides a foundation and some 

guidelines for implementing a wireless sensor 

monitoring application based on the IEEE 1451.0 and 

1451.5 standards. 
5.4 RS-232-Recommended Standard 232: This is a 

standard for serial communication transmission of data. 

It formally defines the signals connecting between a 

DTE (data terminal equipment) such as a computer 

terminal, and a DCE (data circuit-terminating equipment 

or data communication equipment). The RS-232 

standard had been commonly used in computer serial 

ports. The standard defines the electrical characteristics 

and timing of signals, the meaning of signals, and the 

physical size and pinout of connectors. 

5.5 IEEE Std 802.11 Wi-Fi signal: Wireless LAN Media 

Access Control and Physical Layer specification. 
802.11a, b.g etc. are amendments to the original 802.11 

standard. Products that implement 802.11 standards 

must pass tests and are referred to as "Wi-Fi certified." 
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